Features

¢ Operating Range from 5V to 18 V

¢ Baud Rate up to 20 Kbaud

* Improved Slew Rate Control According to LIN Specification 2.0
¢ Fully Compatible with 3.3 V and 5 V Devices

* Dominant Time-out Function at Transmit Data (TXD)

* Normal and Sleep Mode

¢ Wake-up Capability via LIN Bus (90 ps Dominant)

¢ External Wake-up via WAKE Pin (130 ps Low Level)

¢ Control of External Voltage Regulator via INH Pin

¢ Very Low Standby Current During Sleep Mode (10 pA)

* 60 V Load Dump Protection at LIN Pin (42-V Power Net)

¢ Wake-up Source Recognition

¢ Bus Pin Short-circuit Protected versus GND and Battery

¢ Overtemperature Protection

* High EMC Level

¢ Interference and Damage Protection According to ISO/CD 7637
e ESD HBM 5 kV on LIN Bus Pin, Wake and VS

Description

The ATA6661 is a fully integrated LIN transceiver according to the LIN
specification 2.0. It interfaces the LIN protocol handler and the physical layer. The
device is designed to handle the low-speed data communication in vehicles, e.g., in
convenience electronics. Improved slope control at the LIN bus ensures secure data
communication up to 20 kBaud with an RC-oscillator for protocol handling. In order to
comply with the 42-V power net requirements, the bus output is capable of withstand-
ing high voltages. Sleep mode guarantees minimal current consumption.

Figure 1. Block Diagram
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Pin Configuration

Figure 2. Pinning SO8

Pin Description

ATMEL

/
RXD ] 1 8 [JINH
ENC2 7avs
WAKE [ 3 6 [JLIN
TXD [ 4 5[] GND

Pin Symbol Function
1 RXD Receive data output (open drain)
2 EN Enables normal mode, when the input is open or low, the device is in sleep mode
3 WAKE High voltage input for local wake-up request
4 TXD Transmit data input; active low output (strong pull-down) after a local wake-up request
5 GND Ground
6 LIN LIN bus line input/output
7 VS Battery supply
8 INH iaqt;irgt related inhibit output for controlling an external voltage regulator; active high after a wake-up
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Functional Description

Supply Pin (Vs)

Ground Pin (GND)

Bus Pin (LIN)

Input Pin (TXD)

TXD Dominant Time-out
Function

Output Pin (RXD)

Enable Input Pin (EN)
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Undervoltage detection is implemented to disable transmission if Vg is falling to a value
below 5V to avoid false bus messages. After switching on Vg the IC switches to
pre-normal mode and INHIBIT is switched on. The supply current in sleep mode is
typically 10 pA.

The ATA6661 is neutral on the LIN pin in case of a GND disconnection. It is able to han-
dle a ground shiftupto 3 V for Vg > 9 V.

A low-side driver with internal current limitation and thermal shutdown as well as an
internal pull-up resistor according to LIN specification 2.0 are implemented. The voltage
range is from -27 V to +60 V. This pin exhibits no reverse current from the LIN bus to Vg,
even in case of a GND shift or V;; disconnection. The LIN receiver thresholds are com-
patible to the LIN protocol specification.The fall time (from recessive to dominant) and
the rise time (from dominant to recessive) are slope controlled. The output has a short
circuit limitation. This is a self adapting current limitation; i.e., during current limitation as
the chip temperature increases so the current reduces.

This pin is the microcontroller interface to control the state of the LIN output. TXD is low
to bring LIN low. If TXD is high, the LIN output transistor is turned off. In this case, the
bus is in recessive mode via the internal pull-up resistor. The TXD pin is compatible to a
3.3V and 5V supply.

The TXD input has an internal pull-down resistor. An internal timer prevents the bus line
from being driven permanently in dominant state. If TXD is forced low longer than
tyom > 20 ms, the pin LIN will be switched off to recessive mode.

This pin reports to the microcontroller the state of the LIN bus. LIN high (recessive) is
reported by a high level at RXD, LIN low (dominant) is reported by a low voltage at RXD.
The output is an open drain, therefore, it is compatible to a 3.3 V or 5 V power supply.
The AC characteristics are defined with a pull-up resistor of 5 kQto 5V and a load
capacitor of 20 pF. The output is short-current protected. In unpowered mode
(Vg =0V), RXD is switched off.

This pin controls the operation mode of the interface. If EN = 1, the interface is in normal
mode, with the transmission path from TXD to LIN and from LIN to Rx both active. If
EN = 0, the device is switched to sleep mode and no transmission is possible. In sleep
mode, the LIN bus pin is connected to Vg with a weak pull-up current source. The device
can transmit only after being woken up (see “Inhibit Output Pin (INH)” on page 4).

During sleep mode the device is still supplied from the battery voltage. The supply
current is typically 10 pA. The pin EN provides a pull-down resistor in order to force the
transceiver into sleep mode in case the pin is disconnected.
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Inhibit Output Pin (INH)

Wake-up Input Pin
(WAKE)

Mode of Operation

Remote Wake-up via
Dominant Bus State

ATMEL

This pin is used to control an external switchable voltage regulator having a wake-up
input. The inhibit pin provides an internal switch towards pin Vg. If the device is in normal
mode, the inhibit high-side switch is turned on and the external voltage regulator is acti-
vated. When the device is in sleep mode, the inhibit switch is turned off and disables the
voltage regulator.

A wake-up event on the LIN bus or at pin WAKE will switch the INH pin to the Vg level.
After a system power-up (Vg rises from zero), the pin INH switches automatically to the
Vg level.

This pin is a high-voltage input used to wake-up the device from sleep mode. It is usu-
ally connected to an external switch in the application to generate a local wake-up. If you
do not need a local wake-up in your application, do not connect pin WAKE. A pull-up
current source with typically 10 pA is implemented.

Wake-up events from sleep mode:

* LINbus
e ENpin
*  WAKE pin

Figure 3 on page 5, Figure 4 on page 6 and Figure 5 on page 6 show details of wake-up
operations.

1. Normal mode
This is the normal transmitting and receiving mode. All features are available.

2. Sleep mode

In this mode the transmission path is disabled and the device is in low power
mode. Supply current from Vg, is typically 10 pA. A wake-up signal from the LIN
bus or via pin WAKE will be detected and switches the device to pre-normal
mode. If EN, then switches to high, normal mode is activated. Input debounce
timers at pin WAKE (Tyakg), LIN (Tgys) and EN (Tgjeep Thom) Prevent unwanted
wake-up events due to automotive transients or EMI. In sleep mode the INH pin
is floating. The internal termination between pin LIN and pin Vg is disabled to
minimize the power dissipation in case pin LIN is short-circuited to GND. Only a
weak pull-up current (typical 10 pA) between pin LIN and pin Vg is present.

3. Pre-normal mode
At system power-up, the device automatically switches to pre-normal mode. It
switches the INH pin to a high state, to the Vg level. The microcontroller of the
application will then confirm the normal mode by setting the EN pin to high.

A falling edge at pin LIN, followed by a dominant bus level maintained for a certain time
period (Tgys), results in a remote wake-up request. The device switches to pre-normal
mode. Pin INH is activated (switches to Vg) and the internal termination resistor is
switched on. The remote wake-up request is indicated by a low level at pin RXD to inter-
rupt the microcontroller (see Figure 4 on page 6).
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Local Wake-up via Pin
WAKE

Wake-up Source
Recognition

Figure 3. Mode of Operation

EN=1

Normal Mode
INH: high (INH HS switch ON)
Communication: ON
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A falling edge at pin WAKE, followed by a low level maintained for a certain time period
(Twake), results in a local wake-up request. The extra long wake-up time (T ake)
ensures that no transient, according to ISO7637, creates a wake-up. The device
switches to pre-normal mode. Pin INH is activated (switches to Vg) and the internal ter-
mination resistor is switched on. The local wake-up request is indicated by a low level at
pin RXD to interrupt the microcontroller and a strong pull-down at pin TXD (see Figure 5
on page 6).

The device can distinguish between a local wake-up request (pin WAKE) and a remote
wake-up request (dominant LIN bus). The wake-up source can be read on pin TXD in
pre-normal mode. If an external pull-up resistor (typically 5 kQ) on pin TXD to the power
supply of the microcontroller has been added, a high level indicates a remote wake-up
request (weak pull-down at pin TXD) and a low level indicates a local wake-up request
(strong pull-down at pin TXD).

The wake-up request flag (signalled on pin RXD) as well as the wake-up source flag
(signalled on pin TXD) are reset immediately, if the microcontroller sets pin EN to high
(see Figure 4 on page 6 and Figure 5 on page 6).

a:Vg> 5V
Unpowered Mode, V,_,, =0V b:Vg< 5V

c: Bus wake-up event
d: Wake-up from Wake switch
bT a
\
Pre-normal Mode

INH: high (INH internal High Side switch ON)
Communication: OFF

Go To sleep command
EN=0 ("
Sleep Mode
C Local Wake_up event > INH: hlgh impedance (lNH HS switch OFF)
EN=1

- Communication: OFF

\_

\
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Figure 4. LIN Wake-up Waveform Diagram

LIN bus
) High
INH Low or floating
RXD High or floating Low High
Bus Wake-up filtering time 3
(Taus) 1
777777777777777777 > |
On state i
Voltage Off state |
Regulator i
Regulator Wake-up time t Node In
delay: » Operation
EN High
EN Node In sleep state
Microcontroller start-up time delay
Figure 5. LIN Wake-up from Wake-up Switch
Wake pin State change
INH Low or floating High
RXD High or floating Low High
TXD TXD weak pull-down resistor TXD strong pull down weak
pull down
Wake filtering time i
e Twake 1
! On state '
Voltage Off state |
Regulator i
Regulator Wake-up time i Node In
delay 'Operation
EN High
EN Node In sleep state
Microcontroller start-up time delay
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Absolute Maximum Ratings

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

Parameters Symbol Min. Typ. Max. Unit
Vs -0.3 +40 \%
- Continuous supply voltage
Wake DC and transient voltage (with 33 kQ serial resistor) -18 +40 \Y
- Transient voltage due to ISO7637 -150 +100 \Y
Logic pins (RXD, TXD, EN) -0.3 +6 \
LIN
- DC voltage -27 +60 \
- Transient voltage due to 1ISO7637 -150 +100 \"
INH
- DC voltage -0.3 +40 \Y
ESD HBM
- All pins according to ESD S 5.1 -3 +3 kV
- LIN, WAKE, VBATT versus GND -5 +5 kV
according to LIN specification EMC evaluation
CDM ESD STM 5.3.1-1999 - All pins -500 +500 \Y
FCDM ESD STM 5.3.1 -1000 +1000 \
MM JEDEC A115A -200 +200 \Y
Junction temperature T -40 +150 °C
Storage temperature Tetg -55 +150 °C
Operating ambient temperature Tamb -40 +125 °C
Thermal shutdown 150 165 180 °C
Thermal shutdown hysteresis 5 10 20 °C

Thermal Resistance

Parameters Symbol Value Unit

Thermal resistance junction ambient Rinia 160 KW

ATMEL 7
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Electrical Characteristics

ATMEL

5V < Vg <18V, T,y = -40°C to +125°C

No. |Parameters ‘Test Conditions ‘ Pin ‘ Symbol ‘ Min. ‘ Typ. ‘ Max. ‘ Unit ‘ Type*
1 Vg Pin
1.1 |Nominal DC voltage range 7 Vg 5 13.5 18 \ A
Sleep mode
1.2 |Supply current in sleep mode Vin > Vgay - 0.5V 7 lysstoy 10 20 pA A
Vear < 14V
1.3 Bus recessive 7 lvsrec 3 mA A
Supply current in normal mode |Bus dominant
14 Total bus load > 500 Q 7 Ivsdom 4 mA A
1.5 |Vg undervoltage threshold Vsin 3 5 \'% A
Vs undervoltage threshold
1.6 hysteresis 7 Vsih nys 0.2 Vv A
2 RXD Output Pin (Open Drain)
. Normal mode
2.1 |Low level input current V=0V, Vayp = 0.4 V 1 IrxoL 2 5 8 mA A
2.2 |RXD saturation voltage 5 kQ pull-up resistor to 5 V 1 Vsatgyp 0.4 \ A
. Normal mode
2.3 |High level leakage current 1 | -3 +3 A A
9 9 Vin=Vear Vaxo=5V FXDA H
3 TXD Input Pin
3.1 |Low level voltage input 4 VoL -0.3 +0.8 \ A
3.2 |High level voltage input 4 V1xoH 2 7 Vv A
3.3 |Pull-down resistor Vixp=5V 4 Rrxp 125 250 600 kQ A
3.4 |Low level leakage current Vixp=0V 4 lrxp -3 +3 pA A
Low-level input current at local |Pre-normal mode
3.5 wake-up request Vin= Vear Vwake =0V 4 xowake 2 5 8 mA A
4 EN Input Pin
4.1 |Low level voltage input 2 VenL -0.3 +0.8 \ A
4.2 |High level voltage input 2 VENH 2 7 Vv A
4.3 |Pull-down resistor Ven=5V 2 Ren 125 250 600 kQ A
4.4 |Low level input current Ven=0V 2 len -3 +3 pA A
5 INH Output Pin
. Normal mode
5.1 |High level voltage Iy = -200 pA 8 VINHH Vg-0.8 Vg Vv A
. Sleep mode
5.2 |High level leakage current Vi = 27 V, Vgoy = 27 V 8 IINHL -3 +3 pA A
6 WAKE Pin
. . Vg - Vg +
6.1 |High level input voltage 3 VwaKEH 1SV O.g v \Y A
6.2 |Low level input voltage 3 VwakeL -03V \(;SV \ A
6.3 |Wake pull-up current Vg<27V 3 lwake -30 -10 pA A
6.4 |High level leakage current Vg =27V, Vyake =27V 3 lwake -5 +5 pA A

*) Type means: A = 100% tested, B = 100% correlation tested, C = Characterized on samples, D = Design parameter

8
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Electrical Characteristics (Continued)
5V <Vg< 18V, T, = -40°C to +125°C

No. |Parameters ‘Test Conditions ‘ Pin ‘ Symbol ‘ Min. ‘ Typ. ‘ Max. ‘ Unit ‘ Type*
7 LIN Bus Driver
7.1 |Driver recessive output voltage |Viyp =0V, Iy =0 mA 6 | Vausi O'\? % Vg v
S
79 Driver dominant voltage Vys=7.3V, Rgsq = 500 Q 6 V Losup 12 Vv
VBUSdom_DRV_LosUP B
73 Driver dominant voltage Vys= 18 V, Ry = 500 Q 6 V sup > v
VBUSdom_DRV_HisUP B
7.4 |Driver dominant voltage Vys=7.3V, Ryaq=1000Q | 6 | V sop 1 | 06 v
VBUsdom DRV_LosuP - -
75 Driver dominant voltage Vys= 18V, Riyg= 1000 Q 6 |V wsup 1 08 Vv
VBUSdom_DRV_HiSUP - -
7.6 |Pull-up resistor to Vg The serial diode is 6 Run 20 30 | 60 | ko
mandatory
. oo T =125°C 52 110 mA
- j
77 self a_d?/ptlng current limitation T, = 27°C 6 lus_ L 100 170 mA
BUS ™ TBAT_max T;=-40°C 150 230 | mA
Input leakage current at the Input leakage current
7.8 |receiver, inclusive pull-up Driver off 6 |lsus_Pas_dom -1 mA
resistor as specified Veus=0V, Vgu=12V
Driver off
. 8V <Vgar<18V
7.9 |Leakage current LIN recessive 8V < Vgys< 18V 6 | lgus_pas._rec 20 pA
Veus = Vear
Leakage current at ground loss,
grc:)r:jt;c(;l unit disconnected from GNDpy, o = Vs
710l oss of local ground must not Vaar=12V 6 | leus no_gna 1 + mA
e 0V <Vgyg<18V
affect communication in the
residual network
Node has to sustain the current .
: Vgar disconnected
that can flow under this
7.11 " . Vsup Device = GND 6 lsus 100 pA
condition, bus must remain oV <—\7V'°e <18V
operational under this condition BUS
8 LIN Bus Receiver
. \Y = 0.475x | 0.5 x | 0.525
8.1 |Center of receiver threshold BUS_CNT 6 V, v
(Vth_dom + Vth_rec)/ 2 BUS_CNT VS VS X VS
8.2 |Receiver dominant state Ven=5V 6 VBUsdom -27 Ocsx Vv
. . 0.6 x
8.3 |Receiver recessive state Ven=5V 6 VBusrec Ve 40 \
8.4 |Receiver input hysteresis Vivs = Vin_rec = Vin_dom 6 Vaushys 0'05: % O'\;SX ?(1\335 \%

*) Type means: A = 100% tested, B = 100% correlation tested, C = Characterized on samples, D = Design parameter
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Electrical Characteristics (Continued)
5V <Vg< 18V, T, = -40°C to +125°C

No. |Parameters Test Conditions | Pin | Symbol | Min. | Typ. | Max. | Unit | Type*
9 Internal Timers
Dominant time for wake-up via
91 | N bus P V=0V 6 Taus 30 9 | 150 | s A
9.2 Time of low pulse for wake-up Y -0V 3 T 60 130 200 s A
. via pin WAKE WAKE = WAKE H
Time delay for mode change
9.3 |from pre-normal mode to normal |Vgy =5V 2 Thorm 4 15 15 us A
mode via pin EN
Time delay for mode change
9.4 |from normal mode into sleep Ven=0V 2 Tsleep 2 10 12 us A
mode via pin EN
9.5 |TXD dominant time out timer Vixp=0V 4 Tgom 4 9 20 ms A
Power-up delay between
9.6 |Vg=5VuntilINH switchesto [Vyg=5V Tyvs 200 us A
high
LIN Bus Driver (see Figure 6 on page 11)
10 |Bus load conditions: Load1 small 1 nF 1 k€, Load2 big 10 nF 500 © Rgyp = 5 kQ, Cryp = 20 pF;
The following two rows specifies the timing parameters for proper operation at 20.0 kBit/s.
THReq(max) = 0-744 x Vg
Dom(max) = 0.581 x Vg
10.1 |Duty cycle 1 Vg=7.0Vto 18V D1 0.396 A
tgiy = 50 ps
D1= tbus_rec(min)/(z X tgi)
THReg(min) = 0.422 X Vg
THDom(min) = 0284 X VS
10.2 |Duty cycle 1 Vg=7.0Vto 18V D2 0.581 A
tgiy = 50 ps
D2 = tbusfrec(max)/(2 X tBit)
1 Receiver Electrical AC Parameters of the LIN Physical Layer
LIN receiver, RXD load conditions (Cgyp): 20 pF, Ry, = 5 KQ
Propagation delay of receiver _
111 (see Figure 6 on page 1 1) trecfpd - max(trxfpdr’ trxfpdf) trxfpd 6 ps A
Symmetry of receiver
11.2 |propagation delay rising edge |ty oym =ty par = tx_par trx_sym -2 2 ys A
minus falling edge

*) Type means: A = 100% tested, B = 100% correlation tested, C = Characterized on samples, D = Design parameter

10
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Figure 6. Definition of Bus Timing Parameter
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Figure 7. Application Circuit
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Ordering Information

Extended Type Number Package

Remarks

ATA6661-TAQ SO8

LIN transceiver

Package Information

Package SO8

Dimensions inmm g gg
4.85
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