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Microcontroller with Transponder Interface

The U9280M-H IC is a multi-chip module for remote
control and contactless ID systems. It consists of the
M44C092 microcontroller and U3280M transponder in-
terface circuit with EEPROM. A coil connected to the
transponder interface serves as wireless bidirectional
communication interface as well as power supply for the
uC and the interface. As transponder, the device is sup-

plied by a magnetic RF field applied at the coil. For IR-
or RF-transmitter applications, it can be supplied by a bat-
tery. The nC supports with its built-in timers awide range
of IR- and RF-transmission modes such as burst-modul a-
tion modes, PWM-, NRZ-, Manchester- and Biphase
coding.

Features Benefits
® 4-bit HARVARD architecture ® Contactless power supply and communication inter-
® 4K x 8-hit application ROM face
® 256 X 4-bit RAM ® Power management for contactless- and battery-
e 32 x 16-hit EEPROM po‘f}’er supply o o -+ derod
e 10 bidirectional 1/Os ° ghaéé-sreglster-wpport modulator and demodulator
o 4 fexternal interrupt inputs (SSO20) e Low power consumption
* 8interruptlevels e Active mode<300uA @2V and 1 MHz system dlock
® Two-wire serial interface ® Supply voltage2.0V to 6.5V
® \Voltage supervisor e High-level language programming in qFORTH
® On-chip RC oscillator e Operating speed: 1 — 10 us instruction cycle
® On-chip crystal oscillator (Qus@Vpp=2V)
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Figure 1. Block diagram
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Figure 2. Pinning SSO20

Table 1. Pin Description (SSO20 Package)

Name Pin Function / Alternate Function

Vss 17  Circuit ground

Upatt 3 Power-supply voltage input to connect a battery

Vbpp 4  Power-supply voltage for the uC and EEPROM. At this pin a capacitor (0.5 to 10uF)
must be connected to buffer the voltage during field supply and to block the Vpp of
the uC.

Caill 1  Cail input 1. Pin to connect a LC antenna for communication and field supply

Coil2 2  Coil input 2 see above

NGAP 20  Gap detect output — front end. Must be connected to the demodulator input Pin T3l.

MQOD 19  Modulation input — front end. Must be connected to the modulator output Pin T20.

FC 18  Field clock output of the clock extractor

BP60/T30 10 Bidirectional 1/O-line / Timer 3 output/ modulator output

BP63/T3I/INT5S 11 1/O-port line/ INT5 interrupt input / Timer 3 input / demodulator input

BP50/INT6 7 I/O-port line / INT6 interrupt input (falling or rising edge sensitive)

BP53/INT3 6 I/O-port line / INT3 interrupt input (falling or rising edge sensitive)

BP40/SC/INT3 5 I/O-port line / seria clock line / INT3 input (falling edge sensitive)

BPAL/VMI 14 1/O-port line / Voltage monitor input / Timer 2 input

BP42/T20 15 1/O-port line/ Timer 2 output / modulator output

BP43/SD/INT3 16  1/O-port line/ serial dataline/ INT3 input (falling edge sensitive)

BP20/NTE 12 BP20-1/O-port line / test mode input. Thisinput is used to control the test modes.
During POR it must not be connected with alow impedance to Vpp.

BP23 13  |/O-port line

OSCl/Rosc 8  Oscillator- or external system-clock input / input for RC-oscillator resistor

osc2 9  Oscillator output

2 (20) Rev.A1, 09-Nov-99

Preliminary Information



TEMIC

Semiconductors

U9280M

H

Table of Contents

1 Functional DESCription . . ... ...t e
11 MAAC002 . . .t
12 The U3280M Transponder Interface . ....... ..o
13 MoOdUIALTION . .
14 Fiald ClOCK ..o
15 GaD DOt . .o
16 WaKEe-UD SIgNal . .. oo
1.7 U3280M Signalsand TIiMIiNg .. ...t e
18 POWEr SUPPIY oot

181 Automatical Power Management . ...t
18.2 Controlling the Power Management via the Serial Interface . ................
183 Buffer Capacitor CB . ...t
19 Serial INterfate . .o e
191 Serial ProtoCol . . ..o
110 EEPROM ..o
1.10.1 EEPROM — Operating Modes . ... ..ot
1.10.2 WIIte OPErations . . . ..ottt e e e
1.10.3 Read Operations . .. ...t
1.104 Initialization after a Reset Condition .............. i,
1.10.5 Special MOAES . . ..o
111 POWEr-0N RESEL . . .o e

2 Electrical CharacteristiCs ... ..ot

21 Common Features U9280M-H .. ... ... ...

2.2 Absolute Maximum
2.3 Thermal Resistance

RaAtiNGS . ..o

24 Common DC CharaCteristiCs .. ... vvi i e e e e
25 DC Characteristics — Microcontroller M44C092 . ... ..ottt
26 AC CharaterisliCS . ..ottt e
2.7 DC Characteristics — Transponder Interface U3280M . ...,
28 AC Characteristics — Transponder Interface U3280M . ........... ...,
3 Package Information . ......... .
4 Ordering Information ... ... ..
41 Order NUMDEY ... e e e

©O© 0 0000 N ~N~N~NOOO O 0o oo O B

B R R R R R R RRRRRRp R R
W 0O ~NOOMWWNNMDMNMDDNEROO

Rev.Al, 09-Nov-99

Preliminary Information

3 (20)



U9280M -H

TEMIC

Semiconductors

1 Functional Description

The U9280M-H multi-chip module contains a micro-
controller and a transponder 1C mounted in a single
package. Everything necessary for remote control and
wireless identifcation systems isintegrated: inputs to con-
nect keys, outputs to control an IR- or RF transmitter and
to drive indicator LEDs, an EEPROM to store key code
and identifiers, and an interface for contactless commu-
nication and power supply.

The U3280M is a transponder interface consisting of an
analog front end for contactless data communication and
power supply, and aserial 512-bit EEPROM. In addition,
it includes power management to switch the battery or
magnetic-field power supply. For modulation and de-
modulation of the magnetic field, the device hasinput and
output pins to connect the microcontroller. The MOD,
NGAP and FC Pins can be connected externally to the
modulator, demodulator and timer 1/0 pins of the micro-
controller. Access to the EEPROM is possible via a

two-wire serial

interface. The M44C092 micro-

controllers are equipped with compatible two-wire serial
interface to communicate with the U3280M. In the
U9280M-H the serial interfaces of the transponder inter-
face and the microcontroller are linked internally.

11 M44C092

The M44C092 microcontroller is a member of the
TEMIC 4-bit single-chip microcontroller family . It ises
pecially designed for remoted-control applications. It
consists of an advanced stack-based 4-bit CPU core with
4 K ROM, 256 nibble of RAM and on-chip peripherals.
The CPU is based on the HARVARD architecture and
contains an interrupt controller with 8 prioritized inter-
rupt levels.

The peripherals include parallel 1/O ports, two 8-hit pro-
grammable multifunction timer/counters, a two-wire
serid interface, an interval timer with watchdog function
and a voltage supervisor. The serial interface supports, to-
gether with the timers, a modulator and demodulator
stage for Manchester, Biphase and pulse-width modula
tion and demodulation. The integrated clock generator
contains aRC-, a 32-kHz crystal, a4-MHz crystal oscilla-
tor and a programmabl e input to use an external clock.

Note: Inthe U9280M-H not al 1/0 pins of the M44C092
are available (see’Pin Description’).

The microcontroller is fully described in the MARCA4
M44CQ092 data sheet.

Vss Vbbp OSC1 0SC2
A A
v
Brown-out protect. RC Crystal External UTCM
RESET oscillators| oscillators| clock input Timer 1
Voltage monitor .
External input Clock management L | interval- :_:\nd
— + watchdog timer
vau Timer2  ||{?
BP10 8/12-bit timer T20
Portl [ —, 4 E Ol\ﬁ. RAM with modulator >
BP13 <« x 8 bit 256 x 4 bit SD
y—N SS SC
BP20/NTE<] MARC4 \—| Serial interface |[4>
c
o . .
BP21 g 4-bit CPU core Timer 3 K'Y
% g gt
BP2? © ti mer counter T3l
3 II 1/0 bus with modulator |[4—
BP23 o a | ﬁ i and demodulator
Datadirection + Datadirection + Datadir. +
dternate function interrupt control dt. function
Port 4 Port 5 Port 6
A A A A $ e e e A A
vV VvV V vV v v
BP40 BP42 BP50 BP52 BP60 BP63
INT3 T20 Bp43 INT6 INT1 T30 T3l
sc BPA1 INT3 BP51  BP53
D INT6  INTL 13361
T2

Figure 3. Block diagram M44C092
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1.2 TheU3280M Transponder
Interface

The transponder interface contains a rectifier stage to rec-
tify the AC from the coail inputs and to supply itself and
an additional microcontroller device with power from a
L C-resonant circuit at the coil inputs. It is also possible
to supply the device via the Vggi-input with DC from a
battery. The built-in power management switches auto-
matically between battery supply (Veat pin) and cail
supply. It switchesto coil supply if afield isapplied at the
coil and switches back to battery if the field is removed.

The voltage from the coil or the Vg pin isoutput at the
Vpp pin to supply the microcontroller device. At the Vpp
pin a capacitor must be connected to smooth and buffer
the supply voltage for the transponder interface and the
microcontroller. This capacitor is also used to buffer the
supply voltage during communication (damping and gaps
in the field).

For communication, a damping-stage and a gap-detect
circuitry ison the chip. By means of the damping stage the
coil voltage can be modulated to transmit data via the
field. It can be controlled with the modulator input (MOD
pin) via the microcontroller. The gap detection circuitry
detects gaps in the field and output the gap/field signal at
the gap detect output (NGAP pin). It can be used to re-
ceive data via a modulated field and to check if afieldis
applied at the coil.

For the storage of data such as key codes, identifiers and
configuration bits, a 512-bit EEPROM is available on the
chip. It can be read and written by the microcontroller via
an 12C-compatible two-wire serial interface. The serid in-
terface, the EEPROM and the microcontroller are
supplied with the voltage at the Vpp pin. That means the
microcontroller can read and write the EEPROM if the
supply voltage is in the operating range.

The U3280M contains additional operating modes to sup-
port a wide range of applications. These modes can be
controlled via the seria interface. The power manage-
ment can be switched off by software to disable the
automatic switching between battery and field. This sup-
ports applications with battery supply only.

There is an on-chip Biphase and Manchester modulator.
It can be selected and controlled via the seria interface
with a specia mode control byte. If this modulator is used
the external connection to the modulator input is not nec-
essary.

1.3 Modulation

The transponder interface can modulate the magnetic
field by a modulator to transmit data to a base station. It
modulates the coil voltage by varying the coil‘sload. The

modulator can be controlled via the MOD pin. A high
level 1" increases the current into the coil inputs and
damps the coil voltage. A low level "0" decreases the cur-
rent and increases the coil voltage. The modulator
generates a voltage stroke of about 2 Vp, at the coil. A
high level at the MOD input makes the maximum of the
field energy available at Vpp. During areset ahigh level
at the MOD input causes the optimum conditions for start-
ing the device and charging the capacitor at Vpp after the
field is applied at the cail.

Digital Input to Control the Damping Stage (M OD)

MOD=0: coil undamped

Vo pesk = Vpp X J2 + Veus = Ve

MOD=1: coil damped
Vo pesk = Vpp X \/_ = Vep

Vems= Vep: modulation voltage stroke @ coil inputs

Note: If the automatically power management is disabled
theinternal front end Vpp islimited at Vppc. In this case
the value Vppc must be used in the formula above.

1.4 Fidd Clock

The field clock extractor of the interface makes the field
clock available for the microcontroller. It can be used to
supply timer inputs to synchronize modulation and de-
modulation with the field clock.

1.5 Gap Detect

The transponder interface can also receive data. The base
station modulates the data with short gapsin thefield. The
gap-detection circuit detects these gaps in the magnetic
field and outputs the gap/field signal at the NGAP pin. A
high level indicates that a field is applied at the coil and
a low level indicates a gap or that the field is off. The
microcontroller must demodulate the incoming data
stream at one of its inputs.

Digital Output of the Gap Detection Stage (NGAP)
NGAP=0: gap detected / no field

VCOIpreak = Viporr

NGAP=1: field detected

VCOIpreak = Vipon

Note: No amplifier is used in the gap detection stage. A
digital Schmitt trigger evaluates the rectified and
smoothed coil voltage.

1.6 Wake-up Signal

If afield isapplied at the coil of the transponder interface
the microcontroller can be woken up with the wake signal
at the NGAP pin. For that purpose the NGAP pin must be

Rev.Al, 09-Nov-99
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connected to an interrupt input of the microcontroller. A
high level at the NGAP output indicates an applied field
and can be used as wake signa for the microcontroller via
an interrupt. If no battery voltage is available at Vg4t the
controller starts with a power-on-reset after the voltage of
the buffer capacitor at Vpp is loaded by the field above
the power-on-reset level.

1.7 U3280M Signalsand Timing

The wake signal is generated if the power management
switches to field supply. The field detection stage of the
power management has low-pass characteristics to avoid
the generation of wake signals and unnecessary switching
between battery and field supply in case of interferences
at the coil inputs.

MOD
P Veu
Vows veo [N | [ ] | L
Coil inputs 4\ /’\
L] L | | L | 14101
Figure 4. Modulation
treaPL tFeAPO
—> = —>(l=
VrDON \ / \ \ / \ / \
\ \ / \ 7/ v
Caoil inputs —_— >—< —< >—< N VFooFF
// \\ // / \\ // \\ /
1. edge used as wakeup signal
NGAP L] L] L | ]
Field clock FC n Hﬂ N
Battery Battery
Power management  supply ¢ Coil supply if automatically power management is enabled | supply
_ o | B _ o] tBs |

Figure 5. Gap detection and battery to field switching

1.8 Power Supply

The U3280 has a power management that handles two
power-supply sources. Normally, the IC is supplied by a
battery at the Vgt pin. If amagnetic field is applied at the
L C-resonant circuit of the device the field detection cir-
cuit switches from Vgt to field supply. During field
supply the Vpp voltage is limitted at 3 V.

The Vpp pin isused to connect a capacitor to smooth the
voltage from the rectifier and to buffer the power when

the field is modulated by gaps and damping. The
EEPROM and the microcontroller always operate with
the voltage at the Vpp pin.

181

There are different conditions to switch from the battery
to field and vice versa.

Automatical Power M anagement

6 (20)
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Vcoil > VEpon for t>tgrs

Field
supply

S~ 7

V coil < VrEDOFF fOr t>trgs
Figure 6. Switch conditions for the power management

The power management switches automatically from bat-
tery to field if the rectified voltage (Vcoil) from the coil
inputs becomes higher than field-on-detection volt-
age (Vrpon) even if no battery voltage is available
(0<Vpat < 1.8V). It switches back to battery if the cail
voltage becomes lower than the field-off-detection volt-
age (VFpoFF)-

The field-detection stage of the power management has
low-pass characteristics to suppress noise. An applied
field needs a time delay tgrs (battery-to-field switch
delay) to change the power supply. If thefield is removed
from the coil the power management will generate a reset
for the microcontroller.

1.8.2  Controlling the Power Manage-

ment via the Serial Interface

The automatic mode of the power management can be
switched off and on by a command from the micro-
controller. If the automatic mode is switched off the IC is
always supplied by the battery up to the next power-on re-
set or to a switch-on command. The power
management-on and -off command must be transferred
via the seria interface.

If the power management is switched off and the device
is supplied from the battery it can communicate via the
field without load the field. This mode can be used to redl-
ize applications with battery supply if the available field
istoo weak to supply the IC with power.

1.8.3

The buffer capacitor connected at Vpp is used to buffer
the supply voltage for the microcontroller and the
EEPROM during field supply. It smooths the rectified AC
from the coil and buffers the supply voltage during modu-
lation and gaps in the field. The size of this capacitor
depends on the application. It must be of a dimension so
that during modulation and gaps the ripple on the supply

Buffer Capacitor CB

voltage isin the range of 100 — 300 mV. During gaps and
damping the capacitor is used to supply the device, that
means the size of the capacitor depends on the length of
the gaps and damping cycles.

Example:
For a supply current 350 uA, 200 mV ripple @ Vpp

No Field Supply During Necessary CB
250 us 470 nF
500 us 1000 nF

19 Serial Interface

The transponder interface has an 12C-like serial interface
to the microcontroller for read and write accesses to the
EEPROM. In a special mode the serid interface can also
be used to control the Biphase/Manchester modulator or
the power management of the U3280M.

The seria interface of the U3280M device must be con-
trolled by a master device (normaly the M4xC09x
microcontroller) which generates the serial clock and
controls the access via the SCL- and SDA-line. SCL is
used to clock the data in and out of the device. SDA isa
bidirectional line used to transfer datainto and out of the
device. Thefollowing protocoll is used for the data trans-
fers.

19.1 Serial Protocol

® Data states on the SDA line changing only while SCL
islow.

® Changesinthe SDA linewhile SCL is high will bein-
terpreted as START or STOP condition.

® A START condition is defined as high-to-low transi-
tion on the SDA-line while the SCL-line is high.

® A STOP condition is defined as low-to-high transition
on the SDA-line while the SCL-line is high.

® Each data transfer must be initialized with a START
condition and terminated with a STOP condition. The
START condition wakes the device from standby
mode and the STOP condition returns the device to
stand-by mode.

® A receiving device generates an acknowledge (A) af-
ter the reception of each byte. For that the master
device must generate an extra clock pulse. If the re-
ception was successful the receiving master or slave
device pulls down the SDA-line during that clock
cycle. If in transmit mode an acknowledge is not de-
tected (N) by the interface, it will terminate further
data transmissions and will go into receive mode. A
master device must finish its read operation by a not
acknowledge and then issue a stop condition to place
the device into a known state.

Rev.Al, 09-Nov-99
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R N e S e N A

I/ |

| N/

Stand ' Start Data Data Data/ Stop  Stand—
by condition valid change acknowledge condition by
valid 13884
Figure 7. Seria protocol
Control Byte Format
EEPROM address Mode control bits | Read/NWrite
Start A4 | A3 | A2 | A1 | A0 c1 co RINW Ackn

The control byte follows the start condition and consists of the 5-bit row address, 2 mode control bits and the

read/not write-bit.
Data Transfer Sequence

‘ Start ‘ Control byte ‘ Ackn ‘ Data byte

‘ Ackn ‘ Data byte ‘ Ackn ‘ Stop ‘

o Before the START condition and after the STOP
condition the deviceisin standby mode and the SDA-
line is switched as input with pull-up resistor.

® The START condition follows a control byte that de-
termines the following operation. Bit O of the control
byte is used to control the following transfer direction.
A "0" defines awrite accessand a”1” aread access.

1.10 EEPROM

The EEPROM has a size of 512 bits and is organized as
a 32 x 16-bit matrix. To read and write data to and from
the EEPROM the serial interface must be used. The inter-
face supports one and two byte write accesses and one to
n-byte read accesses to the EEPROM.

1.10.1 EEPROM - Operating Modes

The operating modes of the EEPROM are defined viathe
control byte. The control byte contains the row address,
the mode control bits and the read/not-write bit that is
used to control the direction of the following transfer. A
"0" defines a write access and a”1” aread access. The
five address bits select one of the 32 rows of the EEPROM
memory to be accessed. For al accesses the complete
16-bit word of the selected row isloaded into a buffer. The
buffer must be read or overwritten viathe serial interface.
The two mode control bits C1 and C2 definein which or-
der the accesses to the buffer are performed: High byte —
low byteor low byte— high byte. The EEPROM aso sup-
ports autoincrement and autodecrement read operations.
After sending the start address with the corresponding
mode, consecutive memory cells can be read row by row
without transmission of the row addresses.

Two special control bytes enable the complete initializa-
tion of EEPROM with "0" or with " 1.

1.10.2 Write Operations

The EEPROM permits 8-bit and 16-bit write operations.
A write access starts with the START condition followed
by awrite control byte and one or two data bytes from the
master. It is completed via the STOP condition from the
master after the acknowledge cycle.

If the EEPROM receives the control byte, it loads the con-
tent of the addressed memory cell into a 16-bit read/write
buffer. After the first data byte has been received the
EEPROM starts the internal programming cycle. It con-
sists of an erase cycle (write "zeros’) and the write cycle
(write "ones”). Each cycle takes about 10 ms. The write
cycle is started after the stop condition and the complete
buffer is stored back automatically to the EEPROM. That
means for two-byte write operations, the second byte
must be transferred within the erase cycle otherwise only
the first byte will be stored in the EEPROM and the se-
cond byte will be ignored.

Acknowledge Poalling

If the EEPROM is busy with an internal write cycle, all
inputs are disabled and the EEPROM will not acknow!-
edge until the write cycle isfinished. This can be used to
detect the end of the write cycle. The master must perform
acknowledge polling by sending a start condition fol-
lowed by the control byte. If the deviceis still busy with
the write cycle, it will not return an acknowledge and the
master has to generate a stop condition or perform further
acknowledge polling sequences. If the cycleis complete,
it returns an acknowledge and the master can proceed
with the next read or write cycle.

8 (20)
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Write One Data Byte

‘ Start ‘ Control byte ‘A‘ Data byte 1 ‘A‘ Stop ‘

Write Two Data Bytes

‘ Start ‘ Control byte ‘A‘ Data byte 1 ‘A‘ Data byte 2 ‘A‘ Stop ‘

Write Control Byte Only

‘ Start ‘ Control byte ‘A‘ Stop ‘

A — acknowledge

Write Control Bytes

MSB LSB
Write low byte first A4 | A3 | A2 | AL | A0 c1 | co | RNW
Row address 0 1 0
Byte order LB(R) HB(R)
MSB LSB
Write high byte first A4 | A3 | A2 | AL | A0| c1 | co | RNW
Row address 1 0 0

Byte order HB(R)

LB(R)

HB: high byte; LB: low byte; R: row address

1.10.3 Read Operations

The EEPROM allows byte-, word- and current address
read operations. The read operations are initiated in the
same way as write operations. Every read access is initi-
ated by sending the START condition followed by the
control byte which contains the address and the read
mode. After the device receives a read command it re-
turns an acknowledge, loads the addressed word into the
read\write buffer and sends the selected data byte to the
master. The master has to acknowledge the received byte

Read One Data Byte

if it wants to proceed the read operation. If two bytes are
read out from the buffer the device increments respec-
tively decrements the word address automatically and
loads the buffer with the next word. The read mode bits
determines if the low or high byte is read first from the
buffer and if the word address is incremented or decre-
mented for the next read access. If the memory address
limit isreached, the dataword address will "roll over” and
the sequential read will continue. The master can termi-
nate the read operation after every byte by not responding
with an acknowledge (N) and by issuing a stop condition.

‘ Start ‘ Control byte ‘A‘ Data byte 1 ‘N‘ Stop ‘

Read Two Data Bytes

‘ Start ‘ Control byte ‘A‘ Data byte 1 ‘A‘ Data byte 2 ‘N‘ Stop ‘

Rev.Al, 09-Nov-99
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Read n Data Bytes

‘ Start ‘ Control byte ‘A‘ Data byte 1 ‘A‘ Data byte 2 ‘A‘ —_———— ‘ Databyten ‘N‘ Stop ‘

A — acknowledge, N — no acknowledge

Read Control Bytes

MSB LSB
Read low bytefirst, addressincrement | A4 | A3 | A2 | A1 | A0 | C1 | co | RNW
Row address 0 1 1
Byte order | LB(R) | HB(R) | LB(R+l) | HB(R+l) | ——- | LB(R+n) |HB(R*n) |
MSB LSB
Read high byte first, addr. decrement | A4 | A3 | A2 | A1 | A0 | C1 | co | RNW
Row address 1 0 1

Byte order

| HB(R) | LBR) | HB(R) | LBR-1) | --

| HB(R) | LB(R) |

HB: high byte; LB: low byte, R: row address

1.10.4 Initialization after a Reset Condition

The EEPROM with the serial interface has its own reset
circuitry. In systems with microcontrollers that have their
own reset circuitry for power on reset, watchdog reset or
brown-out reset, it may be necessary to bring the US05M
into a known state independent of itsinternal reset. This
is performed by reading one byte without acknowledging
and then generating a stop condition.

Table2. Specia modes

1.10.5 Special Modes

With special control bytes the serial interface can be used
to control the modulator stage or the power management.
The EEPROM access and the serial interface are disabled
in these modes until the next STOP condition. If no
START or STOP condition is generated the SCL and SDA
line can be used for the modulator stage. SCL is used for
the modulator clock and SDA is used for the data. In that
mode the same conditions for clock and data changing as
normal are vaid. The SCL and SDA line can be used for
continuous bit transfers, an acknowledge cycle after 8 bits
must not be generated.

Control Byte Description
1100x111b Biphase modulation
1101x111b Manchester modulation (not yet available !!!!)
11xx0111b Switch power managment off — disables switching from battery to field supply
11xx1111b Switch power managment on —> enables automatically switching between battery and field
supply
XXxxx110b Reserved
10 (20) Rev.A1, 09-Nov-99
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Data Transfer Sequence for Biphase and Manchester Modulation:

‘ Start ‘ Control byte ‘ Ackn ‘ Bit 1 ‘ Bit 2 ‘ Bit 3 ‘

Note:

After areset of the microcontroller it is not known whether the transponder interface has been a reset too. It

could be till in areceive or transmit cycle. To place the serial interface of the device into a known state, the
miocrocontroller should read one byte from the device without acknowledge and generate a stop condition.

1.11 Power-on Reset

The analog front end starts working with the applied field.
The EEPROM with the serial interface has its own reset
circuitry. (Thereset level of the front end is below the re-
set level of the M44C092)

The microcontroller has a power-on reset circuitry with
a brown-out detection. One of two reset voltage levels
[1.8 V / 2.0 V] can be selected via the software (see

M44C092 data sheet). If afast instruction cycle (<2 us)
is used the higher reset level should be selected.

After awatchdog or brown-out detection reset, the serial
interface and the EEPROM should be reset by reading one
byte from the transponder interface device without ac-
knowledging and generation of a STOP condition. That
places the serid interface and EEPROM into a known
State.

Rev.Al, 09-Nov-99
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2 Electrical Characteristics
2.1 Common Features U9280M -H

—40°C to +85°C
20Vto65V

® QOperating temperature range:
® QOperating voltage range (VBai):

® L ow power consumption:

600 uA @ 6.5V in operating mode ( with 2 us instruction cycle)

200 uA @ 2.0V in operating mode (with 2 us instruction cycle)
1uA @ 2.0V in stop mode

® Power supply:

2.2 Absolute Maximum Ratings
Voltages are given relative to Vss .

Parameters
Supply voltage

Max. current out of Vss-pin

Max. current into Vggt-pin

Input voltage (on any pin)

Input/output clamp current (Vss> Vi/Vo> Vpp)
Min. ESD protection

(100 pF through 1.5 k€2)

Min. ESD protection Coil 1 and Coil 2 inputs
(100 pF through 1.5 k€2)

Operating temperature range

Storage temperature range

Soldering temperature (t < 10 sec)

Stresses greater than those listed under absolute maxi-
mum ratings may cause permanent damage to the device.
Thisisastressrating only and functional operation of the
device at any condition above those indicated in the op-
erational section of this specification is not implied.
Exposure to absolute maximum rating condition for an
extended period may affect device reliability. All inputs

2.3 Thermal Resistance

Parameters

Junction ambient SS020

Contactless (coil 125 kHz) and battery supply

Symbol Value Unit

VBat, VDD Oto+7.0 V
with reverse protection

15 mA

15 mA
VIN Vss0.6 <V |N<VDppt0.6 V
lik / TOK +/-15 mA
+/-2 kV

+/-1 kV

Tamb —-40to+ 85 °C
Tsg —40to + 125 °C
T« 260 °C

and outputs are protected against high electrostatic volt-
ages or electric fields. However, precautions to minimize
the build-up of electrostatic charges during handling are
recommended. Reliability of operation is enhanced if un-
used inputs are connected to an appropriate logic voltage
level (e.g. Vpp).

Symbol
Rihaa

Value
140

Unit
K/W

12 (20)
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2.4 Common DC Characteristics

Vss= 0V, Tamp = —40 to 85°C unless otherwise specified.

Parameters Test Conditions / Pins Symbol Min. Typ. Max. Unit
Power supply
Operating voltage at Vgt VBat 20 6.5 \%
Operating voltage at Vpp Vb VPoR 6.5 \Y
Active current fsyscL =1 MHz
CPU active Vpp =20V IpD 200 250 UA
Vpp=3.0V 300 UA
Vpp =65V 600 800 A
Power down current fsyscL =1 MHz
(CPU deep, Vpp =20V IpD 40 70 UA
RC oscillator active, Vpp=30V 100 A
4-MHz quartz-osc. active) Vpp=6.5V 250 400 UA
Sleep current Vpp=6.5V ISleep 1.0 20 A
(CPU deep,
32-kHz quartz-osc. inactive
4-MHz quartz-osc. inactive)
Reset current Vop < VpPoRr | Rest 150 UA
2.5 DC Characteristics—Microcontroller M44C092
Vss= 0V, Tamp = —40 to 85°C unless otherwise specified.
Parameters Test Conditions / Pins Symbol Min. Typ. Max. Unit
Brown-out protection reset threshold voltage
Reset threshold voltage BOT =1 VPoR 155 1.7 1.85 V
Reset threshold voltage BOT =0 VpPoR 1.85 20 2.2 \%
Reset hysteresis VPoOR 50 mV
Voltage monitor threshold voltage
VM high threshold voltage Vpp > VM, VMS=1 VMThh 3.0 3.25 \Y
VM high threshold voltage Vpp <VM,VMS=0 VMThh 2.8 3.0 V
VM middle thresh. voltage Vpp > VM, VMS=1 VMThm 2.6 2.8 \Y
VM middle thresh. voltage Vpp <VM, VMS=0 VMThm 24 26 \Y;
VM low threshold voltage Vpp > VM, VMS=1 VMTh 2.2 24 \%
VM low threshold voltage Vpp <VM,VMS=0 VMThi 2.0 2.2 V
External input voltage
VMI rising edge threshold VMS=1,Vpp=3V Vvmi 13 14 \%
VMI falling edge threshold VMS=0,Vpp=3V Vvmi 1.2 13 \%
Rev.A1, 09-Nov-99 13 (20)
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Parameters Test Conditions / Pins Symbol Min. Typ. Max. Unit
All Bidirectional Ports
Input voltage LOW Vpp=18to 65V ViL Vss 0.2*Vpp V
Input voltage HIGH Vpp=18to 65V VIH 0.8* Vpp VbD \Y
Input LOW current Vpp=20V, IR 2.0 4.0 -12 UA
(pull-up) Vpp =30V, V| =Vss -20 UA
Vpp=65V -50 -100 —200 UA
Input HIGH current Vpp=20V, liH 2.0 4.0 12 UA
(pull-down) Vpp=30V, ViH=Vpp 20 UA
Vpp =65V 50 100 200 UA
Input LOW current Vpp=20V, V| =Vss I -20 -50 -100 UA
(strong pull-up) Vpp=65V -300 —600 —1200 UA
Input LOW current Vpp=20V,Viu=VpD liH 20 50 100 UA
(strong pull-down) Vpp=65V 300 600 1200 UA
Input leakage current V|L=Vss I 100 nA
Input leakage current Viu= VbD I 100 nA
Output LOW current VoL =0.2%XVpp
Vpp=20V loL 0.6 1.2 25 mA
Vpp =30V, 5 mA
Vpp =65V 8 15 22 mA
Output HIGH current Von =0.8XVpp
Vpp=20V loH -0.6 -1.2 2.5 mA
Vpp =30V, -5 mA
Vpp =65V -8 -16 24 mA
Note: The Pin BP20/NTE has a strong pull-up resistor during the reset-phase of the microcontroller
2.6 AC Characteristics
Operation Cycle Time
Vss=0V
Parameters Test Conditions / Pins Symbol Min. Typ. Max. Unit
System clock cycle Vpp=18t065V tsyscL 500 2000 ns
Tamp =—401t0 85°C
Vpp=241t065V tsyscL 250 2000 ns
Tamp =—401t0 85°C
Supply voltage Vpp = 1.8t0 6.5V, Vss= 0V, Tanp = —40 to 85°C unless otherwise specified.
Parameters Test Conditions / Pins Symbol Min. Typ. Max. Unit
Timer 2 input timing Pin T2l
Timer 2 input clock frol 5 MHz
Timer 2 input LOW time tTo1L 100 ns
Timer 2 input HIGH time tT21H 100 ns
Timer 3 input timing Pin T3l
Timer 3 input clock fral SYSCL/2
Timer 3 input LOW time traL 2XtsyscL ns
Timer 3 input HIGH time train 2XtsyscL ns

14 (20)
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Parameters Test Conditions / Pins Symbol Min. Typ. Max. Unit
Interrupt request input timing
Int. request LOW time tiRL 100 ns
Int. request HIGH time tIRH 100 ns
External system clock
EXSCL at OSC1 ECM = EN fexscL 05 4 MHz
Rise/ fal time< 10 ns
EXSCL at OSC1 ECM = DI fexscL 0.02 4 MHz
Rise/ fal time< 10 ns
Input HIGH time Rise/ fall time < 10 ns tiH 0.1 us
Reset timing
Power-on reset time Vbp > VPOR tPOR 15 5 ms
RC oscillator 1
Frequency freout1 3.8 MHz
Stability Vpp=20to 65V Af/f +50 %
Temperature coefficient Afffl°C 0.15 %
RC oscillator 2 — external resistor
Frequency Rext = 170 kQ frecout2 4 MHz
Rext = 720 kQ freout2 1
Stability Vpp=20to 65V Af/f +15 %
Stabilization time ts 10 us
4-MHz crystal oscillator (operating range 2.2 V to 6.5 V)
Frequency fx 4 MHz
Start-up time tso 5 ms
Stability Af/f -10 10 ppm
Integrated input / output Cin/ CouTt programmable CiNn 0 20 pF
capacitances in steps of 2 pF
(mask programmable) Cout 0 20 pF
32-kHz crystal oscillator (operating range 2.0 V to 6.5 V)
Frequency fx 32.768 kHz
Start-up time tso 0.5 s
Stability Af/f -10 10 ppm
Integrated input / output Cin/ CouTt programmable CiNn 0 20 pF
capacitances in steps of 2 pF
(mask programmable) Cout 0 20 pF
External 32-kHz crystal parameters
Crystal frequency fx 32.768 kHz
Serial resistance RS 30 50 kQ
Static capacitance Co 15 pF
Dynamic capacitance C1 3 fF
Rev.A1, 09-Nov-99 15 (20)
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Parameters
External 4 MHz crystal parameters
Crystal frequency
Serial resistance
Static capacitance
Dynamic capacitance

Il
U l u

OSCIN OSCOoUT

SCLIN SCLOUT

Test Conditions / Pins

Symbol Min. Typ. Max.
fx 4.0
RS 40 150
Co 14 3
C1 3
_ L ¢ Rs
Equivalent E: :j
circuit
co

Figure 8. Crystal equivalent circuit

2.7 DC Characteristics— Transponder | nterface U3280M
Supply voltage Vpp = 1.810 6.3V, Vss= 0V, Tamp = —40 to 85°C unless otherwise specified

Parameters
Power supply
Operating voltage at Vit
Operating voltage at Vpp
during battery supply
Vpp-limiter voltage during
coil supply
Power management
Field on detection voltage Vpp >1.8V
Field off detection voltage Vpp>1.8V

Voltage drop at power-sup- Is=1mA, Vgt =2V

ply switch

Coil input Cail 1, Coil 2
Cail input current

Cail voltage stroke during  Vcy>5V
modulation

Input capacitance

MOD pin

Input LOW Voltage

Input HIGH Voltage
Input leakage current
NGAP/ FC pin

Vo|_ = O-Z*VDD

VoH =0.8*Vpp

Output LOW current Vpp=20V
Output HIGH current Vpp=20V
EEPROM

Operating current during  Vpp=2V

erase/write cycle

Test Conditions / Pins

Symbol Min. Typ. Max.
VEat 2.0 6.5
VppB VBatVsp
Vbpe 2.4 29 32
VEDon 2.2 25 2.9
V FDoif 0.8
Vsb 300

Ie 20
Vems 18 4.0
CiNn 30
ViH 0.8XVpp Vbop
ek 10
loL 0.08 0.2 0.3

loH —0.06 -0.15 -0.25

Iwr 450

Unit

MHz
Q
pF
fF

Unit

mvV

mA

pF

nA

mA

mA

UA
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2.8 AC Characteristics— Transponder | nterface U3280M

Supply voltage Vpp = 1.8t0 6.5V, Vss= 0V, Tamp = —40 to 85°C unless otherwise specified

Parameters Test Conditions/ Pins  Symbol Min. Typ. Max. Unit
Serial interface timing (internal)
SCL clock frequency (int.) fsc 500 kHz
Serial timing (if SCL and SDA available extern)
SCL clock frequency (ext.) fsoL 0 100 kHz
Clock low time tLow 4.7 us
Clock high time tHIGH 4.0 us
SDA and SCL risetime tr 1000 ns
SDA and SCL fall time te 300 ns
Start condition setup time tsusTa 47 us
Start condition hold time tHDSTA 40 us
Datainput setup time tSuDAT 250 ns
Datainput hold time tHDDAT 0 ns
Stop condition setup time tsusto 47 us
Busfreetime tBUF 4.7 us
Input filter time f 100 ns
Data output hold time tDH 300 1000 ns
Supply voltage Vpp = 1.81t0 6.5V, Vss= 0V, Tamp = 25°C unless otherwise specified
Parameters Test Conditions/ Pins  Symbol Min. Typ. Max. Unit
Coail inputs
Coil frequency fcol 125 kHz
Gap detection
Delay field off togap =0 V coilgap < 0.7 Vpc tFcaPo 10 50 us
Delay fieldontogap =1 V coilFidd> 3 Vbe tFeaPL 1 10 us
Power management
Battery to field switch tBFs 160 650 us
delay
Field to battery switch treS 10 60 ms
delay
EEPROM
Endurance Erase/write-cycles ED 500,000 1,000,000 E/W-
cycles
Data erase/write cycletime for 16 bits access tDEW 9 12 ms
Data erase time tDE 2 1/2 X tpew ms
Dataretention time Tamp = 25°C tDR 10 years
Power-up to read tPUR 0.2 ms
operation
Power-up to write tPuw 0.2 ms
operation
Rev.Al, 09-Nov-99 17 (20)
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3 Package Information

Package SSO20
Dimensions in mm
6.75
6.50
’; iiiii 4
| | | | | | | | | | \ 1.30
| :
il ' T
0.25 1015
0.05
0.6 —
- 5.85
20

4  Ordering Information

4.1 Order Number

Extended Type Number
U9280M-H—-xxxz—FSG3

Remarks:

Customer ROM mask (10,000 US$)

— to be defined by the customer
— lead time: 18 weeks after ROM mask programming and order received

Flash Version

Package
SS020

5.7
53

45
43

,,,,,

0.15

=R

technical drawings
according to DI
specifications

13007

Remarks

> 200 kpcs p.a. taped and reeled

As flash version of the U9280M-H the MARC4 M48C892 is used (available from stock).

Please select the option setting from the list below and insert ROM CRC.

18 (20)
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Port 1 [ Opendrain[P] ] Pull-up strong
BP1IO @ CMOS Pull-up (1 Pull-down strong
[ Opendrain[N][J Pull-down Port 5
1 Opendrain{P] g g“:ggﬁ;ﬁ%m BP50 ] CMOS O Pull-up
] Open dra?n [N] O Pull-down
BP13 EI %MOSd NN EI F;LJJIIII-Lép [ Opendran|[P] E Pu::—LCJip strong
pen aran -aown Pull-down strong
in[P Il-
J Opendran(H] = oo aong BPS1 M CMOS W Pull-up
[ Opendrain[N][J Pull-down
Port 2 [0 Opendrain[P] ] Pu::—LCJip strong
BP20 ] CMOS ] Pull-up (] Pull-down strong
[ Opendrain[N][J Pull-down
; BP52 @ CMOS W Pull-up
[ Opendrain[P] [J Pull-up strong ] Opendran[N] ] Pull-down
W CMOS = ’ [ Opendran[P] [J Pu::—LCJip strong
BP21 M Pull-up (] Pull-down strong
[ Open dra!n [N] O Pull-down BPS3[] CMOS 0O Pull-up
[ Opendrain[P] ] Pull-up strong .
] Pull-down strong [ Opendran[N][] Pull-down
5P W CMOS — [ Opendran[P] J Pull-(t;p strong
-up (] Pull-down strong
[ Opendrain[N][J Pull-down
] Opendrain[P| ] Pull-up strong Port 6
[J Pull-down strong BP60 ] CMOS . ] Pull-up
BP23 ] CMOS O Pull-u [ Open dra!n [N Pull-down
3 OCpendrain(NI ] Pull dgwn ] Opendrain[P| ] Pull-up strong
; [ Pull-down strong
[ Opendrain[P] ] Pull-up strong
] Pull-down strong BP63 ] CMOS ] Pull-up
[ Opendrain[N][J Pull-down
Port 4 [ Opendrain[P] ] Pull-up strong
BP40 ] CMOS . (1 Pull-up ] Pull-down strong
[ Opendrain[N][J Pull-down
[] Opendrain[P] [J Pull-up strong 0OsC1
(] Pull-down strong [ No integrated capacitance
BPA1[] CMOS 0 Pull-up [ Internal capacitance (___ pF)
[d Opendrain[N][] Pull-down
[ Opendrain[P] ] Pull-up strong 0OSsCc?2
(1 Pull-down strong [ No integrated capacitance
BP42[] CMOS ] Pull-up [ Internal capacitance (___ pF)
[J Opendrain[N][] Pull-down
1 Opendrain[F] 8 Euu::-zgvitr:?r%ng ECM (Ext. clock monitor)
i [ Enable
BP43 ] CMOS [ Pull-up [1 Disable
[ Opendrain[N][J Pull-down
File_ ~ _HEX CRC. ~ HEX
Approval Date: - - Signature:
Rev.A1, 09-Nov-99 19 (20)
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Ozone Depleting Substances Policy Statement

It isthe policy of TEMIC Semiconductor GmbH to
1. Meet all present and future national and international statutory requirements.

2. Regularly and continuously improve the performance of our products, processes, distribution and operating systems
with respect to their impact on the health and safety of our employees and the public, as well as their impact on
the environment.

It is particular concern to control or eliminate releases of those substances into the atmosphere which are known as
ozone depleting substances (ODSs).

The Montreal Protocol (1987) and its London Amendments (1990) intend to severely restrict the use of ODSs and forbid
their use within the next ten years. Various nationa and international initiatives are pressing for an earlier ban on these
substances.

TEMIC Semiconductor GmbH has been able to use its policy of continuous improvements to eliminate the use of
ODSs listed in the following documents.

1. Annex A, B and list of transitional substances of the Montreal Protocol and the London Amendments respectively

2. Class| and Il ozone depleting substances in the Clean Air Act Amendments of 1990 by the Environmental
Protection Agency (EPA) in the USA

3. Council Decision 88/540/EEC and 91/690/EEC Annex A, B and C (transitional substances) respectively.

TEMIC Semiconductor GmbH can certify that our semiconductors are not manufactured with ozone depleting
substances and do not contain such substances.

We reserve the right to make changes to improve technical design and may do so without further notice.
Parameters can vary in different applications. All operating parameters must be validated for each customer
application by the customer. Should the buyer use TEMIC Semiconductors products for any unintended or
unauthorized application, the buyer shall indemnify TEMIC Semiconductors against all claims, costs, damages,
and expenses, arising out of, directly or indirectly, any claim of personal damage, injury or death associated with
such unintended or unauthorized use.

Data sheets can also beretrieved from the Internet:  http://www.temic—semi.com

TEMIC Semiconductor GmbH, PO.B. 3535, D-74025 Heilbronn, Germany
Telephone: 49 (0)7131 67 2594, Fax number: 49 (0)7131 67 2423
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