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TLD1315EL
3 Channel High-Side Current Source

A=

e RoHS
Qualified
1 Overview
Applications

« Exterior LED lighting applications such as tail/brake light, turn indicator,

position light, side marker,...

+ Interior LED lighting applications such as ambient lighting, interior

illumination and dash board lighting.
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LITIX™ Basic infl neon

TLD1315EL

Overview

Basic Features

+ 3 Channel device with integrated output stages (current sources), optimized to drive LEDs with output
current up to 120 mA per channel

« Low current consumption in sleep mode
« PWM-operation supported via VS- and EN-pin
+ Integrated PWM dimming engine to provide two LED brightness levels without external logic (e.g. uC)

« Output current adjustable via external low power resistor and possibility to connect PTC resistor for LED
protection during over temperature conditions

+ Reverse polarity protection and overload protection
+ Undervoltage detection

+ N-1detection, latched function

+ Wide temperature range: -40°C < 7;< 150°C

+ PG-SSOP-14 package with exposed heatslug
Description

The LITIX™ Basic TLD1315EL is a three channel high side driver IC with integrated output stages. It is designed
to control LEDs with a current up to 120 mA. In typical automotive applications the device is capable to drive
i.e. 3 red LEDs per chain (total 9 LEDs) with a current up to 60 mA, which is limited by thermal cooling aspects.
The output current is controlled practically independent of load and supply voltage changes.

Table 1 Product Summary

Parameter Symbol Value
Operating voltage range Vs(nom) 5.5V..40V
Maximum voltage Vs(max) 40V
Voutx(max)
Nominal output (load) current louTx(nom) 60 mA when using a supply voltage range of 8 V- 18V (e.g.

Automotive car battery). Currents up to /oyg(may POSSIble in
applications with low thermal resistance Ry,

Maximum output (load) current louTx(ma) 120 mA; depending on thermal resistance Ry,
Output current accuracy at R = 12 kQ | k¢ 750 £ 7%
0.1 A

Current consumption in sleep mode | /seep typ)

Protective Functions

o ESD protection

+ Under voltage lock out

« Over Load protection

« Over Temperature protection

» Reverse Polarity protection
Diagnostic Functions

« N-1detection, latched function

+ SCto Vs (indicated by N-1 diagnosis)

Data Sheet 2 Rev. 1.2
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Block Diagram

2 Block Diagram
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] EN Internal

supply
Themal Output
protection control
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L adjustment
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N-1
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LITIX™ Basic
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Pin Configuration
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3 Pin Configuration
3.1 Pin Assignment
vs [T]* O 14 NC
I___________'i
VS ! TLD1315EL | 13 ouT3
1] i 315 |
|
EN ! 12 ouT2
NC ' EP : 1 OUT1
[T i :
PWMI [ L 10 ST
[T i :
|
IN_SET |:|] i___________J 9 GND
N-1 |:|] 8 NC
Figure2 Pin Configuration
Data Sheet 4 Rev. 1.2

2018-04-26



LITIX™ Basic
TLD1315EL

infineon

Pin Configuration

3.2 Pin Definitions and Functions
Pin Symbol Input/ Function
Output
1,2 VS - Supply Voltage; battery supply, connect a decoupling capacitor (100 nF - 1 yF)
to GND
3 EN | Enable pin
4 NC - Pin not connected
5 PWMI 1/0 PWM Input
6 IN_SET 1/0 Input / SET pin; Connect a low power resistor to adjust the output current
7 N-1 1/0 N-1 pin
8 NC - Pin not connected
9 GND - ) Ground
10 ST 1/0 Status pin
11 OuUT1 0 Output 1
12 ouT2 0] Output 2
13 OuUT3 0 Output 3
14 NC - Pin not connected
Exposed |GND - 1) Exposed Pad; connect to GND in application
Pad

1) Connect all GND-pins together.

Data Sheet
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TLD1315EL

General Product Characteristics

4 General Product Characteristics

4.1 Absolute Maximum Ratings

Absolute Maximum Ratings

T; = -40°C to +150°C; all voltages with respect to ground, positive current flowing into pin for input pins (1),
positive currents flowing out of the I/O and output pins (O) (unless otherwise specified)

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. Max.
Voltages
4.1.1 Supply voltage Vs -16 40 v -
4.1.2 Input voltage EN Ven -16 40 v -
4.1.3 Input voltage EN related to Vg Vens) Vs-40 Vs+16 |V -
4.1.4 Input voltage EN related to Vg1, Ven - -16 40 % -
VEN - VOUTX VOUTx
4.1.5 Output voltage Vourx -1 40 v -
4.1.6 Power stage voltage Vps -16 40 % -
Vs = Vs - Voury
4.1.7 Input voltage PWMI Vewmi -0.3 6 % -
4.1.8 IN_SET voltage Vin ser |-0.3 6 v -
4.1.9 N-1voltage Vi -0.3 6 v -
4.1.10 |Statusvoltage Ver -0.3 6 v -
Currents
4.1.11 IN_SET current I _seT - 2 mA |-
- 8 Diagnosis output
4.1.12 N-1 current Iy -0.5 0.5 mA |-
4.1.13 Output current loutx - 130 mA |-
Temperatures
4.1.14 Junction temperature T, -40 150 °C -
4.1.15 Storage temperature Tsg -55 150 °C -
ESD Susceptibility
4.1.16 | ESD resistivity to GND Vesp -2 2 kv Human Body
Model (100 pF via
1.5kQ)?
4.1.17 ESD resistivity all pins to GND Veso -500 500 \% comd
4.1.18 ESD resistivity corner pins to GND Veso -750 750 \Y comd

1) Notsubject to production test, specified by design
2) ESD susceptibility, Human Body Model “HBM” according to ANSI/ESDA/JEDEC JS-001-2011
3) ESD susceptibility, Charged Device Model “CDM” according to JESD22-C101E

Note: Stresses above the ones listed here may cause permanent damage to the device. Exposure to absolute

maximum rating conditions for extended periods may affect device reliability.
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TLD1315EL

General Product Characteristics

Note: Integrated protection functions are designed to prevent IC destruction under fault conditions described in
the data sheet. Fault conditions are considered as “outside” normal operating range. Protection functions
are not designed for continuous repetitive operation.

4.2 Functional Range
Pos. Parameter Symbol Limit Values Unit | Conditions
Min. Max.
4.2.19 |Supply voltage range for Vsinom) |55 40 Y -
normal operation

4.2.20 |Power on reset threshold Vsipor)y | = 5 v Ven=Vs
Rer=12kQ
IOUTx =80% IOUTx(nom)
Voury =2.5V

4.2.21 |Junction temperature T, -40 150 °C -

Note: Within the functional range the IC operates as described in the circuit description. The electrical
characteristics are specified within the conditions given in the related electrical characteristics table.

4.3 Thermal Resistance

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. Typ. Max.

43.1 |Junction to Case Rinsc - 8 10 K/w D2

4.3.2  |Junction to Ambient 1s0p board | Ry, a1 K/w D3
- 61 - T,=85°C
- 56 - T,=135°C

43.3 | Junction to Ambient 2s2p board | Ry, 0 K/w | V4
- 45 - T,=85°C
- 43 - T,=135°C

1) Not subject to production test, specified by design. Based on simulation results.

2) Specified Ry, ,c value is simulated at natural convection on a cold plate setup (all pins and the exposed Pad
are fixed to ambient temperature). T, = 85°C, Total power dissipation 1.5 W.

3) The Ry, s Vvalues are according to Jedec JESD51-3 at natural convection on 1s0p FR4 board. The product
(chip + package) was simulated on a 76.2 x 114.3 x 1.5 mm?®board with 70 um Cu, 300 mm? cooling area.
Total power dissipation 1.5 W distributed statically and homogenously over all power stages.

4) The Ry, avalues are according to Jedec JESD51-5,-7 at natural convection on 2s2p FR4 board. The product
(chip + package) was simulated on a 76.2 x 114.3 x 1.5 mm®board with 2 inner copper layers (outside 2 x
70 um Cu, inner 2 x 35 um Cu). Where applicable, a thermal via array under the exposed pad contacted the
first inner copper layer. Total power dissipation 1.5 W distributed statically and homogenously over all
power stages.
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5 EN Pin

The EN pin is a dual function pin:

Internal Supply

Output Control
EN
[_l
] _

VEN

Figure3  Block Diagram EN pin

Note: The current consumption at the EN-pin I, needs to be added to the total device current consumption. The
total current consumption is the sum of the currents at the VS-pin I and the EN-pin Ig,.

5.1 EN Function

If the voltage at the pin EN is below a threshold of Vi the LITIX™ Basic IC will enter Sleep mode. In this state
allinternal functions are switched off, the current consumption is reduced to /5 e, A vOltage above Vg, at
this pin enables the device after the Power on reset time tpg.

VST
»
VENT t
»
t »
lourd < [PoR >
100%
80%
A -
t »
Figure4 Poweronreset
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TLD1315EL
EN Pin

5.2 Internal Supply Pin

The EN pin can be used to supply the internal logic. There are two typical application conditions, where this
feature can be used:

1) In “DC/DC control Buck” configurations, where the voltage V can be below 5.5V.

2) In configurations, where a PWM signal is applied at the Vbatt pin of a light module. The buffer capacitor Cg ¢
is used to supply the LITIX™ Basic IC during Vbatt low (V, low) periods. This feature can be used to minimize
the turn-on time to the values specified in Pos. 10.2.15. Otherwise, the power-on reset delay time t,qs
(Pos. 6.3.8) has to be considered.

The capacitor can be calculated using the following formula:

Tenes
Chur = fLow(max) - Ve Vo, (_ V)S(POR) (1)

See also a typical application drawing in Chapter 11.

-
L

(7))

>

EN Internal N
supply
0OUT3

Themal Output N
protection control
0UT2
IN_SET Current
adjustment
OuT1

LITIX™ Basic

Rser

oo

Figure5 External circuit when applying a fast PWM signal on Vg1
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20%
/ >
t

Figure6  Typical waveforms when applying a fast PWM signal on Vg ;;

The parameter tyy s, is defined at Pos. 10.2.15. The parameter ts) depends on the load and supply voltage
Vgarr Characteristics.

5.3 EN Unused

In case of an unused EN pin, there are two different ways to connect it:

5.3.1 EN-PullUp to VS

The EN pin can be connected with a pull up resistor (e.g. 10 kQ) to V, potential. In this configuration the
LITIX™ Basic IC is always enabled.

5.3.2 EN - Direct Connection to VS

The EN pin can be connected directly to the VS pin (IC always enabled). This configuration has the advantage
(compared to the configuration described in Chapter 5.3.1) that no additional external component is
required.

Data Sheet 10 Rev. 1.2
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6 PWMI Pin
The PWMI pin is designed as a dual function pin.

lpwm (L)
l Output Control

=

The pin can be used for PWM-dimming via a push-pull stage of a micro controller, which is connecting the

PWMI-pin to a low or high potential.

Note: The micro controller’s push-pull stage has to able to sink currents according to Pos. 6.3.18 to activate the
device.

PWMI

Figure7  Block Diagram PWMI pin

Furthermore, the device offers also an internal PWM unit by connecting an external-RC network according to
Figure 10.

6.1 PWM Dimming

APWM signal can be applied at the PWMI pin for LED brightness regulation of all 3 output stages. The dimming
frequency can be adjusted in a very wide range (e.g. 400 Hz). The PWMI pinis low active. Turn on/off thresholds
Vowmi @and Veywiw) are specified in parameters Pos. 6.3.15 and Pos. 6.3.16.

VPWMI‘\
A .
t >
| A tON(PWMI) tOFF(PWMI)
ouT - > B -
100%
80%
20%
/ \ »
t
Figure 8  Turn on and Turn off time for PWMI pin usage
Data Sheet 11 Rev. 1.2
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TLD1315EL

PWMI Pin

6.2 Internal PWM Unit

Connecting aresistor and a capacitor in parallel on the PWMI pin enables the internal pulse width modulation
unit. The following figure shows the charging and discharging defined by the RC-network according to
Figure 10 and the internal PWM unit.

A
VPWMI

Outputs OFF

Internal PWM

VewwmiH) =

Vewwmi) =

Outputs ON

. OUT - OFF - OUT - OFF . OUT - OFF . OUT - OFF

Figure9 PWMI operating voltages

The PWM Duty cycle (DC) and the PWM frequency can be adjusted using the formulas below. Please use only
typical values of Vo Vewmy @and Ipwmion) fOr the calculation of toymion) @nd towwmior (@s described in
Pos. 6.3.15 to Pos. 6.3.18).

v, -1 ‘R

towmicon) = —Rpwmr - Cowmi - LN[ PWMICD IPWMI(OH) RPWMI] (2)
Vewmiw) — Lpwmicon) - Rewmit

t =R C LN —-—-—-—-—-—VPWMI(H) (3)

PWMI(of) = Lpwmi Cpwmr 2N

- 1
fowmt = (4)
fpwMI(on) T IPWMI(off)
DC = tPWMI(on) 'fPWMl (5)

Out of this equations the required Cpy\, @and Rpyyy €an be calculated:

tPWMI(on)
t
J P . [VPWMI(Lj PWMl(off')71
PWMI(on) " FPWMICoft) " |
PWMI(H
Cowmi = / (6)
PWMI(on
Vewmiw Vewmiw Erwnorn
LN["""‘(—) 1 VewMmiwy - I—/"""'L"l = Vewmiam
PWMI(H PWMI(H
IpwMI(of
Rpwmr = (ij) (7)
PWMI(H
CPWMI'LN[—()J
PWMI(L)
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PWMI Pin

See Figure 10 for a typical external circuitry.

Note: In case of junction temperatures above T gy (Pos. 10.2.16) the device provides a temperature dependent
current reduction feature as descirbed in Chapter 10.1.1. In case of output current reduction |, g1 is
reduced as well, which leads to increased turn on-times ey o), because the Cpyy, is charged slower. The
turn off-time toy . remains the same.

| Veatr
[J & &
LGND 1 S o
= 2
EN Internal ||
supply >
Themal | | OUT3[]
tecti
PWMI protection Output =-
control
:I:N-1 OUT2[

L

Current | | 4’-
adjustment OUT1[

Status

L

)
e
e

LITIX™ Basic %)

)
e
e

Figure 10 Typical circuit using internal PWM unit
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6.3 Electrical Characteristics Internal Supply / EN / PWMI Pin

Electrical Characteristics Internal Supply / EN / PWMI pin

Unless otherwise specified: Vs = 5.5V to 40V, T; = -40°C to +150°C, Rger =12 kQ all voltages with respect to
ground, positive current flowing into pin for input pins (1), positive currents flowing out of the I/O and output
pins (O) (unless otherwise specified)

Pos. Parameter Symbol Limit Values Unit | Conditions

Min. Typ. Max.

6.3.1 Current consumption, I5(steep) - 0.1 2 A Vv, =05V
sleep mode T;<85°C
Vs=18V
Vourx=3.6V
6.3.2 Current consumption, Ison) mA |2 Vowmi=0.5V
active mode I ser=0 pA
T,<105°C
Vs=18V

Voutx = 3.6V

- - 1.4 Ven=5.5V

- - 0.75 Ven =18V

- - 1.5 Y Rey = 10 kQ between
VS and EN-pin

6.3.3 | Current consumption, I dis,sT) mA |? V=18V

device disabled via ST T,<105°C

V=5V

- - 14 Vo =55V

- - 0.65 Vey =18V

- - 1.4 Y Rey = 10 kQ between
VS and EN-pin

6.3.4 | Current consumption, I dis,N_SET) mA |2V =18V

device disabled via IN_SET T,<105°C

Vin ser =5V

- - 1.4 Vey=5.5V

- - 0.7 Ve, =18V

- - 1.4 Y Rey = 10 kQ between
VS and EN-pin

6.3.5 | Current consumption, I gis,pm) mA |2V =18V

device disabled via PWMI T;<105°C

Vo= 34V

- - 1.6 Vey=5.5V

- - 0.75 Vo = 18V

- - 1.6 Y Rey = 10 kQ between
VS and EN-pin

Data Sheet 14 Rev. 1.2
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Electrical Characteristics Internal Supply / EN / PWMI pin (cont'd)

Unless otherwise specified: Vs = 5.5V to 40V, T; = -40°C to +150°C, Rser =12 kQ all voltages with respect to
ground, positive current flowing into pin for input pins (1), positive currents flowing out of the 1/0 and output

pins (O) (unless otherwise specified)

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. Typ. Max.
6.3.6 | Current consumption, I fautt sTu) mA |2V =18V
active mode in single fault T;<105°C
detection condition with Reer =12 kQ
ST-pin unconnected Vewm=0.5V
Vourk =18V
- - 1.7 Vey=5.5V
- - 11 Vey =18V
- - 1.8 YRy = 10 kQ between
VS and EN-pin
6.3.7 | Current consumption, Isautt, sT6) mA |2 V=18V
active mode in single fault T,<105°C
detection condition with Regr =12 kQ
ST-pin connected to GND Vowm=0.5V
Vourk =18V
Vsr=0V
- - 6.0 Vey=5.5V
- - 4.9 Vey =18V
- - 5.9 YRy =10 kQ between
VS and EN-pin
6.3.8 | Power-on reset delay time |tpor - - 25 us Y V=V =0-13.5V
3 Vournom = 3-6 £ 0.3V
lour=80% loyrynom)
6.3.9 |Required supply voltage | Vsqy, - - 4 v Ven=5.5V
for output activation Vourx=3V
IOUTX =50% IOUTx(nom)
6.3.10 |Required supply voltage |V, - - 5.2 v Ven=5.5V
for current control Vourx=3.6V
lourc=90% Ioyry(nom)
6.3.11 |EN turn on threshold Ven(on) - - 2.5 v -
6.3.12 | EN turn off threshold Venoff 0.8 - - v -
6.3.13 | ENinput current during lengs) - - 1.8 mA |YV,=45V
low supply voltage T,<105°C
Ven=5.5V
6.3.14 |EN high input current lengm) mA | T;<105°C
- - 0.1 Vs=13.5V, Vg =5.5V
- - 0.1 Vo=18V, Vg =5.5V
- - 1.65 Vs=Vgy =18V
- - 0.45 VY =18V, Ry =10kQ
between VS and EN-pin
Data Sheet 15 Rev.1.2
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Electrical Characteristics Internal Supply / EN / PWMI pin (cont'd)

Unless otherwise specified: Vs = 5.5V to 40V, T; = -40°C to +150°C, Rser =12 kQ all voltages with respect to
ground, positive current flowing into pin for input pins (1), positive currents flowing out of the 1/0 and output
pins (O) (unless otherwise specified)

Pos. Parameter Symbol Limit Values Unit |Conditions
Min. Typ. Max.
6.3.15 | PWMI (active low) Vowmw 15 1.85 2.3 v D4y, =8..18V

Switching low threshold
(outputs on)

6.3.16 |PWMiI(active low) Vowmy | 245 |2.85 3.2 Y D499y =8...18V
Switching high threshold
(outputs off)

6.3.17 |PWMI AV 075 |1 110 |V D49y =8...18V

Switching threshold
difference Vo - Vewmi

6.3.18 |PWMI (active low) lowmion)  |'woser | nser 4 |hwser |[MA [P T=25..115°C
Low input current with *3.1 *4.9 I _ser =100 A
active channels (voltage Vowm= 1.7V
<Vowm) Vey=5.5V

Vs=8..18V

6.3.19 |PWMI(active low) lowmioft -5 - 5 HA [ Vowms5SV

High input current Ven=5.5V
Vs=8..18V

) Not subject to production test, specified by design

) The total device current consumption is the sum of the currents /s and Iy, please refer to Pos. 6.3.14
3) Seealso Figure 4

) Parameter valid if an external PWM signal is applied

) If TTL level compatibility is required, use uC open drain output with pull up resistor

Data Sheet 16 Rev. 1.2
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7 IN_SET Pin

The IN_SET pin is a multiple function pin for output current definition, input and diagnostics:

Logic

IN_SET *o high impedance
T o

lin_seT

Vin_seT VIN_SET(N-1)

GND

Figure 11 Block Diagram IN_SET pin

7.1 Output Current Adjustment via RSET

The output current for all three channels can only be adjusted simultaneously. The current adjustment can be
done by placing a low power resistor (Rsg;) at the IN_SET pin to ground. The dimensioning of the resistor can
be done using the formula below:

Repr = — (8)
IOUT

The gain factor k (Ryer * output current) is specified in Pos. 10.2.4 and Pos. 10.2.5. The current through the

Rer is defined by the resistor itself and the reference voltage Viy sgr(en, Which is applied to the IN_SET during

supplied device.

7.2 Smart Input Pin

The IN_SET pin can be connected via Ry, to the open-drain output of a pC or to an external NMOS transistor
as described in Figure 12. This signal can be used to turn off the output stages of the IC. A minimum IN_SET
current of iy seracy) IS required to turn on the output stages. This feature is implemented to prevent glimming
of LEDs caused by leakage currents on the IN_SET pin, see Figure 15 for details. In addition, the IN_SET pin
offers the diagnostic feedback information, if the status pin is connected to GND. Another diagnostic
possibility is shown in Figure 13, where the diagnosis information is provided via the ST pin (refer to
Chapter 8 and Chapter 9) to a micro controller. In case of a fault event with the ST pin connected to GND the
IN_SET voltage is increased to Vi grn.g) POS. 9.3.2. Therefore, the device has two voltage domains at the
IN_SET-pin, which is shown in Figure 16.

Data Sheet 17 Rev. 1.2
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Microcontroller
(e.g. XC866)

l

Current
adjust

Rser/2 Rsgr/2

IN_SET

Basic LED Driver ST GND

i

R

IN|
VDDP=5V

Figure 12 Schematics IN_SET interface to pC, diagnosis via IN_SET pin

Microcontroller
(e.g. XC866)

l

Current
adjust

Basic LED Driver ST GND

—

NF—— T

Voor =5V optional

Figure 13 Schematics IN_SET interface to pC, diagnosis via ST pin

The resulting switching times are shown in Figure 14:

IIN_SETT
A -
t »
| A tON(IN_SET) tOFF(IN_SET
ouT - > >
100%
80%
20%
/ \ »
t
Figure 14 Switching times via IN_SET
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IN_SET Pin

lout [MA]

_— *
K= lourx * ViN_seT(ref)/ IIN_sETX

] -
In_seT(acT) lin_seTx In_seT [MA]

Figure15 Iy, versus /jyger

VIN_SET A

\/IN _SET(N-1)max

Diagnostic voltage range

VN_SETN -)min

VIN_SET(ref)max
Normal operation and high temperature current
reduction range

Figure 16 Voltage domains for IN_SET pin, if ST pin is connected to GND
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8 ST Pin

The ST pin is a multiple function pin.

l IsT(N-1)

Vst(n1)
No fault

ST

No fault? © Fault
( ) Vst
l Ist(PD)

Figure 17 Block Diagram ST pin

Output Control

8.1 Diagnosis Selector

If the status pin is unconnected or connected to GND via a high ohmic resistor (Vs; to be below Vgy)), the ST
pin acts as diagnosis output pin. In normal operation (device is activated) the ST pin is pulled to GND via the
internal pull down current /sy pp). In case of an open load condition the ST pin is switched to Vsyy ;) after the N-
1 detection filter time.

If the device is operated in PWM operation via the VS and/or EN pins the ST pin should be connected to GND
via a high ohmic resistor (e.g. 470 kQ) to ensure proper device behavior during fast rising VS and/or EN slopes.

If the ST pin is shorted to GND the diagnostic feedback is performed via the IN_SET-pin, which is shown in
Chapter 7.2 and Chapter 9.

8.2 Diagnosis Output

If the status pin is unconnected or connected to GND via a high ohmic resistor (Vs; to be below Vg7 ), it acts as
a diagnostic output. In case of a fault condition the ST pin rises its voltage to Vs, (Pos. 9.3.7). Details are
shown in Chapter 9.

8.3 Disable Input

If an external voltage higher than Vs, (Pos. 9.3.5) is applied to the ST pin, the device is switched off. This
function is used for applications, where multiple drivers should be used for one light function. It is possible to
combine the drivers’ fault diagnosis via the ST pins. If a single LED chain fails, the entire light function is
switched off. In this scenario e.g. the diagnostic circuit on the body control module can easily distinguish
between the two cases (normal load or load fault), because nearly no current is flowing into the LED module
during the fault scenario - the drivers consume a current of /g, 57y (POS. 6.3.6) or I5 ;s s7) (POS. 6.3.3).

As soon as one LED chain fails, the ST-pin of this device is switched to Vs ;). The other devices used for the
same light function can be connected together via the ST pins. This leads to a switch off of all devices
connected together. Application examples are shown in Chapter 11.
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Figure 18 Switching times via ST Pin
Data Sheet 21 Rev. 1.2

2018-04-26



|T_I|-'I|;|1);T:5||3£isuc < Infineon

Load Diagnosis

9 Load Diagnosis

9.1 N-1 Detection

The N-1 diagnosis is specially designed to detect error conditions in LED arrays with multiple LED chains used
for one light function. If one LED within one chain fails in open condition the respective LED chain is off.
Different automotive applications require a complete deactivation of a light function, if the desired brightness
of the function (LED array) can not be achieved due to an internal error condition. Such a deactivation feature
is integrated in the LITIX™ Basic IC.

The functionality of the N-1 pin is shown in the following block diagram:

l In-1
Output Control

2

In applications, where more than one LITIX™ Basic IC is used, the devices can be connected via the ST pins as
shown in Figure 23. This circuit can be used to disable all output stages (of all LITIX™ Basic ICs) during an open
load event on one channel. The outputs are deactivated after a N-1 filter time t,;, which is defined by the
charging current/; (Pos. 9.3.10). The time is adjustable with a capacitor connected to the N-1 pin according
the following equation:

N-1

Figure 19 Block Diagram N-1 pin

¢ — CN—I' VN—lgth! (9)
typ — I

N-1
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Figure 21 IN_SET and ST behavior during open load condition (ST unconnected)

The N-1 status is latched. The output stages can be re-enabled by a Low to High transition at the EN pin or by
a Power on reset. To provide a Limp Home functionality (lower number of LEDs instead of complete
deactivation) in the case of a partially damaged LED array, the N-1 filter time t,,; can be used. If a PWM signal
with an ON-time of less than ¢, is applied to the VS and EN pins, the N-1 detection feature will not be

activated.

If there is more than one device used for N-1 detection the maximum number of devices, which can be
connected as shown in Figure 23, is limited to ny_;. The maximum number of devices in N-1 configuration is
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calculated according to Equation (10), and the precondition of Equation (11) has to be fulfilled. The pull-
down resistor Ry, is calculated according to Equation (12) and Equation (13).

Vewmin + Vg
(H, max) Vowmi(H, min) - RSET(min)

[1 IN_SET(OL,min) ™~

Rermi
NSRS S (10)
VPWMI(H, max) 4- VIN_SET(max)
VowMi(H, min) - VINﬁiET(min) “Rsprimin) o1 (11)
(VN sET(max))” " RsET(max)
R _ VowMI(H, max) (12)
PWMI(min) — % %
I PWMI(H, max) T V'F
IN_SET(OL,min) ~ Rep1omms
max
R _ V pwMi(H, min) (13)
PWMI(max) %
IN SET(max)

nNo1-4-
RSET(min)

Ve represents the voltage drop across the diode between the IN_SET- and the PWMI-pin.

Note: If one channel of the device should not be used, the according output needs to be connected to GND, which
leads to a disabling of this output.

Note: In case of a double fault, where the loads of two channels are faulty at the same time, the device operates
as in normal operation. This feature is implemented to avoid any unwanted switch off during significant
supply voltage drops. Please refer to Chapter 9.2.

9.2 Double Fault Conditions

The TLD1315EL has an integrated double fault detection feature. This feature is implemented to detect
significant supply voltage drops. During such supply voltage drops close to the forward voltage of the LEDs the
drivers outputs remain active. In case of load faults on two or more outputs within the time period t,; the
device disables the diagnosis to avoid any uncorrect open load diagnosis during low supply voltages close to
the forward voltages of the connected LED chains. If the faults between two or three channels happen with a
delay of longer than ¢t,, the double fault detection feature is not active, i.e. the device is not turned on.

9.3 Electrical Characteristics IN_SET Pin and Load Diagnosis

Electrical Characteristics IN_SET pin and Load Diagnosis

Unless otherwise specified: Vs = 5.5V to 40V, T; = -40°C to +150°C, Ry = 12 kQ, all voltages with respect to ground,
positive current flowing into pin for input pins (1), positive currents flowing out of the I/0 and output pins (O) (unless
otherwise specified)

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. Typ. Max.
9.3.1 |IN_SET reference Vin setpe | 119 |1.23 127 |V VVour =36V
voltage 7,=25..115°C
9.3.2  |IN_SET N_1 voltage Vi servn |4 - 5.5 Y Vy,>8Vv
T,=25...150°C
Vs=Voury (OL)
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Electrical Characteristics IN_SET pin and Load Diagnosis (cont'd)

Unless otherwise specified: Vs = 5.5V to 40V, T, = -40°C to +150°C, Ry = 12 kQ, all voltages with respect to ground,
positive current flowing into pin for input pins (1), positive currents flowing out of the 1/0 and output pins (O) (unless
otherwise specified)

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. Typ. Max.
9.3.3  |IN_SET N_1current Inserey |15 - 7.4 mA |YV,>8V
7,=25...150°C
Vin_ser=4V

Vs=Vour, (OL)

9.3.4 |STdeviceturnon Vst 0.8 - - v -
threshold (active low) in
case of voltage applied
from external (ST-pin
acting as input)

9.3.5 |STdevice turn off Vst - - 25 v -
threshold (active low) in
case of voltage applied
from external (ST-pin
acting as input)

9.3.6  |ST pull down current Ist(pp) - - 15 pA Ven=5.5V
Vsr=0.8V
9.3.7 |STN_lvoltage (ST-pin | Vs 4 - 5.5 v 2 Ve>8V
acting as diagnosis 7,=25...150°C
output) Rsr =470 kQ

Vs=Vourx (OL)

9.3.8 |STN_1lcurrent (ST-pin | /sy 100 - 220 HA Vy,>8v
acting as diagnosis 7,=25...150°C
output) Vsr=2.5V

Vs=Voyry (OL)

9.3.9  |N-1high threshold VN-1th) 245 |2.85 3.2 v Vs>8V
9.3.10 |N-1outputcurrent Ina 12 20 28 pA Vs>8V
Vi =2V
9.3.11 |N-1ldetectionvoltage | Vpgy.y 0.2 - 0.4 v Vs>8V
Vesin-1) = Vs - Vourx
9.3.12 |IN_SET activation In_seT(act) 2 - 15 HA See Figure 15

current without turn on
of output stages

1) Not subject to production test, specified by design
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10 Power Stage

The output stages are realized as high side current sources with a current of 120 mA. During off state the
leakage current at the output stage is minimized in order to prevent a slightly glowing LED.

The maximum current of each channel is limited by the power dissipation and used PCB cooling areas (which
results in the applications Ry, ).

For an operating current control loop the supply and output voltages according to the following parameters
have to be considered:

+ Required supply voltage for current control Vg (), Pos. 6.3.10
+ Voltage drop over output stage during current control Vpgc(), Pos. 10.2.6
+ Required output voltage for current control Vo ry(cc), POS. 10.2.7

10.1 Protection

The device provides embedded protective functions, which are designed to prevent IC destruction under fault
conditions described in this data sheet. Fault conditions are considered as “outside” normal operating range.
Protective functions are neither designed for continuous nor for repetitive operation.

10.1.1 Over Load Behavior
An over load detection circuit is integrated in the LITIX™ Basic IC. It is realized by a temperature monitoring of
the output stages (OUTXx).

As soon as the junction temperature exceeds the current reduction temperature threshold T gy the output
current will be reduced by the device by reducing the IN_SET reference voltage Vy ser(.n- This feature avoids
LED’s flickering during static output overload conditions. Furthermore, it protects LEDs against over
temperature, which are mounted thermally close to the device. If the device temperature still increases, the
three output currents decrease close to 0 A. As soon as the device cools down the output currents rise again.

A

IOUT

VN _seT

i

TJ'(CRD

Figure 22 Output current reduction at high temperature

Note: This high temperature output current reduction is realized by reducing the IN_SET reference voltage
voltage (Pos. 9.3.1). In case of very high power loss applied to the device and very high junction
temperature the output current may drop down to I, = 0 mA, after a slight cooling down the current
increases again.

10.1.2 Reverse Battery Protection

The TLD1315EL has an integrated reverse battery protection feature. This feature protects the driver IC itself,
but also connected LEDs. The output reverse current is limited to /o1y, by the reverse battery protection.
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Note: Due to the reverse battery protection a reverse protection diode for the light module may be obsolete. In
case of high ISO-pulse requirements and only minor protecting components like capacitors a reverse
protection diode may be reasonable. The external protection circuit needs to be verified in the application.

10.2 Electrical Characteristics Power Stage

Electrical Characteristics Power Stage

Unless otherwise specified: V5= 5.5V to 18V, T; = -40°C to +150°C, Vq,7,=3.6 V, all voltages with respect to
ground, positive current flowing into pin for input pins (1), positive currents flowing out of the 1/0 and output
pins (O) (unless otherwise specified)

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. Typ. Max.
10.2.1 |Output leakage current louTx(eak) HA Ven=5.5V
In_ser=0 pA
Voury=2.5V
- = 7 T,=150°C
- - 3 VT=85°C
10.2.2 | Output leakage currentin |- - - 50 HA VY =55V
boost over battery setup | loyryeak a28) I ser =0 HA
Vourk = Vs =40V
10.2.3 |Reverseoutputcurrent  |-loyrypey |- - 1 A |[Yi=-16V
Output load: LED with
break down voltage
<-0.6V
10.2.4 |Outputcurrentaccuracy |kt l)Tj =25..115°C
limited temperature range Vs=8...18V
Vps =2V
697 750 803 Reer=6...12kQ
645  |750  |855 Rggr =30 kQ
10.2.5 |Outputcurrentaccuracy |k, l)Tj =-40...115°C
over temperature Vs=8..18V
Vps=2V
697 750 803 Reer=6...12kQ
645 |750  |855 Rsgr =30 kQ
10.2.6 |Voltage drop over power | Vpg(cq) 075 |- - v Vys=13.5V
stage during current Reer=12kQ
control Vpg oy = Vs - Voyrx loutx = 90% of
(kLT(typ)/RSET)
10.2.7 |Required outputvoltage | Voyrycq) 2.3 - - v Dy =135V
for current control Reer=12kQ
louty = 90% of
(kLT(typ)/RSET)
Data Sheet 28 Rev.1.2
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Electrical Characteristics Power Stage (cont'd)

Unless otherwise specified: Vs = 5.5V to 18V, T; = -40°C to +150°C, Vo1, = 3.6V, all voltages with respect to
ground, positive current flowing into pin for input pins (1), positive currents flowing out of the 1/0 and output
pins (O) (unless otherwise specified)

Pos. Parameter Symbol Limit Values Unit | Conditions

Min. Typ. Max.

- - MA  |Rger=4.7kQ

The maximum output
currentis limited by the
thermal conditions.
Please refer to
Pos.4.3.1-Pos.4.3.3

10.2.9 |PWMI turn on time tonPWM) - - 15 Us 2y, =135V
Regr =12 kQ
PWMI > L

(k LT(typ)/ RSET)
10.2.10 | PWMI turn off time torrewmy |- - 10 us Y, =13.5V
Regr =12 kQ
PWMI> H
louty = 20% of
(k LT(typ)/ RSET)
10.2.11 | ST turn on time ton(sm) - - 15 us 3V, =13.5V
Regr =12 kQ
ST->L

louty = 80% of
(kLT(typ)/RSET)
10.2.12 | ST turn off time torr(sT) - - 10 s JY,=135V
Regr =12 kQ
ST->H

louty = 20% of
(kLT(typ)/RSET)
10.2.13 |IN_SET turn on time ton(N_sET) - - 15 us Vg=13.5V
Iin_ser =0 100 pA
louty = 80% of
(k LT(typ)/ RSET)
10.2.14 |IN_SET turn off time torran_sET) |~ - 10 us Vs=13.5V
Iin_ser =100 > 0 pA
lours = 20% of
(kLT(typ)/RSET)
10.2.15 | VS turn on time tons) - - 20 us V4 V=55V
Reer=12kQ
Vs=0-513.5V
Ioury = 80% of

(kLT(typ)/RSET)

-~

10.2.8 | Maximum output current | loyr(max) 120
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Electrical Characteristics Power Stage (cont'd)

Unless otherwise specified: Vs = 5.5V to 18V, T; = -40°C to +150°C, Vo1, = 3.6V, all voltages with respect to
ground, positive current flowing into pin for input pins (1), positive currents flowing out of the 1/0 and output
pins (O) (unless otherwise specified)

Pos. Parameter Symbol Limit Values Unit | Conditions
Min. Typ. Max.
10.2.16 |Current reduction (e - 140 |- °C Vloure = 95% of
temperature threshold (Kirtyp)/Rser)
10.2.17 | Output current during lout(cr) 85% of |- - A Y Reer=12kQ
current reduction at high (Kiryp) T;=150°C
temperature /Rset)

) Not subject to production test, specified by design
) seealso Figure 8

3) seealso Figure 18
) seealso Figure 6
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11 Application Information

Note: The following information is given as a hint for the implementation of the device only and shall not be
regarded as a description or warranty of a certain functionality, condition or quality of the device.

PROFET

=]

Rear Light assembly

H

=l
3
=l

aaaaaaa

*In case PWM via VS orEN is
** For EM| mprovement,ifrequired.

Figure 23 System Diagram PWMI + N-1 detection
Note: This is a very simplified example of an application circuit. In case of high ISO-pulse requirements a reverse

protection diode may be used for LED protection. The function must be verified in the real application.

11.1 Further Application Information

« For further information you may contact http://www.infineon.com/
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Figure24 PG-SSOP-14

Green Product (RoHS compliant)

To meet the world-wide customer requirements for environmentally friendly products and to be compliant
with government regulations the device is available as a green product. Green products are RoHS-Compliant
(i.e Pb-free finish on leads and suitable for Pb-free soldering according to IPC/JEDEC J-STD-020).

For further information on alternative packages, please visit our website:
http://www.infineon.com/packages.
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13 Revision History

Revision Date Changes

1.0 2013-08-08 Inital revision of data sheet

11 2015-03-19 Updated parameters K ; and K, in the chapter Power Stage

1.2 2018-04-26 Updated to latest template

1.2 2018-04-26 Updated application drawing

1.2 2018-04-26 Updated package marking

1.2 2018-04-26 Updated package figure

Data Sheet 33 Rev. 1.2

2018-04-26



LITIX™ Basic iﬁﬂEOn |

TLD1315EL

Table of Contents
1 OVEIVIEW 4ttt v tetnsseeaoroenscossecassossssnssosassosassossesnssosassosnssnssoaas 1
2 BloCK Diagram ....vitiiuiieeneroeoetossocassosssssssesssssssssssssssssosassnsnnns 3
3 PinConfiguration . .....ccoiiiiiiiiieinnesesesassosssssssssesesesesssesesesasasasns 4
31 PN ASS M Nt L.ttt i e e 4
3.2 Pin Definitions and FUNCLIONS . ... . it i ettt et aiee s 5
4 General Product Characteristics ......cccviieiiiriieriereeernerosesnsessssossscsnnnns 6
4.1 Absolute Maximum Ratings ... ...ttt et ettt e e 6
4.2 FUNCEIONAl RaNEE . ..ottt e e e et e e 7
4.3 Thermal ReSISTANCE ..t e ettt ettt ettt e 7
5 EN PiN o .iitittiiiniieteeeocasoocasessasessassssossssossssossssossssossassssansans 8
5.1 =V BT Vot o 8
5.2 INternal SUPPLY Pin ..o i e e e 9
5.3 EN UNUSEA ..ttt e ettt et e e e e e e 10
53.1 EN - PULLUD 0 VS e e e e 10
5.3.2 EN - Direct Connection tO VS L oottt i e e ettt et e 10
6 PUWMI PN ¢t iiiiititeeeeoeoeoeoeocococacasasoeseosasasasssseasassssssasssssoness 11
6.1 P VWM DiMmMiN g . oottt ettt e ettt et et e e et e 11
6.2 INternal PWM Uit .o i i ettt e e ettt e 12
6.3 Electrical Characteristics Internal Supply /EN/PWMIPIn ... oo 14
7 1 ] i O = 17
7.1 Output Current Adjustment via RSET ... . it e et e 17
7.2 St INPUE PN L e e e e e e 17
8 ST PN ittt iiiiiiineeeeeeeoeoeaeaeasaeaasssesssssosesssssssasoesasssasasasasasasas 20
8.1 DIagNOSIS SElECEOr .\ttt ettt e e e e 20
8.2 DIagnoSis OULPUL . ..ottt e e e e 20
8.3 DiSablE INPUL . .t e e 20
9 Load DiagnoSis .o vvieiuirereoeosoeosssssassssssssssssssossssssscsessssssscsanass 22
9.1 N T = Tt o [ P 22
9.2 Double Fault Conditions .. ..o i e e e e 25
9.3 Electrical Characteristics IN_SET Pin and Load Diagnosis ..........ccvviuiiiiiiieennineennnnn. 25
10 POWer Stage ... cviiiiiiiiiiiiietieteeeseeseeesoescsesoesssasseasssesssescenssnses 27
10.1 e 0] (Tt ¥ o o PP 27
10.1.1 OVer Load Behavior ... e e e 27
10.1.2 Reverse Battery Protection . ..... ..o e et e s 27
10.2 Electrical Characteristics POWer STage ......ouutiiii e e i eaeee 28
11 ApplicationInformation .........c.ciiiiiiiiiiienrnrerereresscocococosocscsancncans 31
11.1 Further Application Information ........... i e e 31
12 Package Outlines . ....cvvviiiinerieenrosrecossesossossssossocsssossssnssssnssosnns 32
13 ReVISION HiStO Y .ot viiiiiiiiiieneoeoeeeoeocosososososassssssssssssssssssssososass 33
Table of CoNteNtS . ..o iviiiiiiinenenenensressosasnssssssssssssssssssssssssesssssns 34
Data Sheet 34 Rev. 1.2

2018-04-26



Trademarks

All referenced product or service names and trademarks are the property of their respective owners.

Edition 2018-04-26
Published by

Infineon Technologies AG
81726 Munich, Germany

© 2018 Infineon Technologies AG.
AllRights Reserved.

Do you have a question about any
aspect of this document?

Email: erratum@infineon.com

Document reference
TLD1315EL

IMPORTANT NOTICE

The information given in this document shall in no
event be regarded as a guarantee of conditions or
characteristics ("Beschaffenheitsgarantie").

With respect to any examples, hints or any typical
values stated herein and/or any information regarding
the application of the product, Infineon Technologies
hereby disclaims any and all warranties and liabilities
of any kind, including without limitation warranties of
non-infringement of intellectual property rights of any
third party.

In addition, any information given in this document is
subject to customer's compliance with its obligations
stated in this document and any applicable legal
requirements, norms and standards concerning
customer's products and any use of the product of
Infineon Technologies in customer's applications.
The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer's technical departments to
evaluate the suitability of the product for the intended
application and the completeness of the product
information given in this document with respect to
such application.

For further information on technology, delivery terms
and conditions and prices, please contact the nearest
Infineon Technologies Office (www.infineon.com).

WARNINGS

Due to technical requirements products may contain
dangerous substances. For information on the types
in question please contact your nearest Infineon
Technologies office.

Except as otherwise explicitly approved by Infineon
Technologies in a written document signed by
authorized representatives of Infineon Technologies,
Infineon Technologies’ products may not be used in
any applications where a failure of the product or any
consequences of the use thereof can reasonably be
expected to result in personal injury.


mailto:erratum@infineon.com
http://www.infineon.com

OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHosaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




