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1. Introduction

The Local Interconnect Network (LIN) is a low-speed, maximum 20 kbit/s, Class-A, serial
bus protocol for automotive applications. A LIN sub-bus is primarily intended for modules
such as steering wheels, seats, doors, roof and switch panels. Its task is to connect
switches, actuators, and sensors into a sub-bus that links to the main bus (e.g. a CAN
bus).

The LIN protocol is based on the UART / SCI serial data link format using 8N1-coded byte
fields. A LIN network consists of one master node and one or more slave nodes. The
medium access is controlled by the master node. An example of a

single-master / multiple-slave concept is shown in Figure 1.

The LIN physical layer is derived from the 1ISO 9141 (see Ref. 3) standard, but contains
enhancements designed to meet the particular operational requirements found in an
automotive environment, in terns of EMC, ESD, etc. The LIN bus is a single-wire, wired
AND bus with a 12 V battery-related recessive level.
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Fig 1. LIN network example

The LIN 1/O slave UJA1023 was developed to provide a fully integrated LIN slave for
common automotive input and output applications. It is suitable for applications such as
switch panels, driving TOPFETSs, reading analog signals or forming an interface to a
microcontroller as part of a stand-alone LIN controller. Figure 1 illustrates application
examples using the LIN I/O slave UJA1023.
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Fig 2. Block diagram

This application note describes the technical implementation of the UJA1023 (see Ref. 1)
as a LIN slave within a LIN network. Its focus is to provide application recommendations
for the design of LIN Electronic Control Units (ECUs) using the LIN I/O slave UJA1023
from NXP Semiconductors, see Figure 2.

2. Hardware design

2.1

211

2111

AN10704_1

Switch applications

The 1/O-pins of the UJA1023 can be used in switch applications in a variety of ways.
Switch application can be implemented in two ways:

* Local switch applications, in which the UJA1023 and its switches use the same
ground/battery path.

* Remote switch applications, in which the UJA1023 and its switches use separate
ground/battery paths.

Local switch applications

A local switch application is an operation where the battery or ground path of the switches
uses the same path as the UJA1023. This is typically the case when the UJA1023 and the
switches are on the same PCB.

Switch to ground

The majority of switch applications are switches or buttons, which are connected to
ground. When the switches and the UJA1023 share the same ground path, the switches
can be connected directly to the 1/O pins of the UJA1023 (see Figure 3 and Figure 4).

© NXP B.V. 2009. All rights reserved.

Application note

Rev. 01 — 6 April 2009 4 of 36



NXP Semiconductors

AN10704

AN10704_1

UJA1023 LIN I/O slave with automatic bit rate detection

Typically, the pull-up current IscHs) (see Ref. 1) of the internal HIGH-side transistor is
sufficient for the switches (see Figure 3). If a higher pull-up current is needed, an external
pull-up resistor Ry, can be added (see Figure 4). The reference voltage, Vi, of the
internal HIGH-side transistor is the applied voltage on pin VIO. So the external pull-up
resistor should also be connected to VIO.

UJA1023

BAT

MODE

CYCLIC/LEVEL VIO

L
T
¢ Isc(HS)

]

FILTER

L
_ﬁl ~

)

}<— Vear

Cpat
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Fig 3. Local switch to ground - internal HIGH-side switch as pull-up
UJA1023 BAT
< VBar
CYCLIC/LEVEL VIO
C
MODE l:]‘ T Coar
L o
¥ Isc(HS) [‘] |
Px
I
010aaa167
Fig 4. Local switch to ground - external pull-up

The current, Ig, through a closed switch is:

Isgeveny = lse(ns) for the applications in Figure 3 and Figure 4,

t
lsoyeticy = lseqhs) X ﬂ;xﬂ) for the application in Figure 3 and
¢y

\Y TE—
Is = lscensy + lou = lsensy + RL‘” for the application in Figure 4
pu

where:
Isc(He) is the HIGH-side short circuit current (see Ref. 1)
ton(pxout) is the Px output turn on time (see Ref. 1)
Tey is the cycle period time (see Ref. 1)

Vet is the reference voltage applied on VIO
Rpu is the external switch pull-up resistor.
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The UJA1023 provides three input thresholds. For switch applications, it is recommended
to use the input threshold Vi1 (see Ref. 1). For small signal inputs with a voltage
reference between 3 V and 5V it is recommended to use the input threshold Vi, (see
Ref. 1). For switch diagnosis it is recommended to use the input threshold Vi3 (see

Ref. 1). The input threshold Vi3 (unlike Vi) is battery-related, which enables it to detect
if a switch with a parallel diagnosis resistor Rp is connected to the I/O pin Px of the
UJA1023 as shown in Figure 5. Table 1 lists the diagnostic states for Vi, and Vi3 for the
circuit shown in Figure 5.

Table 1. Switch diagnosis

Vinh1 Vih3 Diagnosis
HIGH HIGH open 1/O pin
HIGH LOW switch is connected to I/O pin
LOW LOW switch is closed
UJA1023

BAT

}<t— VBar

CYCLIC/LEVEL VIO l J_
MODE T CeaT

I—,H‘ 1 lsc(Hs) )

Px I

I Rp

FILTER

010aaa168

Fig 5. Local switch with diagnosis function

The diagnosis resistor Rp has a value of 2.8 kQ (x 1 %).

2.1.1.2 Switch to battery

Switches are connected to the battery in some applications. Figure 6 and Figure 7 show
typical applications with a local switch to battery where the switch and the UJA1023 share
the same battery path. In the configuration illustrated in Figure 6, the cyclic sense output
mode is configured so that the internal LOW-side transistor of the UJA1023 is used as a

pull-down. The switch current is defined by the pull-down current Is¢(_s) (see Ref. 1) of the
internal LOW-side transistor.

UJA1023 BAT
CYCLIC ]

MODE Cpat
T
% sc(LS)

Fig 6. Local switch to battery - internal LOW-side switch as pull-down

}<G—Vear

010aaa369
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UJA1023 BAT
}<G—Vaar
LEVEL VIO ]
MODE C
I} ﬁ) I BAT
FILTER Px
4 lsc(Ls)
4, de
010aaa169

Fig 7. Local switch to battery - external pull-down

In level mode the internal LOW-side transistor should not be used as the switch pull-down
because the power dissipation of the transistor would be too high. In this situation, an
external pull-down resistor Rpq is recommended (see Figure 7). The value of Rpq depends
on the switch requirements.

The current I through a closed switch is:

t
Isceyclic) = lserLs) - ﬂ_?x—ouq for the application in Figure 6.

cy
Vear iatinn in Ei
Is = I,q = —— for the application in Figure 7.
pd
where:

Isc(Ls) is the LOW-side short circuit current (see Ref. 1)
ton(pxout) is the PxOut pin turned on (see Ref. 1)

Tey is the cycle period time (see Ref. 1)

VgaT is the reference voltage applied on BAT

Rpd is the external switch pull-down resistor.

Switch matrix

The UJA1023 provides a Switch matrix mode to handle situations where more switches
than available I/O pins are required. With a switch matrix, up to 16 switches can be
applied via the 8 I/O pins. Figure 8 shows an example application of a 4 x 4 switch matrix.

Matrices of 4 x 3 and 4 x 2 can also be connected, Table 2 shows the switch allocation
table for Figure 8.

Table 2. Switch allocation

Switch matrix Switches (relating to Figure 8)
4x4 4x3 4x2 SM40 SM41 SM42 SM43
SM50 SM51 SM52 SM53
SM60 SM61 SM62 SM63
SM70 SM71 SM72 SM73
AN10704_1 © NXP B.V. 2009. All rights reserved.
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Fig 8. 4 x 4 Switch matrix

The diodes in Figure 8 are only recommended if the switches are closed simultaneously.
Figure 9 shows how, without the diodes, the wrong switch could be detected.

010aaal72

Fig 9. Switch matrix without diodes

2.1.2 Switch application with different supply path

Switch applications with different supply paths are implementations where the switches
are connected to a ground or battery voltage different from the ECU in the UJA1023: for
example, if a switch is not connected to the ground on the PCB.
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Such switch applications often imply plug connections and long wiring, where ESD
injection risks are higher. The series resistor Rgp (see Figure 11) or Rgy (see Figure 12)
will typically protect the 1/O pin against ESD. For further details, see Section 5.3.

Switch to ground

In a situation where the applied switches have a ground path different from that in the
UJA1023, it is recommended to add a series resistor to protect the 1/0 pins against a
failure of loss of ground. If the ECU loses its ground connection while the switch is still
connected to ground, the series resistor will limit the reverse current through the I/O pin’s
internal protection diode.

Due to the voltage divider between the internal pull-up and a series resistor, the internal
HIGH-side transistor is used as a pull-up and the signal input cannot be realized via one
I/O pin only. The switch pull-up can be realized either via a second 1/O pin (see Figure 10)
or via a resistor connected to the battery (see Figure 11).

UJA1023
BAT
K} VBaT
CYCLC/LEVEL VIO J
MODE ICBAT
—<{=] e L
FILTER
Px
%
LEVEL VIO
MODE
| Rsp
FILTER —3
Px+1 |
{
ECU

010aaa173

Fig 10. Switch with different ground path and internal pull-up

The maximum supply voltage on pin BAT, Vgar(max), and the applications ground shift
Venp-shit between the UJA1023 and the switch principally define the value of series
resistance Rgp. Rgp can be calculated using the following equations:

Rsp(min) <Rsp <Rgp(maxy With
\Y
Rso(min) = m (Ipx(min) =-15 mA, see Ref. 1) and
| Px(min)|
\Y -V . _
Rspmax) = Lt exoman ~[Vonn snir with, for example: Vgyp _shise = 1.5V

||L(Px)(max)|

where (see Ref. 1):
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ViL(th1)(Px)(max) IS the maximum Px LOW level input voltage.
IL(Px)(max) is the maximum Px input leakage current.

Ipx(miny is the minimum DC current on pins PO to P7 (limiting value).

Example: for a maximum ground shift of Vgnp_shit = 1.5 V and a maximum battery voltage
of Veat(max) = 27 V, the range of possible values for Rgp is:

\

R = _BATMax) _ 1 g8k0
SD(min) ||Px(min)|
\ e\ ;
RSD(max) _ JIL(th1)(Px)(max) | GND—shlftl - 100 kQ

||L(Px)(max)|
Therefore a typical value for the series resistor Rgp would be 10 kQ.

Similarly the series resistor Ry, for the 1/O input of the internal HIGH-side transistor in
Figure 10 is calculated from the following equations:

RpuU(min) < I:zpu < Rpu(max) with

\Y
Rou(min) = —|—I'§P5—I—£"—_’9-)5|) (Ipx(min) = —15 MA; see Ref. 1) and
x(min

R _ Vref(min) — RSD ) |IL(Px)(max)| — VIH(thl)(Px)(min) — |VGND—shift
pu(max) —

" pro(ma)

with, for example: Vgyp _shise = 1.5V

where (see Ref. 1):
ViH(th1)(Px)(min) 1S the maximum Px HIGH level input voltage.
Vret(miny 1S the minimum VIO reference voltage.

IL(Px)(max) is the maximum Px input leakage current.

Ipx(miny is the minimum DC current on pins PO to P7 (limiting value).

The external pull-up resistor Ry, in Figure 11 is determined by the requirement for the
current through the switch.

AN10704_1 © NXP B.V. 2009. All rights reserved.

Application note Rev. 01 — 6 April 2009 10 of 36




NXP Semiconductors

AN10704

AN10704_1

UJA1023 LIN I/O slave with automatic bit rate detection

UJA1023 BAT

LEVEL VIO
MODE T Cpar

RsD lpu
FILTER 1 |
Px
}i

ECU

1A
1<t VBAT

010aaa174

Fig 11. Switch with different ground path and external pull-up

2.1.2.2 Switch to battery

For switch applications with different battery paths between the UJA1023 and the
switches, it is recommended to protect the 1/O pins against a loss-of-battery failure via a
series resistor. For loss of battery, where the ECU has lost its battery connection, the
series resistor Rgy limits the reverse current through the internal protection diodes of the

UJA1023. Figure 12 shows a switch application example for a switch with a different
battery path.

UJA1023 BAT 1A

NN l VBaT

LEVEL VIO

MODE %CBAT
e |

Rsu
FILTER Pl —
El

RPD

ECU

010aaal75

Fig 12. Switch with different battery path

The internal LOW-side transistor cannot be used as a switch pull-down because the
internal pull-down transistor and the series resistor Rgy behave together like a voltage
divider. The input signal on Px would be offset by this voltage divider.

The ground shift, Vonp-shift, between the UJA1023 and the switch together with the range
of the battery voltage, Vgat, defines the series resistor Rgy. The range of Rgy is given by
the following equations:

Rsu(miny < Rsu <Rsuy(max) With

\%
Rsu(miny) = —BATMAY) with lpx(max) =15 MA and
||Px(max)|
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ViH(th1)Pxymin) ~ Rep - ||L(Px)(max)|

RSU(max) = with, for example, Rpp = 10 kQ

'L pxo(man)
where (see Ref. 1):
ViH(th1)(Px)(min) 1S the minimum Px HIGH-level input voltage.
I (px)(max) IS the maximum Px input leakage current.
Ipx(max) IS the maximum DC current on pins PO to P7, limiting value.

For example: for an external pull-down resistor Rpp = 10 kQ and a maximum battery
voltage of Vgar = 27 V, the range of Rgy is:

\

R .= _BAT(Max) _ 1 g8kO
SU(min) ||Px(max)|
Vv - ST
Reumar = HLExmin ~ Reo leexmanl _ 360 ey

||L(Px)(max)|
A typical value for Rgyis 10 kQ.

In Figure 12 the external pull-down resistor Rpp is independent of the UJA1023. Any
value required for the switch can be chosen.

LED applications

Light-emitting diodes (LEDs) can be applied to the 1/0O pins of the UJA1023. Depending on
the connection of the cathode either the HIGH-side transistor or the LOW-side transistor is
used to drive the LED application.

HIGH-side output

The UJA1023 HIGH-side transistor is used if the cathode of the LED is wired to ground:
One LED or a chain of LEDs can be connected to Px without a series resistor, but from the
overall on-chip power dissipation and the thermal conditions it could be necessary to
apply a series resistor Rp as shown in Figure 13.

UJA1023 BAT

1A
1<—VBAT

PWM/LEVEL VIO

MODE 'LC
o I_, T BAT
1 lsc(Hs) Rp

)

ALRAVAN

010aaal76

Fig 13. LED driven via HIGH-side output
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The minimum value of the series resistor Rp depends mainly on the 1/O reference voltage
Vvio and the HIGH-side short circuit current Is¢Hs) (see Ref. 1). This can be calculated
from the following equation:

VVIO(max)Isc(HS)(min) - VDminlsc(HS)(min) - PPx(max)
RD(min) = >
Isc(HS)(min)

where:

Vvio(max) is the maximum voltage VIO
Vb(miny is the minimum voltage drop over the LED application
Isc(Hs)(miny IS the minimum Px HIGH-side short circuit current (see Ref. 1)

pr(max) is the maximum Px on-chip power dissipation (see Section 2.5).

2.2.2 LOW-side output

For LED applications where the cathode is wired to a voltage source, such as V¢¢ or
VgaT, the LOW-side transistor is used to drive the LEDs. Due to the high short-circuit
current Is¢Ls) (see Ref. 1) of the LOW-side transistor, a series resistor Rp is
recommended to limit the current. Figure 14 shows an application example where a LED
is driven via the LOW-side transistor.

UJA1023 BAT
? —<—Vear
PWM/LEVEL VIO

MODE I_, VD‘ \\ I CpaT
| Rp
FILTER Px

3 lsce(Ls)
L

010aaal77

Fig 14. LED driven via LOW-side output

The value of series resistor Rp depends primarily on two factors: the LOW-side short
circuit current ls¢sy and the reference voltage Vet of the LED application. The minimum
value of Rp is given by the following equation:

Vref(max)lsc(LS)(max) — VD(min)Isc(LS)(mas) - F)PX(max)

Ro(min) = 2
Isc(LS)(max)
where:
Vref(max) 1S the maximum reference voltage (e.g. Vgar)

Vb(miny is the minimum voltage drop over the LED application

Isc(Ls)(max) IS the maximum Px LOW-side short circuit current (see Ref. 1)
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Ppx(max) I the maximum Px on-chip power dissipation (see Section 2.5).

INH pin

External voltage regulator

The INH output of the UJA1023 can be used to control the inhibit input of one or more
external voltage regulators. Figure 15 shows an INH pin application example.

UJA1023 VOLTAGE
REGULATOR
_BAT VINPUT
EXTERNAL REG.
MODE VIO T CgaT
INH >

010aaal78

Fig 15. INH pin application for voltage regulator with inhibit input

The output of the INH is a battery-related open drain output. Therefore an external
pull-down resistor Rjyy connected to ground is required. This pull-down is typically
integrated within the voltage regulator itself.

Analog-to-Digital Converter (ADC)

Functional description of the ADC

The UJA1023 contains a single ADC. This ADC is a bit stream converter. As shown in
Figure 16, the bit stream converter is basically a feedback loop, where the input voltage
on Px is compared with the reference voltage 0.5Vy,o on VIO and the 1-bit
digital-to-analog converter (DAC) feeds back via INH the rectangle pulse ratio for the
external integrator (Rapc and Capc). The 1-bit code generated in the feedback loop is
converted into an 8-bit code by the decimation filter.

INTERNAL | EXTERNAL
1-Bit INH
DAC
INTERGRATOR
COMPARATOR -
P Px ‘\ O\ ANALOG
) ) N \_/ INPUT
8-bit [ DECIMATION | 1-bit FLIP-
FILTER FLOP 0.5 VIO
0SsC
010aaal79
Fig 16. Feedback loop of bit stream ADC
AN10704_1 © NXP B.V. 2009. All rights reserved.
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The comparator and the 1-bit DAC of the ADC are on-chip, while the adder and the
integrator are connected externally. The 1-bit DAC output on INH is fed via the adder and
the integrator to the comparator input on Px. The adder and the integrator are realized
with an RC combination (Rapc and Capc).

The behavior of the feedback loop can be explained with the help of the ADC application
example in Figure 17:

For a typical startup situation, a small analog input voltage Va (near to 0 V) is applied via
the potentiometer Rp. Assuming that a voltage above the upper switch-over voltage of the
comparator is present on Px, then the output on INH is set to a voltage near to 0 V

(see Figure 18). Now both the analog input voltage V4 and the feedback voltage V|yy are
discharging capacitor Capc. As long as the voltage on Px remains above the lower switch
overvoltage of the comparator, a '1' is clocked into the flip-flop, holding INH LOW. If the
lower switch-over voltage is reached, the comparator output switches to LOW. With the
next active edge of the sampling clock, the flip-flop will store a '0' and the INH output will
be switched to HIGH (a voltage near to V). Now the capacitor Capc will be loaded and
the voltage on Px increases again. A '0" will be stored as long as the voltage stays below
the upper switch overvoltage of the comparator. When the upper switch-over voltage is
reached, the comparator output is set to HIGH and the INH output is switched to LOW
again. Then the cycle starts again.

This example clarifies that the rectangle pulse ratio on the INH output has to compensate
fully the low voltage introduced by the analog input voltage V, in order to be able to
increase the voltage on Px. The same applies for a high analog input voltage, but here the
voltage on the INH output has to be low enough for the compensation.

UJA1023 BAT

\
ADC ref
MODE VIO |

I: I Cref

INH

5 [ e
:

Px Rapc1
| p—
—J
FILTER 7 lv
—_ A
CaDC
0.5 VIO ADC SOURCE =
MUX

010aaa180

Fig 17. INH pin application example for ADC
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Vpx \

0.5 Vyi0 + Voff(ADC)
\ Voff(ADC)
\ / 0.5 Vyio

/ 0.5 Vyio — Voif(ADC)

}«tpr(ADC) . F tof(ADC)

wi | L

Fig 18. Correlation between Px input and INH output

010aaa181

2.3.2.2 External circuit of the ADC

The range of the analog input voltage, Va, depends on the ratio of the external resistors
Rapc1 and Rapco and the reference voltage Vet = Vyio 0n VIO. It can be calculated from
the following equations:

Vaaminy <Va <Va(max) With

vV _ Ryson(max) ¥ Ranc2 —Rapct y Vvio
Acmim =
(min) Ruson(max) + Rabc 2

Ruson(max) ¥ Rapc1 + Rapco

x V
ff(ADC
Ruson(max) + Rabc2 off(ADC)(max)

and
Y _ Rison(max ¥ Rapci + Rapca 5 (Vwo Vv )
A = — Voff(abc
(ma) R son(max) * Rabc 2 OHARC)ma)
where

Vo is the reference voltage on VIO (e.g. Vgat)-

Votiapc)(max) IS the maximum comparator offset voltage 50 mV at Vyo = 12 V
Rison(max) 1S the maximum INH HIGH-level ON-resistance (180 €2)

R son(max) 1S the maximum INH LOW-level ON-resistance (180 ©).

With Rapc1 = Rapc2 and Rpson = Rison @ conversion is achieved, which best transforms
the voltage range of V, into the whole range of achievable digital values:

Ron Vvio Ron+2Rppc

Va> x * Votianc
Ron + RADC 2 Ron + RADC ofi( )

Ron+2Rapc y (Vwo Vv )
= Voit
A Ry + Rapc > off(ADC)
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For the evaluation of the ADC the values Rapci = Rapc2 = 100 kQ and Capc = 10 nF were
chosen. With Rapc = 100 kQ and Rq, = 108 Q (Rapc > Ron) the ratio between R, and
Rapc becomes smaller than one LSB. Hence the ON-resistance of the INH input can be
neglected. As a result the voltage range of V5 can be simplified to:

2Votianc) < Va < Vvio = 2Votiapc)

The external circuit should be connected with the shortest possible wiring to the applied
I/0O pins.

For the above calculation a low-ohmic analog voltage source is assumed. In Figure 17 an
application example with a potentiometer Rp is shown; but typically, a potentiometer is not
a low-ohmic voltage source. Hence it causes a non-linearity between the potentiometer
position 'x' and the analog input voltage Va:

V, 2Rapcr + (1= X)Rp

vo ) = >
VIO 2RpRApcy + 2X(1-X)Rp

XRp

where:
Vvio is the reference voltage on VIO (e.g. Vgar)-

For example: with Rapci = 100 kQ and Rp = 10 kQ, the V4 deviation from the position X'
stays below 0.5 %. Figure 19 shows the impact of the potentiometer value for Rp = 10 kQ
and Rp = 100 kQ.
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Fig 19. Potentiometer voltage deviation from potentiometer position

2.3.2.3 ADC source multiplexer

AN10704_1

For analog-to-digital conversion, only one analog input signal at a time can be applied.
More analog input signals can be converted sequentially via the on-chip ADC source
multiplexer (see Figure 17). With the multiplexer (MUX), up to 8 analog input sources can
be converted.
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The application of more than one ADC input source can have a small impact on ADC
accuracy, because the current through the ON-resistance, Ryson and R son, Can vary
between one and the factor of applied analog input sources. With Rapc = Rapc1 = Rapc2
and Rgn = Ryson = Rison, the ratio between the voltage Vgrgon 0Over Rq, and the reference
voltage Vy o can be calculated with the following equation:

VRon — nRon
Vvyio  2Rapc+ MRy,

where n is the number of ADC input sources (n = 1to 8)

For example: for Rapc = 100 kQ, the ratio between Viqn and Vy,o might be up to 0.4 % if
n = 8. This is in the range of one LSB.

ADC sampling

After each complete reception of both the Synchronization Break (SB) and the following
Synchronization Field (SF), the analog-to-digital conversion is started. Thus the
conversion is triggered independently of the LIN frame identifier. The ADC sampling is
shown in Figure 20.

ID: don’t care \ ID: PxResp \ AD Value N
LIN_|SB IE3IEIEERER Y | sB |[sF || F || B || BF |[ B¢ |[ BF |] cs |
Start l‘ tAD(cyc) ’l T Copy into Response Buffer
| Conversion | | Conversion |
“7 tconv(ADC)"l Store ‘ l
ADC
Register AD Value N-1 X AD Value N X AD Value N+1
010aaa183
Fig 20. ADC sampling

AN10704_1

The converted AD value is stored in an internal ADC register, which is overwritten with
each subsequent AD conversion. The AD value can be read via the UJA1023 LIN
message frame PxResp. The AD value is provided in the 4th Byte Field (BF) of the
PxResp message.

Since the conversion time teonyapc) depends on the oscillator frequency fosc (see Ref. 1),
it can be calculated from the following equation:

N 1024
conv(ADC) — f
0sc

where:
fosc IS the internal oscillator frequency (fosc = 450 kHz to 1 MHz).

The ADC cycle time tcyapc) must be longer than the conversion time teonyanc): Otherwise
the conversion starts again before the previous conversion has been completed. Thus the
minimum cycle time tap(cyc)min), iS given by the minimum oscillator frequency fosc(min):

¢ 1024
cy(ADC)(min) > fosc(min)
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UJA1023 LIN I/O slave with automatic bit rate detection

where:

fosc(min) is the minimum internal oscillator frequency (fosc(min) = 450 kHz).

Power applications

In many cases the UJA1023 can be used for power applications: e.g. lamps, motors, or
heaters can be driven via external power devices like power MOS switches. Since the
number of power devices is almost endless only two applications are shown in the
following sections.

Power MOS application

A power MOS switch typically has a standard logic level interface for 5 V. An adaptation of
the UJA1023 I/O pins to a standard logic level via an external voltage regulator (e.g. Zener
diode) is possible, but typically the I/O pin can use battery-related levels by connecting the
VIO pin to the LIN slave battery supply voltage. In this case a series resistor is placed
between the output of the UJA1023 and the input of the power MOS. A series resistor is
not required in the reverse direction from the power MOS output to the UJA1023 input.
However, some unloaded power MOS outputs (e.g. status signal) may require either
pull-up or pull-down resistors.

An example of an application for a HIGH-side power MOS switch is shown in Figure 21. It
can be seen that a power MOS interface is commonly ESD-protected with on-chip
suppressor diodes. This has to be taken into account for the dimensioning of the series
resistor Ryy. The input voltage V|, and current |} are specified in the data sheets of power
MOS switches.

UJA1023 BAT L

< VBAT

LEVEL

MODE VIO C
le) |_, [] T BAT
Rs
Hlsc(Hs) R

FILTER
X |
IN

I

CONTROL AND
PROTECTION
CIRCUITS

El P
LEVEL VIO
MODE

L POWER MOS (TOPFET)
R High-side switch
FILTER G (e.g. BUK215-50Y)
Px+1

El

Fig 21. Power MOS application example

N
7"
N
Zg "
=

I
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For example: the value of the input series resistor R, in the power MOS application shown
in Figure 21 can be calculated as follows:

R|(min) <R, < R,(max) with
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VBAT(max) — Vl(clamp)(min) and

Rl(min) = |I(max)

RI — VBAT(min)_VI(on)(maX)
(max) Il(on)(max)

where:

Vi(clamp)(miny 1S the minimum IN clamping voltage.
Vi(onymax) 1S the maximum IN turn-on threshold voltage.
li(max) is the maximum IN continuous current.

i (ony(max) is the maximum IN turn-on current.

2.4.2 MOSFET application

The MOSFET application example in Figure 22 shows an N-channel transistor. An
N-channel MOSFET is typically used as a LOW-side power switch. It can be seen that the
battery voltage is applied on the HIGH-level I/O output reference VIO. So the MOSFET is
switched with the battery-related output of the UJA1023. In most cases, the maximum
battery voltage is higher than the maximum transistor gate-source voltage, Vgsmax)-
Therefore, a simple voltage divider (R); & Rj2) may be applied to reduce the voltage levels
between the UJA1023 and the MOSFET gate.

VBAT

UJA1023
RLoaD

Cpar

MODE
|| D
$lsc(HS) Riq | MOSFET
FILTER 1 N-Channel
Px S (e.g. BUK96150-55A)
Ri2 lVGS l

BAT

LEVEL VIO

H—— -

B

010aaa185

Fig 22. MOSFET application example

2.5 Thermal analysis

The maximum power dissipation Pyax Of the UJA1023 depends on the thermal resistance
Rin(-a) (see Ref. 1) of the IC package, the maximum virtual junction temperature Tyjmax)
(see Ref. 1) and the maximum ambient temperature Tambmax)- Rin(-a) IS the ability of the
IC package to disperse heat to its environment and is typically specified for free-air
conditions. The use of large copper planes attached to the GND pin in real-world
applications can reduce the thermal resistance and hence increase the value of the
maximum power dissipation P .
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The power dissipation of the UJA1023 is the sum of the base dissipation and the 1/0 pin
dissipation, P,o. The base power dissipation is independent of external applications. It
depends only on the supply voltage Vgat. The I/O pin dissipation, P,o, is determined by
the external circuitry in the application. This should not exceed Piomax), Which is given by
the following equation:

PIO(max) = Pmax_VBAT(max) X IBAT(b)(max)_VVIO X IVIO(max) with

P — ij(max)_ Tamb(max) and
max Rth(J _a)
|
_ BAT(HS & LS, EN)(max)
lgat(by = 0:45 X Igat(LIN, dom)(max) * N ) and

|
VIO(HS, EN)(max
#ﬁ—?s +M(l

IVIO(max) =N VIO(ADC, EN)(max) — IVIO(HS,EN)(max))

where:

VeaT(max) IS the maximum voltage on pin BAT (see Ref. 1).
IBAT(LIN, dom)(max) 1S the maximum supply current into pin BAT (Normal mode; LIN
sending dominant) (see Ref. 1).

IgAT(Hs & Ls, ENy(max) 1S the maximum supply current into pin BAT (additional current if all
HIGH- and LOW-side switches are activated; see Ref. 1).
N is the number of activated switches (N:=0...8; see Ref. 1).

lvio(Hs, ENy(max) 1S the maximum supply current into pin VIO (HIGH-side switches are
activated; see Ref. 1)

Ivioapc, ENy(max) 1S the maximum supply current into pin VIO (ADC enabled; see

Ref. 1)
M is the number of enabled ADC (M:= 0...1; see Ref. 1).

Tyj(max) IS the maximum virtual junction temperature (K; see Ref. 1).
Tamb(max) 1S the maximum ambient temperature (K).

Rin(j-a) is the thermal resistance (K/Q; see Ref. 1).

The I/O pin power dissipation Pg is the dissipation sum on all I/O pins and the INH pin.

7

Piomax) > Pintmax) * D Pexmax) = Pintmax) * Promax) ¥ Ppimaxyt - + Pp7(max
x=0

where:

P\NH(max) IS the maximum INH on-chip power dissipation
pr(max) is the maximum Px on-chip power dissipation.
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When calculating values for the external I/O components in an application, care should be
taken that the total I/O pin power dissipation is less than Piomay).-

3. Configuration interface of the UJA1023

AN10704_1

3.1 Overview

The UJA1023 configuration is performed in accordance with the LIN 2.0 Diagnostic and
Configuration Specification (see Ref. 2). In the LIN 2.0 Specification (see Ref. 2), the
Packet Data Unit (PDU) structure is applied where the 1st, 2"d and the 3" data bytes
determine the usage of the remaining 5 data bytes. The basic structure of a PDU is shown
in Table 3. Each PDU should include the LIN slave Node ADdress (NAD), the Protocol
Control Information (PCI) and the Service IDentifier (SID) or Response Service IDentifier
(RSID).

Table 3. Packet data unit

Byte Symbol Description

0 NAD Node Address 0: reserved for go-to-sleep-command
Node Address 1 to 126: diagnostic slave node address
Node Address 127: reserved for broadcast (wild cards)
Node Address 128 to 255: free usage (to be compatible to LIN1.3)
1 PCI Protocol Control Information: 4 MSB bits = 0000/

4 LSB bits = number of data bytes

2 SID/RSID (Response) Service Identifier:  determines the contents of the data bytes
3 D1 data depends on SID
4 D2 data depends on SID
5 D3 data depends on SID
6 D4 data depends on SID
7 D5 data depends on SID

The PDU is embedded in the Master Request (MR) and Slave Response (SR) LIN
commands. The LIN frame identifiers are 60 (3Ch) for the MR and 61 (3Dh) for the SR.
The services (SID/RSID) specify the use and contents of the 5 data bytes. Two kinds of
services are defined: SID for MR messages and RSID for SR messages. All LIN 2.0
service identifiers (SID/RSID) are listed in Table 4.

Table 4. Service identifier
SID/RSID (HEX)  Description

BO Request: Assign NAD

FO Response: positive feedback of Assign NAD

B1 Request: Assign Frame ID (mandatory)

F1 Response: positive feedback of Assign Frame ID

B2 Request: Read by Identifier (mandatory)

F2 Response: positive feedback of Read by Identifier

B3 Request: Conditional Change NAD

F3 Response: positive feedback of Conditional Change NAD
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Table 4. Service identifier
SID/RSID (HEX) Description

B4 Request: Data Dump
F4 Response: Data Dump feedback
7F Response: negative feedback

The UJA1023 NAD and LIN Frame identifier configuration can be executed with the

LIN 2.0 configuration services (see Ref. 2) Assign NAD and Assign Frame ID.
Additionally, a confirmation can be received via LIN 2.0 RSID from the UJA1023 for each
transmitted configuration message. Applying this handshaking concept ensures the
correct recognition of the configuration bytes.

The LIN 1/O slave has three configuration input pins which represent the initial NAD
according to LIN 2.0 (see Ref. 2). This allows for the differentiation of eight identical slave
devices via plug coding in one LIN network. The UJA1023 configuration pins can be
routed to the module plug, enabling differentiation between electrically equivalent
modules. Alternatively, the slaves can be configured through a daisy chain NAD
configuration option. This makes it possible to extend the number of slaves in one network
beyond eight identical slave devices.

All hardware-related configuration is realized with the help of the LIN 2.0 configuration
service Data Dump (see Ref. 2). The versatile configuration possibilities of the UJA1023
are covered with three optional messages. Similar to the NAD and Frame ID
configuration, the 1/O port configuration can be reviewed via a SR, the Data Dump
response service. Furthermore, the UJA1023 provides diagnostic data via this response
service.

Table 5.  Overview of configuration services
Name Typ ByteO Bytel Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7

Assign MR Initial PCIHEX: 06 SID HEX: BO NXP ID HEX: 0011 UJA1023 ID HEX: 0000 New NAD
NAD NAD

SR Initial PCIHEX:01 pRSID HEX: FO HEX:FF HEX: FF HEX: FF HEX: FF HEX: FF

NAD
Assign MR NAD PCIHEX:06 SIDHEX:Bl1  NXP ID HEX: 0011 Message ID Frame ID
Frame D gp  NAD  PCIHEX: 01 pRSIDHEX:F1 HEX:FF HEX:FF HEX:FF  HEX:FF  HEX:FF
Readby MR NAD PCIHEX:06 SIDHEX:B2 Identifier ~NXP ID HEX: 0011 UJA1023 ID HEX: 0000
Identifier HEX: 00

SR NAD PCIHEX: 01 pRSID HEX: F2 NXP ID HEX: 0011 UJA1023 ID HEX: 0000  Variant
SR NAD PCIHEX: 03 nRSID HEX: F7 ReqSID  ErrorHEX: HEX: FF HEX: FF HEX: FF

HEX: B2 12
Data MR NAD PCI SID HEX: B4 1/0 Port configuration data
Dump SR NAD PCI RSID HEX: F4 /O port review data / slave diagnosis data

An overview of the UJA1023 configuration services is shown in Table 4. In addition to
these configuration services, the LIN 1/O slave provides two LIN commands for the 1/O
ports. One is used for sending output values to the ports and the other transmits I/O slave
input values to the LIN master.

AN10704_1 © NXP B.V. 2009. All rights reserved.

Application note Rev. 01 — 6 April 2009 23 of 36




NXP Semiconductors AN10704

UJA1023 LIN I/O slave with automatic bit rate detection

A typical configuration flow for the UJA1023 is shown in Figure 23. The configuration flow
is not disturbed if LIN commands other than those shown in Figure 23 are sent to other
LIN slave nodes. Thus the LIN master can transmit other LIN messages while it
(re-)configures the UJA1023. Even when a second MR follows the MR instead of the SR,
the LIN 1/O slave configuration message remains valid. Thus the use of the SR is optional.

Although for the I/O configuration the use of the three data dump configuration services is
optional, the sequence of these services is not optional. Thus if more than one I/O
configuration block has to be transmitted via data dump services, the sequence has to be
in ascending order of the I/O configuration block numbers: for example the 3rd 1/O
configuration data block (see Ref. 1) follows the 2nd I/O configuration block (see Ref. 1).

—

Assign NAD

ophonal command

o required command

Fig 23. Typical configuration flow

Assignment of

Assignment of new UJA1023 frame
UJA1023 node identifier (PxReq & Confi ti f the UJA1023 1/O
address (NAD) PxResp) oniguration ot the pins (PO

Assign Frame Data Dump Data Dump Data Dump
ID (Block1) (Block 2) (Block 3)

010aaa186
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3.2 Node address assignment

With the service Assign NAD (see Ref. 2) it is possible to (re-)configure a NAD of a
dedicated LIN slave if more equal LIN slaves are present. If the Assign NAD is used,
LIN slaves can be distinguished between the Supplier ID, the Function ID and between
their Initial NAD. Table 6 shows the contents of an Assign NAD request.

Table 6.  Assign NAD

DO D1 D2 D3 D4 D5 D6 D7
Initial NAD PCIHEX: SIDHEX: Supplier Supplier Function Function New NAD
06 BO ID LSB ID MSB ID LSB ID MSB

The new NAD of the UJA1023) is assigned when the LIN supplier code of NXP (0011h)
and the UJA1023 function ID (0000h) of the Assign NAD service has been received (see
Ref. 1). The function ID is the unique 16-bit NXP product identifier of the LIN 1/O slave.
This identifier is necessary to differentiate between different LIN slave products from the
same product supplier.

The Initial NAD is like a fixed default node address which cannot be changed via a LIN
command. It makes sure that the NAD as well as Frame ID can be (re)configured if a LIN
slave node has changed or lost its NAD or Frame ID (stored in RAM) in consequence of
EMC, ESD or short supply voltage drops.

Furthermore, the Initial NAD is used to differentiate between similar LIN slaves, e.g. when
more than one UJA1023 is applied in a network. The UJA1023 provides two ways to
make this differentiation: the plug NAD assignment and the daisy chain NAD assignment.
The type of NAD assignment can be distinguished on the Initial NAD. In Table 7 all initial
NADs of the UJA1023 are shown.
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Table 7. Initial NAD
Initial NAD (HEX) Description

08 to OF Plug NAD Assignment (see Section 3.2.1).

20 Daisy chain NAD assignment initialization. Enables daisy chain pull-ups
(see Section 3.2.2).

21 Daisy chain NAD assignment. Assigns the new NAD (see Section 3.2.2).

23 Daisy chain NAD assignment finished. Disable daisy chain pull-ups
(see Section 3.2.2).

70 Physical layer test mode. The input on P6 is put through to the LIN bus (like a
TXD) and the output on P7 represents the LIN bus states (like a RXD).

71 Auto bit rate detection test mode. Received data can be “mirrored” back.

3.2.1 Plug NAD assignment

The plug NAD assignment (see Ref. 1) is the default slave-node address assignment of
the UJA1023, i.e. after power-on the plug NAD assignment is applied automatically. Thus
it is not necessary to perform the assign NAD service (see Ref. 2). Nevertheless a new
NAD can be assigned via the service assign NAD (see Ref. 2) if another NAD than the
default is requested.

The default NAD of the UJA1023 depends on the input levels on the configuration pins.
Table 8 shows the correlation of the default NAD to the configuration pin input.
Furthermore, the Initial NAD for the configuration pin combinations is shown. When the
UJA1023 gets a new NAD, the initial NAD is used within the assign NAD service to
address the LIN slave. The new NAD is assigned only if the Initial NAD matches.

Table 8. Correlation between address pins, initial NAD and default NAD

Address pins Initial NAD (HEX) Default NAD (HEX)
C3 Cc2 C1

0 0 0 08 60

0 0 1 09 61

0 1 0 0A 62

0 1 1 0B 63

1 0 0 ocC 64

1 0 1 oD 65

1 1 0 OE 66

1 1 1 OF 67

All configuration pins have an on-chip pull-up: i.e. the default input is HIGH. Thus a LOW
on a configuration pin can be achieved with a connection to ground.
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Fig 24. Typical addressing for plug NAD assignment

There are two options for addressing the UJA1023 via the plug NAD assignment (see
Ref. 1 and Figure 24):

* Addressing via the plug:
— One or all configuration pins are connected to the plug of the ECU. The
differentiation of the LIN I/O slaves is made via the plug. Each ECU can be

completely identical.

* Addressing on the PCB:

— The differentiation of the LIN I/O slaves is applied on the PCB of the ECU. The
addressing can be realized with hard-wired connections or with assembly options.

3.2.2 Daisy chain NAD assighment

After power-on, the plug NAD assignment is carried out by default. However, once the
UJA1023 receives the service Assign NAD (see Ref. 2), it analyzes the initial NAD

(see Ref. 1). If the initial NAD is Daisy Chain ON, it enables the pull-up on the internal
configuration pins of each UJA1023 respectively. The new NAD is assigned and the
output on C3 is driven LOW, when the initial NAD, and the assigned NAD has been
received via daisy chain and the input level on C1 is LOW. With the initial NAD, Daisy
Chain OFF, the NAD assignment is completed and the pull-up on the configuration pins is

disabled.
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Fig 25. Daisy chain NAD assignment flow
In Figure 25, the typical daisy chain NAD assignment flow is illustrated. First the daisy
chain assignment is initialized, then all LIN I/O slaves are successively configured, and
finally the daisy chain assignment is finished.
The typical wiring of the UJA1023 daisy chain is shown in Figure 26. The configuration pin
C1 of the 1st slave is hardwired to ground and pin C3 is connected to the C1 pin of the
2nd slave. The configuration pin C3 of the 2nd slave is connected to the C1 pin of the 3rd
slave and so on.
UJA1023 UJA1023 UJA1023 UJA1023
- [a] — [a] — [a] - [a]
5586 588 5586 588 5586 588 5255 5838
| | | J | J %‘JNJ
u ECU u ECU u ECU ECU
= =
Plug | | Plug | | Plug | | Plug | |
VBaT
LIN
GND
15t Slave last Slave
010aaa189
Fig 26. Typical daisy chain
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A typical NAD assignment message trace for the UJA1023 daisy chain in Figure 26 is
given in Table 9. It shows that other LIN commands can be sent in between and an SR is
not required.

Table 9.
LIN frame message trace
SB SF 3C 20 06 BO 11 00 00 00 00 19 //Daisy Chain ON(Pull-up ON)

Example of a typical daisy chain NAD assignment message trace

Description

//Optional other LIN commands
SB SF 3C 21 06 B0 11 00 00 00 30 E6 //Assignment NAD via Daisy Chain @ 1st slave with 30 (HEX)
// Optional other LIN commands
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Table 9. Example of a typical daisy chain NAD assignment message trace ...continued

LIN frame message trace Description
SB SF 3C 21 06 BO 11 00 00 00 31 E5 //Assignment NAD via Daisy Chain @ 2nd slave with 31 (HEX)
// Optional other LIN commands

SB SF 3C 21 06 BO 11 00 00 00 46 DO //Assignment NAD via Daisy Chain @ last slave with
46 (HEX)

// Optional other LIN commands
SB SF 3C 23 06 BO 11 00 00 00 00 16 //Daisy Chain OFF (Pull-up OFF)

3.3 LIN frame identifier assignment

The Assign Frame ID service (see Ref. 2) is used to (re-)assign the protected frame
identifiers (see Ref. 2) to the application-specific LIN slave frames. A protected LIN frame
identifier is the Frame identifier together with its parity bits. The configuration service
Assign Frame ID is shown in Table 10.

Table 10. Assign frame ID

DO D1 D2 D3 D4 D5 D6 D7
NAD PCIHEX: SIDHEX: SupplierlD SupplierlID Message Message Protected
06 Bl LSB MSB ID LSB ID MSB ID

The UJA1023 has two application-specific LIN slave frames (see Ref. 1); the PxReq and
the PxResp. The protected frame identifiers are assigned to PxReq and PxResp via a
message identifier. The differentiation between the application specific LIN slave frames is
made via the unique supplier ID (NXP ID) and a unique supplier-dependent message
identifier.

The UJA1023 provides three message identifiers for the protected frame identifier
assignment of PxReq and PxResp. The message identifiers are shown in Table 11. The
message ID 0000h can be used to simultaneously assign both PxReq and PxResp.
Whereas PxReq is assigned with the protected ID in the Assign Frame ID service,
PxResp is automatically assigned with the incremented-by-one protected ID.
Nevertheless with the message identifiers 0001h and 0002h the respective protected
identifiers for PxReq and PxResp can be assigned independently of each other.

Table 11. Message identifier

Message ID LIN I/O slave frames

MSB (HEX) LSB (HEX)

00 00 PxReq and PxResp (= Protected ID +1)
00 01 PxResp

00 02 PxReq

4. The LIN transceiver within the UJA1023

The UJA1023 contains a LIN transceiver according to the LIN 2.0 specification
(see Ref. 2). The general implementation principle is according to the TJA1020 with
several system optimizations dealing with LIN 2.0 options.
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4.1 States of the LIN transceiver
Figure 27 shows the state diagram of the LIN transceiver. It consists of three states; the
Active mode, the Off-line mode and the Failsilent mode. These states are directly coupled
to the main states of the UJA1023. When the LIN I/O slave is in Configuration mode,
Normal mode or Standby mode, the LIN transceiver will be in Active mode. In all other
cases, the LIN transmitter will be in either Off-line mode or Failsilent mode. The state
diagram distinguishes between transitions that are master-controlled and/or automatic.

Active
. RLIN: Rpu(stave)
UJA1023 Active Modes: Tx: ON
- Configuration
- Normal
- Standby L
UN<VTHR " local . UJA1023 enters
for t > tto(dom) wake-up ' Active Mode
; o undervoltage
g ,~ UJA1023 enters O
. ."' Low Power Mode e power-on
UJA1023 Low Power Modes: LIN < VTHR )
- Sleep for t > tio(rec)
- LH Sleep T N
- Limp Home Failsilent \.----="~" "7
RLIN: OFF
Tx: OFF oo, o
LIN> Vitn
for t > tto(dom)
Master controlled or automatic transition
--------- automatic transition
RuN:  LIN slave termination: - Rpy(slave)(typ. 30kOhm)
- lpu(typ. 60pA)
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Fig 27. State diagram of the LIN transceiver

4.1.1 Active mode of LIN transceiver
The Active mode is used for transmitting and receiving data via LIN. In this mode the LIN
slave termination resistor Rpy(siave) (S€€ Ref. 1) is active.

4.1.2 Off-line mode of LIN transceiver
In Off-line mode the LIN transmitter is disabled and the LIN receiver monitors the LIN wire
for wake-up events and LIN to ground short circuit failures. Instead of Rpy(siave)
(see Ref. 1) during Off-line mode pulls the current source Iy, (see Ref. 1) on the LIN bus

to BAT.
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4.1.3 Failsilent mode of LIN transceiver

The Failsilent mode observes the LIN wire for failure recovery. It is entered when the LIN
wire is shorted to ground for more than the bus dominant time-out ti,gom) (S€€ Ref. 1), and
it is quiet when the LIN bus is recessive for more than bus recessive time-out tyyec)

(see Ref. 1). Beside the LIN transmitter, LIN bus termination is also switched off: i.e.
neither the LIN slave termination resistor Rpysiave) (€€ Ref. 1) nor the pull-up current
source Iy, (see Ref. 1) are active.

4.2 LIN failure diagnosis

The UJA1023 distinguishes between the following two failures on its LIN interface:

¢ LIN is clamped dominant, e.g. due to a short circuit between the LIN wire and GND.

* LIN is clamped recessive, e.g. due to a short circuit between the LIN wire and the
battery.

4.2.1 LINbus is clamped dominant

If LIN is shorted to GND the LIN transceiver automatically changes to the Failsilent mode.
In Failsilent mode the LIN bus is floated in order to limit power consumption while the
system is in its LOW-power mode. This failure is detected if the LIN bus wire is shorted to
ground for more than tydom) (see Ref. 1). LIN bus communication is disabled.

If the bus wire becomes recessive for longer than tirec) (S€€ Ref. 1) the current source I,
(see Ref. 1) is enabled and pulls the LIN bus to the recessive state. Additionally each time
the Active mode of LIN is entered the strong LIN slave termination resistor Rpy(slave)

(see Ref. 1) becomes active again.

4.2.2 LINbus is clamped recessive

The LIN Bus is clamped recessive if the LIN bus-wire is shorted to the battery supply
voltage. This failure is detected indirectly when the LIN line remains recessive for longer
than the bus idle time-out time t(qie) (S€€ Ref. 1). In this case the UJA1023 enters the
LOW-power Off-line mode.

4.2.3 Wake-up via LIN

The UJA1023 can be woken up via LIN while the LIN transceiver is in the Off-line mode.
The LIN wake-up (see Ref. 2) is specified as a dominant state for 250 us to 5 ms. A LIN
wake-up is detected when the LIN bus becomes dominant for more than tyake(bus)

(see Ref. 1) followed by a recessive transition on the LIN bus as depicted in Figure 28.
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Fig 28. LIN wake-up

5. ESD aspects

5.1 ESD on LIN bus

5.1.1 General design hints for ESD

The on-chip ESD protection of pin LIN of the UJA1023 is designed to withstand

Vesd(Lin) = = 8 KV (see Ref. 1) according to the Human Body Model (HBM) JESD22 Al114
B (100 pF /1.5 k@) and Vegq = £ 4 kV according to IEC 61000-4-2 (150 pF / 300 Q)

(see Ref. 9). External ESD protection on the LIN bus connection is recommended if the
UJA1023 is subjected to higher ESD pulses. Figure 29 shows a set-up for such external
ESD protection.

The clamping voltage V¢, of the ESD protection diodes should be chosen above the
maximum battery voltage in order to prevent damage if the LIN bus line is shorted to the
battery line. Furthermore, the positive clamping voltage V¢ pos) Should be below the
maximum LIN bus voltage V| ymax) = 40 V (see Ref. 1) and the negative clamping voltage
VcL(neg) Should be above the minimal LIN bus voltage V| ymin) = —27 V (see Ref. 1).

According to the LIN Specification, rev. 2.0 (see Ref. 2), the LIN slave node capacitance
shall be less than Cs avemax) = 250 pF to ground. Together with the inherent capacitance
of an ESD protection device (e.g. suppressor diode Pggp N (See Ref. 10)) this
requirement (< 250 pF) must be fulfilled.
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Fig 29. External ESD protection set-up

The suppressor diodes Dpos and Dygg and the LIN node capacitor Cyy should be placed
as close as possible to the position where the highest ESD injection risk occurs. Typically,
connectors represent the highest possibility for ESD injection.

ESD test results

The test house IBEE (see Ref. 7) has tested the ESD robustness of the UJA1023
according to the LIN EMC Test Specification (see Ref. 6). The ESD test results are shown
in Table 12.

Table 12. ESD test results

Applied components VEsp Reference
Cear Cuin Dros/MNEG Lrerritl (CEREIAD)

100 nF - - - +5.0kV Ref. 7

100 nF 220 pF - - +4.0kV Ref. 7

100 nF 220 pF Pespiun - +11.0 kV Ref. 7

100 nF 220 pF PespiuN MMBZ2012Y202B > 15.0 kV Ref. 7

[1] The ferrite LFERRITE was connected in series and placed between the PESD1LIN and the LIN pin of the
UJA1023.

ESD on configuration pins C1to C3

The configuration pins might be connected to an ECU plug. This is normal for a daisy
chain configuration. Thus the ESD risk can be as high as that on the LIN bus.

The on-chip ESD protection on C1 to C3 is similar to the protection of the LIN bus. They
are designed to withstand Vesq(cx) = + 8 KV (see Ref. 1) according to the human body
model JESD22 A114 B (100 pF / 1.5 k). Hence, on C1 to C3 the same external ESD
protection is recommended as shown in Figure 29 if the configuration pins of the UJA1023
are subjected to higher ESD pulses.
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5.3 ESD on I/O pins PO to P7

The on-chip ESD protection of the I/O pins PO to P7 are designed to withstand
Vesd(other) = = 2 KV (see Ref. 1) according to the human body model JESD22 A114 B
(100 pF / 1.5 kQ). If the 1/O pins are subjected to higher ESD pulses an external
protection is recommended.

For common I/O applications a series resistor is sufficient. ESD tests (see Ref. 7) with a
series resistor of 5.6 kQ on one I/O pin have shown robustness against ESD of more?
than + 6 kV according to IEC 61000-4-2 (150 pF / 300 Q) (see Ref. 9).

Alternatively, if a series resistor cannot be applied, an external ESD protection diode
and/or ferrite can be used.

6. Abbreviations

Table 13. Abbreviations

Acronym Description

ADC Analog-to-Digital Converter

BFByte Field of the LIN frame

Cs Checksum field of the LIN frame

CAN Control Area Network

DAC Digital-to-Analog Converter

ECU Electronic Control Unit

EMC Electro-Magnetic Compatibility

ESD Electrostatic discharge

IF Identifier Field of the LIN frame

LED Light Emitting Diode

LIN Local Interconnect Network

MR Master Request LIN command

MUX Multiplexer

NAD Node Address of a LIN slave

nRSID negative Response Service Identifier
PCB Printed-Circuit Board

PCI Protocol Control Information

PDU Packet Data Unit

pRSID positive Response Service Identifier
RSID Response Service Identifier

SB Synchronization Break of the LIN frame
SCI Serial Communications Interface

SF Synchronization Field of the LIN frame
SID Service Identifier

SR Slave Response LIN command

UART Universal Asynchronous Receiver/Transmitter

1.  Only evaluation up to the given value was possible.
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8. Legal information

8.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences of
use of such information.

8.2 Disclaimers

General — Information in this document is believed to be accurate and
reliable. However, NXP Semiconductors does not give any representations or
warranties, expressed or implied, as to the accuracy or completeness of such
information and shall have no liability for the consequences of use of such
information.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in medical, military, aircraft,
space or life support equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors accepts no liability for inclusion and/or use of
NXP Semiconductors products in such equipment or applications and
therefore such inclusion and/or use is at the customer’s own risk.
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Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from national authorities.

8.3 Licenses

Purchase of NXP components

Not applicable at this time

8.4 Patents

Notice is herewith given that the subject device uses one or more of the
following patents and that each of these patents may have corresponding
patents in other jurisdictions.

Not applicable at this time

8.5 Trademarks

Notice: All referenced brands, product names, service names and trademarks
are the property of their respective owners.
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