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ISO 17987/LIN 2.x/SAE J2602 transceiver

1 FEATURES

LIN 2.x/ISO 17987-4:2016 (12V)/SAE 12602

compliant

Baud rate up to 40kBd

Very low ElectroMagnetic Emission (EME)

High ElectroMagnetic Immunity (EMI)

Passive behavior in unpowered state

Input levels compatible with 3.3V and 5V devices

Integrated termination resistor for LIN responder

applications

Very low current consumption in Sleep mode, with

local and remote wake-up support

K-line compatible

Available in SOP8 package and DFN3x3 package

High ESD robustness: +6kV according to IEC 61000-

4-2 for pins LIN, VBAT and WAKE_N

Transmit data (TXD) dominant time-out function

Bus terminal and battery pin protected against

transients in the automotive environment (ISO

7637)

@ Bus terminal short-circuit proof to battery and
ground

@® Thermally protected

2 APPLICATIONS

@ Industrial automation, control, sensors and drive
systems

@ Building, security and climate control automation

@ Telecom base station status and control

3 DESCRIPTION
The HMT1021T is the interface between the Local
Interconnect Network (LIN) commander/responder
protocol controller and the physical bus in a LIN. It is
primarily intended for invehicle sub-networks using
baud rates from 1kBd up to 40kBd and is compliant
with LIN 2.0, LIN 2.1, LIN 2.2, LIN 2.2A, SAE J2602 and
ISO 17987-4:2016(12V).
The transmit data stream of the protocol controller at
the transmit data input (TXD) is converted by the
HMT1021T into a bus signal with optimized slew rate
and wave shaping to minimize ElectroMagnetic
Emission (EME). The LIN bus output pin is pulled HIGH
via an internal termination resistor. For a commander
application, an external resistor in series with a diode
should be connected between pin INH or pin Vgar and
pin LIN. The receiver detects the data stream at the
LIN bus input pin and transfers it via pin RXD to the
microcontroller.

In Sleep mode, the power consumption of the
HMT1021T is very low. In failure modes, the power
consumption is reduced to a minimum.

7
Vear L 4 I ®
¢ WAKE-UP
WAKE_N 3 ® TIMER |
CONTROL » ® 8 INH
—>
A 4
5 SLEEP/ TEMPERATURE
SLP_N L 4 NOTMAL [ PROTECTION
TIMER 6
o < LIN
4 XD AV
D < *—o TIME-OUT
| TIMER ﬂ
1
RXD € BUS
RXD/ [¢ TIMER
INT FILTER 5
< F | FILTER | fm oD

Functional Block Diagram

WWW.gmmicro.com
Copyright © GATEMODE Corp.

-1-

Tel: (+86) 13135660803
Email: sales@gmmicro.com


http://www.gmmicro.com

GATeEMCDE
— REWEF —

HMT1021T
ISO 17987/LIN 2.x/SAE J2602 transceiver

4 Pin Configurations and Functions

HMT1021T
SOP_8 HMT1021T
(Top View) Terminal 1 DFN8
° Indexareé\ (Top View)
RXD [T]1 8[17] INH
RXD [D (gl mnH
stp_n ]2 7[1] vBaT
- SLP_N [2) Gl Vear
WAKE_N [T 3 6[ 1] LIN WAKE_N [3) Cel un
™D [T 4 5[T] GND ™D [4) | eno
Pin Functions
Pins i
TYPEW Description
Name No.
RXD 1 (0] receive data output (open-drain); active LOW after a wake-up event
SLP N 5 | sleep control input (active LOW); controls inhibit output; resets wake up
- source flag on TXD and wake-up request on RXD
WAKE_N 3 | local wake-up input (active LOW); negative edge triggered
TXD 4 | transmit data input; active LOW output after a local wake-up event
GND 52 G ground
LIN 6 AlO LIN bus line input/output
Vear 7 P battery supply voltage
INH 8 0 battery related inhibit output for controlling an external voltage
regulator; active HIGH after a wake-up event

(1) I: digital input; O: digital output; AlO: analog input/output; P: power supply; G: ground.

(2) DFN8 package die supply ground is s connected to both the GND pin and the exposed center pad. The GND pin must
be soldered to board ground. For enhanced thermal and electrical performance, it is recommended that the exposed
center pad also be soldered to board ground.
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5 Specifications
5.1 Absolute Maximum Ratings

Symbol Parameter Conditions MIN MAX UNIT
Vaar battery supply voltagel!l with respect to GND -0.3 +40 V
. Itxo no limitation -0.3 +6 Vv
V1o voltage on pin TXD!Y
Irxp < 500pA -0.3 +7 Vv
. Irxp NO limitation -0.3 +6 Vv
Vrxp voltage on pin RXD!
Irxp < 500pA -0.3 +7 \
Ve o voltage on pin SLP_N! Iste_n NO limitation -0.3 +6 Vv
- Istp_ n < 500pA -0.3 +7 \
VN voltage on pin LIN® with respect to GND, Vgarand Viwake n -40 +40 V
Vwake N | voltage on pin WAKE_N™ -0.3 +40 v
lwake.n | current on pin WAKE_N :Srlrer::ev::;r;(')fm\llm’ﬁ—;;\és'::’)' 03 15 . mA
Vink voltage on pin INH!Y -0.3 Vear+0.3 v
lo(nh) output current on pin INH -50 +15 mA
on pin Vear via reverse polarity
diode/capacitor; on pin LIN via 1nF
coupling capacitor?
Virt transient voltage pulse 1 -100 - v
pulse 2a - 75 Vv
pulse 3a -150 - Vv
pulse 3b - 100 Vv
IEC 61000-4-2 (150pF, 330Q discharge
circuit)®
on pins WAKE_N, LIN and Vgar -6 +6 kv
Human Body Model (HBM)
on any pin¥ -2 +2 kv
VEesp electrostatic discharge voltage| on pins WAKE_N, LIN, Vear and Inu!* -8 +8 kv
Machine Model (MM); 200pF, 0.75uH,
10 Ql6!
on any pin -200 +200 \
Charged Device Model (CDM)/!
on any pin -750 +750 \
Ty virtual junction temperature | 1 -40 +150 °C
Tstg storage temperature 19 -55 +150 °C

(1) The device can sustain voltages up to the specified values over the product lifetime, provided applied voltages (including
transients) never exceed these values.

(2)Verified by an external test house according to LIN Conformance Test Specification Package for LIN 2.1; parameters for standard
pulses defined in ISO 7637.

(3)Verified by an external test house according to LIN Conformance Test Specification Package for LIN 2.1.

(4)According to AEC-Q100-002.

(5)Pins stressed to reference group containing all ground and supply pins, emulating the application circuit (Figure 7). HBM pulse as
specified in AECQ100-002 used.

(6)According to AEC-Q100-003.

(7)According to AEC-Q100-011.

(8)In accordance with IEC 60747-1. An alternative definition of virtual junction temperature is: Tvj = Tamb + P x Rth(vj-a), where
Rth(vj-a) is a fixed value to be used for the calculation of Tvj. The rating for Tvj limits the allowable combinations of power
dissipation (P) and ambient temperature (Tamb).

(9)Tstg in application according to IEC61360-4. For component transport and storage conditions, see instead IEC61760-2
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5.2 Thermal characteristics

Symbol Parameter Conditions!! Typ | Unit
SOP8 package; in free air 93 K/W

Rin(j-a) thermal resistance from junction to ambient
DFN8 package; in free air 54 K/W
v, thermal characterization parameter from SOP8 package; in free air 13 | K/W
e junction to top of package DFNB8 package; in free air 7 K/W

[1]According to JEDEC JESD51-2, JESD51-5 and JESD51-7 at natural convection on 2s2p board. Board with two inner copper layers
(thickness: 35um) and thermal via array under the exposed pad connected to the first inner copper layer (thickness: 70um)

5.3 Static Characteristics

Vear = 5.5V to 27V; T, = -40 °C to +150 °C; Rywun-vean = 500 Q; typical values are given at Vgar = 12V unless otherwise
specified; all voltages are defined with respect to ground; positive currents flow into the IC.[Y.

Symbol | Parameter Test Conditions | Min | Typ | Max | Unit

Supply Characteristics

Sleep mode; Vun = Vaar;
Vwake_n = Vear ; Vixo = 0V; 2 7 10 WA
Vsip N = 0V

Standby mode; bus recessive;

Vinu = Vear; Vun = Vear;
Vwake_n = Vear; Vxo = 0V; 100 180 360 WA
Vsip_n = 0V

Standby mode; bus dominant
Vear = 12V; VINH = 12V;

lgar battery supply current Vun = 0V; Vwake_n = 12V;

V1xp = OV; Vsip n = OV

Normal mode; bus recessive

300 460 1000 HA

Vinu = Vear; Vun = Vaar;
100 180 400 A
Vwake_n = Vear; Vxp = 5V; "
Vsip N =5V

Normal mode; bus dominant

Vear = 12V; Viny = 12V,

Vwake_n = 12V; Vrxp = OV; 0-3 ! 2 mA
Vsip N = 5V
Power-on reset
LOW-level power-on reset
Vin(por)L threshold voltage power-on reset 1.5 2.1 2.9 \
HIGH-level power-on reset
V 1. 2.4 . \Y
th(POR)H threshold voltage 8 33
Viysor power-on reset hysteresis 0.05 03 1 v
voltage
LOW-level Vgar LOW
V i . . \Y
th{VBATLIL threshold voltage 3 3.6 3.9
HIGH-level Vgar LOW
V 3.4 3.9 4.2 \
th{VBATLH threshold voltage
Vear LOW h i
Vipsioary | a7 LOW hysteresis 0.05 | 03 1 v
voltage
Pin TXD
Viu HIGH-level input voltage 3 - 7 Vv
Vi LOW-level input voltage -0.3 - +0.8 \Y
Vhys hysteresis voltage 50 200 400 mV
I - -
Reoy | PUl-down resistance on pin Vixo = 5V 140 | 600 | 1200 | kO
TXD
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5.3 Static Characteristics (Continued)
Vear = 5.5V to 27V; T,; = -40 °C to +150 °C; Ryun-vean = 500Q; typical values are given at Vear = 12V unless otherwise

specified; all voltages are defined with respect to ground; positive currents flow into the IC.[Y.
Symbol Parameter Test Conditions Min Typ Max Unit
I LOW-level input current Vo = 0V -5 - +5 HA
local wake-up request Standby
lo LOW-level output current mode; Vwake_n = 0V; 1.5 - - mA
Vun = Vaar; Vo = 0.4V
Pin SLP_N
ViH HIGH-level input voltage 2 - 7 \
Vi LOW-level input voltage -0.3 - +0.8 \Y
Vhys hysteresis voltage 50 300 700 mV
Reoisto 1 g;l)l;ijown resistance on pin Veto = 5V 140 600 1200 KQ
n LOW-level input current Vsip N = 0V -5 0 +5 HA
Pin RXD(open-drain)
Normal mode Vyn =0V;
lou LOW-level output current Voo = 0.4V 1.5 - mA
ILn HIGH-level leakage current Normal mode Vu = Vesr; -5 0 +5 HA
Vrxp = 5V
Pin WAKE_N
Vin HIGH-level input voltage Vear- 1 - Vear+0.3| V
Vi LOW-level input voltage -0.3 - Vear- 3.3 Vv
lou(t) LOW-level pull-up current Vwake_n = OV -30 -12 -1 UHA
Itn HIGH-level leakage current Vwake N = 27V;Vear = 27V -5 0 +5 UHA
Pin INH
Reu(voAT ) switch-on r.esistance Standby; Normal and Poweron i 20 50 a
between pins Vgarand Iy modes; ling =-15mA;Vear= 12V
Itn HIGH-level leakage current \s/llzjz ?;i:ewm =97V -5 0 +5 HA
Pin LIN
lows. ;Lcj)rnrﬁ:;:?;tt:tt;on for driver x::TF (1)i3/V, Vun = 18V; 20 i 100 mA
Rou pull-up resistance Sleep mode; Vsip n = 0V 50 160 250 kQ
laus paS rec receiver recessive input Vun=12V; Vear =12V, ) ) 10 UA
- leakage current Vo = 5V
s s | 1omkng et imcloging | Normalmodesvio=sv | ool
o pull-up resistor Vi = 0V; Veur = 12V
Vserpioe \(;(i)cl,?fe drop at the serial ::erpD::[le—liplgir with R; 04 i 1.0 v
lsus_no_eno | loss-of-ground bus current Vear = 27V; Vun= 0V -750 - +10 pA
lsus_no_sar | loss-of-battery bus current Vear = 0V; Vun= 27V - - 1 HA
Vgusdom receiver dominant state - - 0.4Vgar \
VBUsrec receiver recessive state 0.6Vear - - \
VBus_cnT receiver center voltage Vgus_ent = (Vausrec + Veusdom) /2 [0.475Veatl 0.5Vear [0.565Vear|  V
Vhvs receiver hysteresis voltage Vhvs = VBusrec - VBusdom - - 0.175Vear| V
Rres responder resistance ;izn\/e;:;egie:'cv(\)/\e/?c;lnj l‘ IZT/ 20 30 47 kQ
Cun capacitance on pin LIN (2l - - 30 pF
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5.3 Static Characteristics (Continued)
Vear = 5.5V to 27V; T,; = -40 °C to +150 °C; Rywun-vean = 500 Q; typical values are given at Vgar = 12V unless otherwise

specified; all voltages are defined with respect to ground; positive currents flow into the IC.[4.
Symbol Parameter Test Conditions Min Typ Max Unit
. N | de; Vixp = 0V;
Vo(dom) dominant output voltage ormatmode; Vo - - 1.4 Vv
VBAT = 70V
Normal mode; Vixp = OV;
- - 2.0 V
VBAT= 18V
Thermal shutdown
h - -
Tisa shutdown junction 2 150 175 200 oc
temperature

5.4 Dynamic characteristics
Vear= 5.5V to 18V; Tvj = -40 °C to +150 °C; Ryun-vean) = 500Q; typical values are given at Vear = 12V, see Figure 6,unless
otherwise specified; all voltages are defined with respect to ground.[.

Symbol | Parameter Test Conditions | Min | Typ | Max | Unit

Duty cycles

Vih(rec)imax) = 0.744 x Vpar;
Vih(dom)(max) = 0.581 X Var;

toit = 50us; Vear= 7V to 18V
[2](3][4][5]

0.396 - -

61 duty cycle 1
ey Vin(rec)(max) = 0.76 X Vear;

Vih(dom)(max) = 0.593 X Var;

tuit = 50us; Vear = 5.5V to 7.0V
[2]1[31[41[5]

Vinrec)imin) = 0.422 X Vpar;
Vihidom)(min) = 0.284 x Vpar:

thit = 50ps; Vear = 7.6V to 18V
[2][41(61(5]

0.396 - -

- - 0.581

62 duty cycle 2
yey Vth(rec)(min) =0.41 x VBAT;

Vth(dom)(min) =0.275 x VBAT,'
tit = 50US; Vear = 6.1V to 7.6V
[2][41[6][5]

Vinh(rec)imax) = 0.778 X Viar;
Vih(dom)(max) = 0.616 x Vpar;
thit = 96us; Vear= 7V to 18V
[31[41(5]

Vih(rec)(max) = 0.797 X Vpar;
Vth(dom)(max) =0.630 x VBAT,'
toit = 96us; Vear = 5.5V to 7V
[31[41(5]

Vih(rec)(min) = 0.389 X Vpar;
Vinidom)(min) = 0.251 x Vpar;
thit = 96us; Vear = 7.6V to
18V4IIls)

Vth(rec)(min) =0.378 x Vgar;
Vth(dom)(min) =0.242 x VBAT,'

tpit = 96S; Vear = 6.1V to 7.6V
[41(6][5]

- - 0.581

0.417 - -

63 duty cycle 3

0.417 - -

- - 0.590

64 duty cycle 4

- - 0.590

Timing characteristics
tf fall time 214 - - 22.5 us
tr rise time 214 - - 22.5 us

difference between rise and fall
time

Atrg Vgar = 7.3VIM -5 - +5 us
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5.4 Dynamic characteristics (Continued)

Vear= 5.5V to 18V; Tvj = -40 °C to +150 °C; Ryun-vean) = 500Q; typical values are given at Vgar = 12V, see Figure 4,

unless otherwise specified; all voltages are defined with respect to ground.!*.

Symbol Parameter Test Conditions Min Typ Max Unit
tix_pd transmitter propagation delay rising and falling!?! - - 6 ps
oy transmitter propagation delay 2] 25 i 425 s

- symmetry
trx_pd receiver propagation delay rising and falling!”! - - 6 us
oo receiver propagation delay 7] Py i 2 s
symmetry
twakeomun | LIN dominant wake-up time Sleep mode!® 30 80 150 us
dominant wake-up time on pin
twake(dom)WAKE_N WAKE_N P P Sleep model 7 30 50 us
time period for mode change
from Sleep, Power-on or

t t | ti ! 2 5 10
gotonorm g0 To hormal time Standby mode to Normal Hs

mode!*”!

tinit(norm) normal mode initialization time | (% 5 - 20 us

time period for mode change

teotosleep go to sleep time from Normal mode to Sleep 2 5 10 ps

model*”!
TXD i ime-
todomO timedommant time-out Viyo = OVI12 27 55 90 ms

[1] All parameters are guaranteed over the virtual junction temperature range by design. Factory testing uses correlated test
conditions to cover the specified temperature and power supply voltage range.
[2] Not applicable for the /10 or A variants of the HMT1021T.

B1s1,63= Lhustrecimin] . Variable tous(rec)min) is illustrated in the LIN timing diagram in Figure 4.

2xty,
[4] Bus load conditions are: Cgys = 1nF and RBUS = 1kQ; Cgys = 6.8nF and RBUS = 660Q; CBUS = 10nF and RBUS = 500Q).
[5] For VBAT > 18V the LIN transmitter might be suppressed. If TXD is HIGH then the LIN transmitter output is recessive.

[6] 52,54 = Lyustrecimax)  Variable thus(rec)max) i illustrated in the LIN timing diagram in Figure 4.
2X tbil
[7] Load condition pin RXD: CRXD = 20pF and RRXD = 2.4kQ.
[8] A falling edge on pin LIN, followed by LOW level of least tmax, followed by a rising edge on pin LIN is guaranteed to trigger a
remote wake-up (see Section 6.6. A LOW level of less than tmin Will not trigger a wake-up event).
[9] A falling edge on pin WAKE_N, followed by a LOW level of least tmax is guaranteed to trigger a local wake-up (Section 6.6). A LOW
level of less than tmin will not trigger a wake-up event.
[10] Mode change is guaranteed to have been completed after tmax and will not be completed before tmin.
[11] LIN transmit and receive functions are guaranteed to have been enabled after tmax and will not be enabled before tmin.
[12] Time-out is guaranteed to have been triggered after tmax and will not be triggered before tmin.

WWW.gmmicro.com
Copyright © GATEMODE Corp.

Tel: (+86) 13135660803
Email: sales@gmmicro.com



http://www.gmmicro.com

— BT ISO 17987/LIN 2.x/SAE J2602 transceiver
|
Vear
— WAKE_N INH }— H ]
100nF '
— SLP_N Py
HMT1021T
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Figure 3. Timing test circuit for LIN transceiver
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Figure 4. Timing diagram LIN transceiver

6 Functional Description

Overview

The HMT1021T is the interface between the LIN commander/responder protocol controller and the physical bus in a
Local Interconnect Network (LIN). The HMT1021T is LIN 2.0, LIN 2.1, LIN 2.2, LIN 2.2A, SAE J2602 and ISO 17987-4:2016
(12V) compliant and provides optimum ElectroMagnetic Compatibility (EMC) performance due to wave shaping of the
LIN output.

The LIN physical layer is independent of higher OSI model layers (e.g., the LIN protocol). Consequently, nodes
containing an ISO 17987-compliant physical layer can be combined, without restriction, with LIN physical layer nodes
that comply with earlier revisions (LIN 1.0, LIN 1.1, LIN 1.2, LIN 1.3, LIN 2.0, LIN 2.1, LIN 2.2 and LIN 2.2A).

6.1 Functional Block Diagram

The HMT1021T supports modes for normal operation (Normal mode), power-up (Power-on mode) and very-low-
power operation (Sleep mode). An intermediate wake-up mode between Sleep and Normal modes is also supported
(Standby mode). Figure 5 shows the state diagram.
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Mode SLP_N TXD(output) RXD INH | Transmitter Remarks
Sleep mode weak pull-down floating floating off no wake-up
request detected
wake-up request
detected; in this
weak pull-down if mode The
Standby mode!™ remote wake-up; . LOwWE! HIGH off microcontroller
strong pull-down if local can read the
wake-up!? wakeup source:
remote or local
wake-up
HIGH: recessive
HIGH: recessive state state Normal J10311
Normal mode LOW: dominant state LOW: dominant HIGH mode R
state
Power-on mode 0 weak pull-down floating HIGH off 5]

[1] Standby mode is entered automatically upon any local or remote wake-up event during Sleep mode. Pin INH and the 30kQ

termination resistor at pin LIN are switched on.

[2] The internal wake-up source flag (set if a local wake-up did occur and fed to pin TXD) will be reset after a positive edge on pin

SLP_N.
[3] The wake-up interrupt (on pin RXD) is released after a positive edge on pin SLP_N.

[4] Normal mode is entered after a positive edge on SLP_N. As long as TXD is LOW, the transmitter is off. In the event of a short-

circuit to ground on pin TXD, the transmitter will be disabled.
[5] Power-on mode is entered after switching on Vear

SWITCHING ON Vpar

TXD:WEAK PULL-DOWN

POWER-ON
INH:HIGH
TERM.=30KQ

RXD:FLOATING

Tistp_n=1)>TcoToNoRM

TRANSMITTER:OFF
NORMAL

INH:HIGH
TERM.=30KQ
RXD:RECEIVE DATA OUTPUT]
\TXD:TRANSMIT DATA INPU
TRANSMITTER:ON

Tstp_n=1)>Teotonom

Tistp_n=1)>TcoToNorM

Tiste_n=0>TeoToseep
SLEEP
INH:FLOATING
TERM.=HIGH OHMIC

STANDBY

RXD:FLOATING TE';';:T'SGCE o
TXD:WEAK PULL-DOWN >
RXD:LOW

TRANSMITTER:OFF
\rXD:WAKE SOURCE OUTPU

TRANSMITTER:OFF

T(wAKE_N=0; AFTER 1-50) >TWALE_N
OR Tiin=0>1;AFTER LIN=0) >TBUS
Figure 5. State diagram
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6.2 Sleep mode

This mode is the most power-saving mode of the HMT1021T. Despite its extreme low current consumption, the
HMT1021T can still be woken up remotely via pin LIN, or woken up locally via pin WAKE_N, or activated directly via pin
SLP_N. Filters at the inputs of the receiver (LIN), of pin WAKE_N and of pin SLP_N prevent unwanted wake-up events
due to automotive transients or EMI. All wake-up events must be maintained for a certain time period (twake(dom)un,

ISO 17987/LIN 2.x/SAE J2602 transceiver

twake(dom)WAKE_N and tgotonorm)-

Sleep mode is initiated by a falling edge on pin SLP_N in Normal mode. To enter Sleep mode successfully (INH becomes
floating), the sleep command (pin SLP_N = LOW) must be maintained for at least tgotosieep.

In Sleep mode the internal responder termination between pins LIN and Vgar is disabled to minimize the power
dissipation in the event that pin LIN is short-circuited to ground. Only a weak pull-up between pins LIN and Vear is
present.

Sleep mode can be activated independently from the actual level on pin LIN, pin TXD or pin WAKE_N. This guarantees
that the lowest power consumption is achievable even in case of a continuous dominant level on pin LIN or a
continuous LOW on pin WAKE_N.

When Vgar drops below the power-on-reset threshold Vinpor), the HMT1021T enters Sleep mode.

6.3 Standby mode

Standby mode is entered automatically whenever a local or remote wake-up occurs while the HMT1021T is in Sleep
mode. These wake-up events activate pin INH and enable the responder termination resistor at the pin LIN. As a result
of the HIGH condition on pin INH the voltage regulator and the microcontroller can be activated.Standby mode is
signalled by a LOW-level on pin RXD which can be used as an interrupt for the microcontroller.

In Standby mode (pin SLP_N is still LOW), the condition of pin TXD (weak pull-down or strong pull-down) indicates the
wake-up source: weak pull-down for a remote wake-up request and strong pull-down for a local wake-up request.
Setting pin SLP_N HIGH during Standby mode results in the following events:

¢ An immediate reset of the wake-up source flag; thus releasing the possible strong pulldown at pin TXD before the
actual mode change (after tgotonorm) is performed

¢ A change into Normal mode if the HIGH level on pin SLP_N has been maintained for a certain time period (tgotonorm)
¢ An immediate reset of the wake-up request signal on pin RXD

6.4 Normal mode

In Normal mode the HMT1021T is able to transmit and receive data via the LIN bus line.The receiver detects the data
stream at the LIN bus input pin and transfers it via pin RXD to the microcontroller (see Figure 1): HIGH at a recessive
level and LOW at a dominant level on the bus. The receiver has a supply-voltage related threshold with hysteresis and
an integrated filter to suppress bus line noise. The transmit data stream of the protocol controller at the TXD input is
converted by the transmitter into a bus signal with optimized slew rate and wave shaping to minimize EME. The LIN
bus output pin is pulled HIGH via an internal responder termination resistor. For a commander application an external
resistor in series with a diode should be connected between pin INH or Vgar on one side and pin LIN on the other side
(see Figure 7).

When in Sleep, Standby or Power-up mode, the HMT1021T enters Normal mode whenever a HIGH level on pin SLP_N
is maintained for a time of at least tgotonorm- The LIN transmit and receive functions are enabled after an initialization
time; tinit(norm)-

The HMT1021T switches to Sleep mode in case of a LOW-level on pin SLP_N, maintained for a time of at least tgotosicep-

6.5 Wake-up

When Vgar exceeds the power-on-reset threshold voltage Vinporys, the HMT1021T enters Power-on mode. Though the
HMT1021T is powered-up and INH is HIGH, both the transmitter and receiver are still inactive.

If SLP_N =1 for t > tgotonorm, the HMT1021T enters Normal mode.

There are three ways to wake-up a HMT1021T which is in Sleep mode:

1. Remote wake-up via a dominant bus state of at least twake(dom)uin

2. Local wake-up via a negative edge at pin WAKE_N

3. Mode change (pin SLP_N is HIGH) from Sleep mode to Normal mode.
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6.6 Remote and local wake-up

A falling edge at pin LIN followed by a LOW level maintained for a certain time period (twake(dom)un) and a rising edge at
pin LIN respectively (see Figure 6) results in a remote wake-up. It should be noted that the time period twake(dom)un IS
measured either in Normal mode while TXD is HIGH, or in Sleep mode irrespective of the status of pin TXD.A falling
edge at pin WAKE_N followed by a LOW level maintained for a certain time period (twake(dom)wake_n) results in a local
wake-up. The pin WAKE_N provides an internal pull-up towards pin Vgar. In order to prevent EMI issues, it is
recommended to connect an unused pin WAKE_N to pin Vear.

After a local or remote wake-up, pin INH is activated (it goes HIGH) and the internal responder termination resistor is
switched on. The wake-up request is indicated by a LOW active wake-up request signal on pin RXD to interrupt the
microcontroller.

ISO 17987/LIN 2.x/SAE J2602 transceiver

— LIN RECESSIVE — Vpar

—f— 0.6Vpar
Vi 0.4Vgar — TWAKE( DOM)LIN——
LIN DOMINANT
GROUND
SLEEP MODE STANDBY MODE

Figure 6. Remote wake-up behavior

6.7 Wake-up via mode transition
It is also possible to set pin INH HIGH with a mode transition towards Normal mode via pin SLP_N. This is useful for
applications with a continuously powered microcontroller.

6.8 Wake-up source recognition

The HMT1021T can distinguish between a local wake-up request on pin WAKE_N and a remote wake-up request via a
dominant bus state. A local wake-up request sets the wake-up source flag. The wake-up source can be read on pin TXD
in the Standby mode. If an external pull-up resistor on pin TXD to the power supply voltage 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 pulldown at pin TXD; much stronger than the external pull-up resistor).The wake-up
request flag (signalled on pin RXD) as well as the wake-up source flag (signalled on pin TXD) are reset immediately
after the microcontroller sets pin SLP_N HIGH.

6.9 TXD dominant time-out function

A TXD dominant time-out timer circuit prevents the bus line from being driven to a permanent dominant state
(blocking all network communication) if pin TXD is forced permanently LOW by a hardware and/or software
application failure. The timer is triggered by a negative edge on pin TXD. If the duration of the LOW-level on pin TXD
exceeds the internal timer value (t(dgommo), the transmitter is disabled, driving the bus line into a recessive state. The
timer is reset by a positive edge on pin TXD.
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6.10 Fail-safe features

Pin TXD provides a pull-down to GND in order to force a predefined level on input pin TXD in case the pin TXD is
unsupplied.

Pin SLP_N provides a pull-down to GND in order to force the transceiver into Sleep mode in case the pin SLP_N is
unsupplied.

Pin RXD is set floating in case of lost power supply on pin Vegar.

The current of the transmitter output stage is limited in order to protect the transmitter against short circuit to pins
VBAT or GND.

A loss of power (pins Vgar and GND) has no impact on the bus line and the microcontroller. There are no reverse
currents from the bus. The LIN transceiver can be disconnected from the power supply without influencing the LIN bus.
The output driver at pin LIN is protected against overtemperature conditions. If the junction temperature exceeds the
shutdown junction temperature Tjsq), the thermal protection circuit disables the output driver. The driver is enabled
again when the junction temperature has dropped below Tjsq)and a recessive level is present at pin TXD.

If Vear drops below VinwearL, @ protection circuit disables the output driver. The driver is enabled again when Vegar >
Vinvearyn and a recessive level is present at pin TXD.

ISO 17987/LIN 2.x/SAE J2602 transceiver

7 Application information
The minimum external circuitry needed with the HMT1021T is shown in Figure 7.

LIN BUS
ECU LINE
BATTERY
+5 V/ |
+3/.)37v | ONLY FOR :
l | COMMANDER |
[
. | NODE :
¢ I X1/ |
I I
V 8 7 I I
* Rxo 1 3| WAKEN [ |
| 1KQ,
MICRO- j7 S
CONTROLLER X0 4 HMT1021T
Px.x 2 6 LIN L
GND 5
» (1)

’ T

Figure 7. Typical application of the HMT1021T

8 Quality information

This product has been qualified in accordance with the Automotive Electronics Council(AEC) standard Q100 Rev-G -
Failure mechanism based stress test qualification for integrated circuits, and is suitable for use in automotive
applications.
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HMT1021T
ISO 17987/LIN 2.x/SAE J2602 transceiver

PACKAGE DIMENSION
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METAL
SYMBOLS MILLIMETER
MIN NOM MAX
A - - 1.75
Al 0.10 0.175 025
A2 1.30 1.40 150
b 0.31 - 0.50
bl 0.30 0.40 0.45
- 0.20 - 0.24
c1 0.19 0.203 021
D 4.80 R = 00
E 5.80 6.00 6.20
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HMT1021T
ISO 17987/LIN 2.x/SAE J2602 transceiver

PACKAGE DIMENSION
DFNS-EP(3x3)

Top view

Side view Bottom view
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Side view
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COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)
SYMBOL MIN NOM MAX
A 0.70 0.75 0.80
Al 0.00 - 0.05
b 0.23 0.28 0.33
c 0.203REF
D 2.925 3.00 3.075
D1 1.40 1.50 1.60
E 2.925 3.00 3.075
E1l 2.20 2.30 2.40
e 0.650BSC
0.25 0.30 0.35
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ORDER INFORMATION

Order number | Package |Marking information Operatlo;a'l;:egrzperature MSL Grade | Ship, Quantity |Green
HMT1021T SOPS8 HMT1021T -40 to 125°C 3 T&R, 2500 Rohs
HMT1021TK DFNS8 HMT1021TK -40 to 125°C 3 T&R, 3000 Rohs
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