ZMD30010

Z Mo

SEMNSOR IC s LIN-Transceiver

Features

(3 data rate up to 20 kBaud

(3 operation voltage from 6.5 to

Description

The LIN Transceiver ZMD30010 is
an integrated circuit realised in

As an additional capability the
ZMD30010 enables to control

18V DC CMOS technology and packed into a an external  voltage regulator
O low standby current SOP 8 case. which supplies other devices.
consumption The device works as an interface

3 very low electromagnetic
emission

(3 high electromagnetic
immunity

3 low power consumption
in recessive state

(3 local and remote wake-up
function

(3 slew rate control enables
low radio frequency
interferences

(O +4kV ESD protection on
LIN-, WAKE-, VSUP- and
GND-pin

(3 protection against thermal
overload, short circuit and
load dump

between a protocol controller and
the physical bus in a Local
Interconnect Network.

The functionality corresponds to the
"LIN Specification Rev. 1.2".

The ZMD30010 is especially suitable
to drive the bus line in automotive
and industrial applications.

Therefore it is designed to withstand
the particular conditions of an
automotive environment.

The device has an internal voltage
regulator to supply itself.

It is also equipped with a sleep mode
and a wake-up-function in order to
reduce current consumption.

Ordering Information

Device Operation Temperature Range Package
ZMD30010AF -40°C ... 125°C SOP8
Pin Configuration and Description
PIN | Symbol |Description
1 RXD receive data output top view
2 EN sleep control input
normal mode=high
sleep mode=low 1 8
3 WAKE local wake-up input
2 7
4 TXD transmit data input SOPS_
150 mil
5 GND ground 3 5
6 LIN single wire bus input/output
7 VSUP battery supply input 4 5
8 INH battery related inhibit output
to control an external
voltage regulator
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Figure 1: Block Diagram
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Figure 2: State Machine
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Wake Up Events:

1) Internal Node Activity
2) Wake Switch

3) LIN-Bus Wake Up

TSC: three state current
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Figure 3: Flow Diagram State Machine
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Functional Description

Supply Voltage VSUP

The VSUP-pin has to be protected by an external diode against pole interchange of the battery
supply. The protection against galvanic and capacitive coupled transients is realised by a special
internal circuitry combined with the external capacitances Csup, CLIN and CsLAVE.

The nominal supply voltage is between 6.5 and 18 V DC. A voltage control prevents an incorrect bus
transfer below the operating voltage range.

The quiescent current in the sleep-mode amounts to appr. 25 pA. In the normal-mode the quiescent
current amounts to max. 2 mA in the state of dominant LIN-bus.

VSS-PIN

The VSS-pin represents the ground level. Level suspensions < 2.5 V don't influence the data transfer.
A ground loss in the recessive state does not lead to a significant current at the LIN-pin.

LIN-Bus-Pin
The modules receiver and transmitter realise the bidirectional LIN-bus-connection.
Receiver:

The input voltage of the receiver depends on the supply voltage ratiometricly. The threshold amounts
to 0.4 respective 0.6 VSUP with a hysteresis of < 10 % VSUP. The receiver is active in the sleep
mode too. The filter in the input signal path suppresses spikes with a duration of <+ 4 ps.

Transmitter:

The transmitter consists of a low-side-driver supplying 40 mA at a output-voltage of 1.2 V.

It transmits a low level if there is a low level on the TXD-pin. An internal pull-up resistor of 30 kQ
pushes the bus node to the high level in the locked transmitter state.

A diode which is switched in-line to the resistor prevents a reflow current from the bus into the battery
supply line in the case of a local supply loss or a ground level suspension.

The transmitter is only active in the normal-mode. In the sleep-mode and in the wait-mode the
transmitter is tristated.

In the case of short circuits to battery supply or to ground the drivers current limitation begins to work
at 90 mA typically. The driver is also protected against thermal overloads.

In the range from -18 V to 30 V the current VSUP-LIN is determined only by the pull-up-resistor. The
in-line-switched diode prevents a current from the LIN-pin to the VSUP-pin.

A VSUP loss in the recessive driver state does not lead to a significant current at the LIN-pin.

A slope-control adjusts both edges (falling edge from the recessive to the dominant driver state and
rising edge from the dominant to the recessive driver state) to 2V/us typically. As a result the
electromagnetic emission is minimal.

The capacitive LIN-bus-load has to be restricted to a total <10 nF at a total resistance <1 kQ. This is
done to ensure the symmetry of both edges.
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RXD-Pin

This push-pull-output connects the transceiver output to the external protocol controller. A LIN-low-
level is transmitted as a CMOS-low-level. A recessive LIN-state is transmitted as a CMOS-high-level.
The driver is tristated in the sleep-mode.

TXD-Pin

This CMOS-input connects the external protocol controller to the transceiver. A TXD-low-level is
transmitted as a LIN-low-level too. The LIN-driver is tristated if TXD is high. If so than the bus is set to
recessive high using the pull-up-resistor. The TXD-input has an internal pull-up-resistor to VDD which
is switched off in the sleep-mode.

Error Protection:

If the protocol unit does not transmit a defined level than the internal pull-up-resistor sets TXD=high.
As a result the transmitter is tristated.

EN-pin

This input determines the operation mode of the device. EN=high sets the device to the normal-
mode, EN=low sets the device to the sleep-mode reducing the current consumption drastically.

In the sleep-mode the receiver stands in the active state and the driver is tristated. The current
consumption from the battery amounts to 20 pA typically.

If the signal is floating than the EN-pin is held on low by an internal pull-down-resistor. The pull-down-
current is restricted to 25 pA typically. The return into the normal mode is caused by setting EN=high
or by other wake-up-events.

After a power-down the transceiver stands in the wait-mode. If EN is switched to high than the
transceiver switches into the normal-mode.

INH-Pin

The INH-pin ("inhibit-pin") is a high-voltage-output which is controlled by the EN-input. In the normal-
mode and in the wait-mode the inhibit-high-side-driver sets INH=Vsup if EN=high. It also switches on
an external regulator or sets external switches active for an interrupt request. The inhibit-driver-
capability is limited to 280 pA typically.

If EN is set to low than the transceiver switches to the sleep-mode and separates external modules
from Vsup by tristating the INH-pin. A WAKE-UP-event or EN=high sets INH=high.

If applications need an external supply in the sleep-mode too than INH can be activated by switching
EN=high directly. In these cases the INH-output can be used to control an external transistor, e.g. for
the generation of an interrupt request.

WAKE-Pin

The wake-pin is a high-voltage-input. A low-signal from the system (trigger) wakes up the transceiver
from the sleep-mode (local wake-up). An input filter prevents unintended wake-up in the case of
transients. An internal pull-up-resistor to VSUP prevents floating of the pin in the unconnected state.
If the application does not require a local wake-up than the wake-pin has to be connected with VSUP.
The wake-pin needs an external resistor to limit the inverse current in the case of a local ground loss
during wake-up-source=low.
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Wake-Up-Events
There are three methods to wake up the transceiver from sleep-mode:
(1) Wake-up by WAKE-pin active

An internal timer supervises the level at the WAKE-pin. If the WAKE-level falls from WAKE-high to
WAKE-low and stays there for minimal 40 ps than the timer activates the INH-output. The transceiver
switches into the wait-mode.

When the external regulator has reached its output level and the system is ready than the protocol-
controller switches EN=high. The transceiver changes into to the normal-mode and gets ready for bus
transfers.

(2) Wake-up by bus-message:

The reception of a LIN-low-level (minimal 40 us) in the sleep-mode triggers the following wake-up-
sequence:

After about 50 us the transceiver activates the system regulator by setting INH=high and goes to the
wait-mode. After a system reaction time (until regulator and application active) the protocol-controller
sets EN=high. The device switches to the normal-mode and gets ready for bus transfers.

(3) Internal wake-up-activity:

There are systems with an external regulator which is also active in the LIN-transceivers sleep-mode.
If the application of such a system gets active than the protocol controller sets EN=high. The
transceiver switches to normal-mode at once and is ready for the transfer of a wake-up-frame from
the protocol controller to the LIN-bus.

As a result the INH-pin can be used for other purposes, e.g. for an interrupt request.

Internal Regulator

The transceiver has an internal regulator generating an internal voltage Vbb=5V from the battery
supply Vsup. This works in all modi.

In the sleep-mode the regulator changes into an economic-mode. This mode guaranties the supply of
the receiver and the sequence control.

Battery Voltage Control

The battery voltage control is realised indirectly by a power-on-clear-circuit supervising the internal
supply Vob. This circuit gives a signal to the sequence control if the operation voltage falls below
4.5V. In this case a contingent bus transfer can be prevented and the transceiver changes into the
wait-mode.
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Sequence Control

The internal sequence control manages the operation modi and their transient states until the
transceiver is ready for communication (see figure 3).

normal-mode: INH=high, EN=high, bus transfer permitted
sleep-mode: INH tristated, EN=low, only bus reception possible
wait-mode: INH=high, EN=Ilow, bus transfer impossible,

end of the wait-mode by setting EN=high by the protocol controller,
change into the wait-mode from another mode if Vb falls below 4.5 V
or if the junction temperature rises over 150°C

Electromagnetic Compatibility

Emission:

The built-in slope-control adjusts the slew rates to 2 V/us for the rising and the falling edges.
As a result the electromagnetic emission is at a minimum.

Sensitivity:

The pins LIN, WAKE, VSUP and GND are equipped with protective circuits resistant to
electromagnetic imission. The ESD-protection is guaranteed for £4kV (Human Body Model).

The protection against transients (test impulses 1...5 according to ISO 7637/1) is improved by the
external slave- or master-capacitors between VSUP and LIN.

Immunity against short circuits

The LIN-interface is short-circuit-proof against Vsup and ground.
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Electrical Parameters

Maximum Ratings

In accordance with the Absolute Maximum Rating System (IEC 60134)

Electrical Ratings

Parameter Symbol | Min Max Units | Remarks
Continuous VSUP Vsup -0.3 30 V
Transients Vsup 40 V pulse 1...3 1ISO 7637/1
(test circuit figure 8)
Input Voltage LIN
DC VN -18 30 \Y
Transients Vi -150 +100 V pulse 1...3 ISO 7637/1
(test circuit figure 8)
Input Voltages Vin -0.3 6.5 V
TxD, RXD, EN
Input Voltages WAKE
DC VINWAKE -18 30 V
Transients VINWAKE 40 \Y pulse 1...3 1SO 7637/1
(test circuit figure 8)
ESD VEsp -2 +2 KV Human Body Model
at the pins (100pF via 1.5kQ)
TXD, RXD, EN, INH
ESD Vuem -4 4 KV Human Body Model
at the pins 1.5KOhm, 100pF
LIN, VSUP, GND, WAKE
ESD Vum -200 200 Vv Machine Model
at all pins 220pF
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Thermal Ratings
Parameter Symbol |Min Max Units | Remarks
Junction Temperature T, -40 150 °C
Storage Temperature Tste -55 150 °C
Ambient Operation Ta -40 125 °C
Temperature
Thermal Resistance Rrua 150 °C/W | SOP8 (150)
Junction to Ambient in free air
Thermal Shutdown " Tsuut 150 170 °C
Thermal Shutdown " Thyst 20 °C

Hysteresis

Yot tested, guaranteed by design
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Electrical Characteristics

Vsup =6.5...18 V, T, =-40 ...+150 °C, typical values specified for Vsyp= 12V,
Rvsup.Lin = 500 Q (lf not otherwise defined)

Battery Supply VSUP
Parameter Symbol | Min typ. Max Units | Conditions
DC voltage range Vsup 6.5 12 18 V
supply current Ispom 0.7 1.3 2.0 mA EN =5V
in the normal mode, TXD =0V
dominant state Rrxp = =
supply current lsrec 0.4 0.9 1.3 mA EN=5V
in the normal mode, TXD=5V
recessive state Rrxp = =
supply current lsLeep 10 25 50 MA EN =0V
in the sleep mode TXD = 5V
Vi > Vsup - 0.5V
Receive Data Output RXD
Parameter Symbol | Min typ. Max Units | Conditions
Low Level Voltage Vrxoor |0.1 0.15 0.3 \Y EN =5V
Output TXD =0V
IOUT =2mA
High Level Voltage Verxoon |4.3 4.6 50 V EN =5V
Output TXD =5V
IOUT =-2mA
Transmit Data Input TXD
Parameter Symbol |Min Typ Max Units | Conditions
Low Level Voltage VTXDINL 1.4 1.5 1.8 \/ VDD =5V
Input external
High Level Voltage VNH 2.5 5.5 V Vpp = 5V
Input external
Pull Up Current Source | Ipy -20 -28 -35 MA EN =5V
TXD TXD = 0V
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Mode Control Input Enable EN
Parameter Symbol |Min Typ Max Units | Conditions
Low Level Voltage Input | Venine 14 1.5 1.8 V external VDD=5V,
TXD=5V
Input Current Low VENINH 2.5 55 \Y external VDD=5V,
TXD=5V
Pull Down current lepEN 10 20 35 MA EN=4V
ENABLE
Bus Input/Output LIN
Parameter Symbol |Min Typ Max Units | Remarks
Input Low Level Voltage |VgecL 0 0.4 Vsup EN =5V
Receiver TXD =5V
Input High Level Voltage |Vgech 0.6 Vgup Vsup EN =5V
Receiver TXD =5V
Input HyStereSiS VRECHYS 0.05 Vsup 0.1 Vsup \Y EN =5V
Receiver TXD =5V
OUtpUt Low Level V|_|N|_ 0.6 1.1 1.8 V EN = 5V,
Voltage TXD = 0V
Transmitter Rgus= 500Q
Output High Level VUNH 0.8Vgyp Vsup \Y TXD =5V
Transmitter [Ln=0mA
Pull Up Current VSUP to | ILinpu -200 -450 -800 pA Vsup=12V
LIN Vin=0V,
TxD=5V
Output Current Limitation | Iy 70 90 120 mA EN=5V
LIN TxD =0V
Vsup=Vin=12V
Input Current LIN ILINLEAK1 2 8 15 l_,[A VSUP=VLIN
Recessiv TXD=5V
Input Current LIN ILINLEAKZ -1.3 -1.7 2.5 mA V|_|N =-18V
Recessiv, Bus no GND TXD =5V
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Local Wake-up-input WAKE
Parameter Symbol |Min Typ Max Units | Remarks
Wake Up Threshold VWUTHL 0.4 VSUP V EN=0V
High to Low Transition
WAKE Pull Up Current lwupu -2 -8 -15 LA Vwake=0V
Wake Up  Leakage | lwuteak 1 4 8 pA EN=0V
Current Vwake=18V
Vsup=1 8V
Inhibit Output INH
Parameter Symbol |Min Typ Max Units | Remarks
INHIBIT VNHH Vsup—0.5 |Vsup—0.3 | Vsup Vv EN=5V
Output High Level IIng=250uA
INHIBIT IINHLEAK IJ,A EN=0V,
Leakage Current -1 TXD=5V
WAKE=VSUP
=12V
Vine=0V
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TIMING CHARACTERICTICS

VSUP = 6.5...18V, T,=-40...150°C, typical values are specifed for Vgsyp=12V, otherwise unless

defined. For timing characteristics see the test schematic and timing diagrams (fig. 4...6).

LIN-BUS-Interface

Parameter Symbol |Min. Typ. Max. Units | Remarks
LIN Falling Edge Slew 2 V/us | Cgys=10nF
Rate TraLL Rgus=500Q
LIN Rising Edge Slew 2 V/us |Cgys=10nF
Rate Trise Rgus=500Q
LIN Rise/Fall Trise'Tfa”
Symmetry TLINSYM1 -2 +2 MS CBUS=1 OOpF
RBUS=1 KQ
Propagation Delay TrxoLNL 3 V& Cgus=100pF
TXD=Low to LIN=Low Reus=1KQ
Propagation Delay TrxpLINH 3 V& Cgus=100pF
TXD=High to LIN=High Rgus=1KQ
Propagation Delay TLINRXDL 5 VE Cgus=100pF
LIN=Low to RXD=Low Reus=1KQ
CRXD=20pF
RRXD2=2.25KQ
Propagation Delay TLINRXDH 5 MS Cgus=100pF
LIN=High to RXD=High Reus=1KQ
Crxp=20pF
RRXD1=2.25KQ
Propagation Delay | TrxprxoL 8 MS Cgus=10nF
TXD=Low to RXD =Low Rgus=500Q
Crxp=20pF
RRXD1=2.25KQ
Propagation Delay | TrxprxoH 10 V] Cgus=10nF
TXD=High to RXD =High Rgus=500Q
Crxo=20pF
RRXD2=2.25KQ
Bus Wake Up to TLINWAKE 45 MS EN=0V
INH=High
Propagation Delay
WAKE Propagation Delay | Twake 45 VE EN=0V
WAKE to INH=High
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Figure 4: Timing description
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Figure 5: Rise/fall-time description
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Figure 6: Bus Wake Up and WAKE timing description
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Figure 7: Test circuit for timing characteristics
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Figure 8: Test circuit for automotive transients
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The waveforms of the applied transients on pin LIN , WAKE and VSUP are according to ISO 7637
part 1, test pulses 1, 2, 3a, 3b .
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Sales Contacts

Sales Office Dresden

Zentrum Mikroelektronik Dresden AG
Grenzstralie 28

D-01109 Dresden

Germany

Phone +49-351-8822-370

Fax +49-351-8822-337
sales@zmd.de

Sales Office Long Island

ZMD America Inc.

201 Old Country Road
Melville, NY 11747

USA

Phone +1-631-549-2666
Fax +1-631-549-2882
info@zmda.com

Life Support Policy

ZMD products are not designed, intended, or authorised for use as components in systems intended for surgical implant into the body, or
other applications intended to support or sustain life, or for any other application in which the failure of the ZMD product could create a
situation where personal injury or death may occur.

Components used in life-support devices or systems must be expressly authorised by ZMD for such purpose.

Limited Warranty

The information in this document has been carefully checked and is believed to be reliable. However Zentrum Mikroelektronik Dresden
(ZMD) makes no guarantee or warranty concerning the accuracy of said information and shall not be responsible for any loss or damage of
whatever nature resulting from the use of, or reliance upon it. The information in this document describes the type of component and shall
not be considered as assured characteristics.

ZMD does not guarantee that the use of any information contained herein will not infrindge the patent, trademark, copyright, mask work right
or other rights of third parties, and no patent or licence is implied hereby. This document does not in any way extent ZMDs warranty on any
product beyond that set forth in its standard terms and conditions of sale.

ZMD reserves terms of delivery and reserves the right to make changes in the products or specifications, or both, presented in this
publication at any time and without notice.
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