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compliant

Features

= Three independent high-side Current Sources (3*55mA)

= Redundant Outputs for each Channel

= Parallel Operation for up to 165mA

= Low Power Standby / Sleep Mode

= Thermal Management Option per Channel

= Operating Input Voltage Range 5V to 25V, max. 40V

= External Reference Voltage / Derating Supported

= PWM Dimming (All channels or separate Channels)

= Diagnostic Functionalities (LED Driver Open/Short, IR Config
Open/Short, Junction Temperature, Supply Voltage)

= Diagnostic Bus to link ICs

= Selectable “Failure Feedback Mode” or “Single Lamp Behaviour”

= Drop-In Functional compatibility to E522.80

= AEC-Q100 Qualification

Applications

= Automotive LED Lighting, Rear Lighting

= Turn Indicator Driver

= OLED Lighting Driver

= Medium Current Interior Lighting

= Industrial LED Applications or RGB Drivers

Ordering Information

General Description

£522.90/91/92/93 family features independent triple linear
high-side current sources for LED driving. Diagnostic features
are provided to meet automotive requirements, together
with a communication interface “RUN” to link ICs fault han-
dling. Individual current configuration and independent dig-
ital PWM dimming per channel are available (e.g. for RGB).
Full functional compatibility with higher current versions
E522.80-83 allows drop-in replacement and thus simplest
adaption of existing solutions in current range.

Two external configurable modes of operation allow
- either “Failure Feedback Mode” FFM (operating channels in
case of errors, with error signalization)

- orin “Single Lamp Mode” (turning all linked E522.9x’s chan-
nels “off” in case of errors)

An intelligent power management system is provided using
an external shunt resistor to share power distribution be-
tween E522.9x and external heat sink. Hotspot generation
can be avoided by flexible heat spreading. Internal derating
for reference voltage and over-temperature shut-down for
extreme temperatures >180°C protect E522.9x in case of ab-
normal operation conditions.

Ordering-No.: Tempams Range Package A high voltage capable input ENA can be used to either dig-
E52290A97D -40°Ct0 +125°C | SOIC16N-EP itally enable or disable E522.9x. Furthermore, ENA may be
E52291A97D 40°Cto +125°C | SOICI6N-EP used as analog reference voltage input.
E52292A97D -40°Cto +125°C SOIC16N-EP
E52293A97D -40°Cto +125°C SOIC16N-EP
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Version ‘OPEN’ Diagnostic Package & Current

£522.90 Open Diagnostic at Vys > 7.5V ﬁglgﬁa,,\lz_rai...SS.ZmA
E522.91 Open Diagnostic at Vys > 9.0V ﬁglglla’.\lz_raPA...SS.ZmA
E522.92 Open Diagnostic at Vs > 10.0V ﬁg'fllezfn'i\MSS.ZmA
£522.03 Open Diagnostic at Vys > 15.0V ﬁglgllil_\lzﬁi...SS_zmA

Functional Diagram
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Top View exposed die pad (bottom side)
(@)
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IR1 6 D g LED3B
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Note: Not to scale
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Pin Description

Pin Name Type ¥ Description

1 NC Al Not connected internally

2 RUN HV_A 10 | RUN Diagnostic Bus Interface to link E522.9x or E522.8x Products

3 VS HV_S High-Voltage Supply Input

4 GND S Ground Connection

5 ENA HV_A | High-Voltage Enable and optional analog Referencevoltage Input

6 IR1 A 10 Current Configuration Channel 1, digital Input for Channel 1 dimming
7 IR2 A 10 Current Configuration Channel 2, digital Input for Channel 2 dimming
8 IR3 A 10 Current Configuration Channel 3, digital Input for Channel 3 dimming
9 SLM A 10 Operating Mode Configuration (“Single Lamp Mode” or “Failure Feedback” Operation)
10 LED3A HV_A O |Bypass Output Channel 3, connect to LED directly

11 LED3B HV_A O | Priority Output Channel 3, connect to LED via thermal Shunt

12 LED2A HV_A O |Bypass Output Channel 2, connect to LED directly

13 LED2B HV_A O |Priority Output Channel 2, connect to LED via thermal Shunt

14 LED1A HV_A O |Bypass Output Channel 1, connect to LED directly

15 LED1B HV_A O | Priority Output Channel 1, connect to LED via thermal Shunt

16 NC Al Not connected internally

- E);Bosed Exposed Pad, Connect to GND for thermal connection

1) A = Analog, D = Digital, S = Supply, | = Input, O = Output, B = Bidirectional, HV = High Voltage

This document contains information on a pre-production product. ElImos Semiconductor AG reserves the right to change specifications and information herein without notice.
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1 Absolute Maximum Ratings

Stresses beyond these absolute maximum ratings listed below may cause permanent damage to the device. These are stress ratings only; opera-
tion of the device at these or any other conditions beyond those listed in the operational sections of this document is not implied. Exposure to
absolute maximum rated conditions for extended periods may affect device reliability. All voltages referred to VGND. Currents flowing into ter-

minals are positive, those drawn out of a terminal are negative.

No. | Description Condition Symbol Min Max Unit
1 V'S Pin Voltage Vys -0.3 40 \Y

2 ENA Pin Voltage Vena -0.3 40 \Y

3 IR1,2,3 Pin Voltage 1) A -0.3 5.5 Vv

4 IR1,2,3 Pin Current lirx -1 1 mA
5 LEDx Current lLeDx -70 100 mA
6 LEDxA/B Pin Voltage Vieox -1 Vys

7 RUN Pin Voltage Veun -0.3 Vys

8 RUN Pin Current lrun -5 5 mA
9 SLM Pin Voltage Vom -0.3 6.5 \Y
10 |[Junction Temperature Continuous T, -40 150 °C
11 |Ambient Temperature Info Parameter ? Ta -40 125 °C
12 |Storage Temperature Unsoldered Device | Ts; -40 125 °C
13 |Power Dissipation turerme < 1h Py max 2.5 W
14 | Thermal Resistance Junction to Exposed Die Pad 3 Ronc 6 K/W

1) see parameter Vg e for clamping behaviour
2) consider maximum junction temperature and cooling measures to define ambient operating range

3) Typical thermal resistance to EP is Ryy,.c = 3K/W (not production tested)

2 ESD

No. | Description Condition Symbol Min Max Unit
1 ESD HBM Protection at all Pins R Vesp Hem 2 2 kv
2 ESD CDM Protection at Corner Pins 2) Vespcoma -750 750

3 ESD CDM Protection at all other Pins 2) VEesp,com2 -500 500

1) According to AEC-Q 100-002, Human Body Model, 1.5kQ resistance, 100pF capacitance.
2) According to AEC-Q 100-011, Charged Device Model, pulse rise time (10% to 90%) <400ps, 10 resistance.

This document contains information on a pre-production product. Elmos Semiconductor AG reserves the right to change specifications and information herein without notice.
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3 Recommended Operating Conditions

No. | Description Condition Symbol Min Typ Max Unit

1 |Recommended Operating Voltage Range Vsop 5 14 25 \Y%

2 Continous Power Dissipation in Package Pyv.op 2.2 W

3 VS Capacitance per E522.9x Cys,op 220 330 nF
Nominal Value of Current-Selection LED Channel

4 |Resistor at IR1,2,3 to GND operating ¥ Riex 8.45 3 kQ

5 Capacitance at IRx Pin to drive R Cirx 100 pF
Typical Configured Operating Current per | Sum of LEDxA and

6 Channel LEDxB ¥ [epx 14.2 40 55.2 mA

7 Dimming Frequency at either ENA or IRx | ? fowm 50 200 1000 Hz
Minimum High / Low pulse- width in

8 | case of PWM Dimming Teuisepwm 90 Hs

9 Total Capacitance for RUN Bus 3) Crun 1 nF

10 |Capacitance at LEDx Driver Outputs LEDxA and LEDxB | Ciep 22 nF

11 |Inductance at either LEDxA oder LEDxB Liepx 1 pH

1) If selection interface IR is used with higher resistive values take a reduced accuracy into account. Pay attention to the ‘open’ state detection
limit ,IIR,OPEN" for IRx configuration

2) high PWM frequencies need to take into account, that there is an inherent startup delay between rising edge at IRx and current flow, which

may influence PWM linearity

3) high capacitance values are possible but lead to additional delay between rising edge at ENA and startup of LEDx Drivers

This document contains information on a pre-production product. ElImos Semiconductor AG reserves the right to change specifications and information herein without notice.
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4 Electrical Characteristics

(Vys =5V to 25V, T;= -40°C to +150°C and recommended operating range, unless otherwise noted. Typical values are at Vs =
14V and T, = +25°C. Positive currents flow into the device pins.)

Description Condition ‘ Symbol Min ‘ Typ ‘ Max Unit
Supply and Bias
Enable threshold at ENA Vena rising VEnaoN 1.14 1.2 1.26 \Y
Disable threshold at ENA Vena falling Vena o 1.0 1.06 1.13 \Y
ENA internal Pulldown Resistor Renapo 500 kQ
VS undervoltage Release Threshold VS rising edge Vs err 3.8 41 4.4 Vv
VS undervoltage Hysteresis VS falling edge Vs erp HvsT 440 mV
Ve = 14V
VS sleep mode Current Ve = OV lys sieep 125 28 HA
T,<125°C
Vina > 3V
VS current in "Standby Mode" Veun < 2V | 90 140 A
Y No error detected | VosTBYNOM H
in device V
Vina > 3V
Average VS Current in "Single Lamp Mode, | “IR Open” error de-
Counting" tected by device, lus stevese 100 150 WA
SLM open?
all channels regu-
Device current consumption lating in saturation,
(GND pin current) no error detected | /cno0? L4 21 mA
Rigx=12kQ
Overtemperature Shutdown T, rising Tor 165 185 °
Overtemperature Recovery Hysteresis*) T, falling Tiormvst 20 °C
-, Initial delay after
Initial _Star:cup Delay of E552.9x after first Ve > Vis e torner 30 30 us
Power-Up*)
Vena > Venaon
LED Driver
. . Rirx=12kQ
Current Amplification factor between IRx RX
Vys = 14V A Lox/ire 297 311 325
Input and LEDx Outputs Vimoy < Vus - 1V
Ratio of Current in LEDxB to total configured | | epus / (I Leoxat!eoxe)
Current | gp, Vysieoxs > 1V Qease 97 99.8 %
Rire = 8.45kOhm
LED Current Tolerance (maximum) Vys = Vi = 14V I ep max -58.5 -55.2 -51.9 mA
Viepx < Vys - 1V
R\sz 12kOhm
LED Current Tolerance (high) Vys= Vea= 14V I epmicH -41.3 -38.9 -36.5 mA
Vigpx < Vys - 1V
Rirx = 33kOhm
LED Current Tolerance (low) Vys = Vena = 14V lenLow -15.8 -14.1 -12.4 mA
Viepy < Vys - 1V
Drop-Voltage of Bypass Outputs LEDXA for | ligpxa= 55mA
55mA LEDxB open ¥ Vizoxaoop 210 360 mv
Drop-Voltage of Priority Outputs LEDxB for | lepe=55mA
55mA LEDxA open ¥ Vieos pror 300 mv
Ve = 14V
Total pull down Resistance in case of LEDx | Vg = 0V R 10 o)
being turned ‘off’ (LEDXA parallel HEDPDOFE
LEDxB)

*) Not tested in production

Notes on table section Supply and Bias

1) See state diagram in chapter ,5.4 State Diagram” for details

2) Please note, that in case of LED or IR shortcircuit the average input current also depends on the configured current and the re-diagnostic du-
tycycle. Example: In case of a single LED short to GND the current at V'S in SLM is typ. approx. 100UA plus 64/5900%,¢p,

Notes on table section LED Driver

1) Parallel operation of LEDxA/B is possible to reduce Drop-Voltage

This document contains information on a pre-production product. Elmos Semiconductor AG reserves the right to change specifications and information herein without notice.
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Triple 55mA Linear LED Controller
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Electrical Characteristics (continued)

(Vys =5V to 25V, T;= -40°C to +150°C and recommended operating range, unless otherwise noted. Typical values are at Vs =
14V and T, = +25°C. Positive currents flow into the device pins.)

Description Condition Symbol Min T Max Unit
p Y yp
IR Driver
Internal Nominal Reference to drive Ry, }l—/JEgA—I—TD?;RiT\E/ Veernom 1.44 15 1.56 Y
I\?ternal Reference Derating in case of high Vs > 20V Viersv 086 09 094 Vv
VS
E:T%gggggeegt()l{%ﬁtlng Range for Exter- Condition ? Vierext 06 Veesnom v
Internal Divider Ratio between ENA and IR
in case of external Reference Voltage L3V < Ve < 3V Nexa o 1.975 2 2.025
Lr}tgﬂr\]/i Reference Derating Threshold for Vys rising V— 5 27 29 v
Hysteresis for Voltage Derating Threshold Vys falling Vs DERATE HYST 1 Vv
Starting Junction Temperature for internal o
Reference Voltage Derating *) Ve > 3.3V Tiperare 130 139 148 ¢
| . | Vena > 3.3V
nternal Reference Voltage Derating Slope *) TS T, oot dV, perare -26.7 mV/K
i?\lgaLtéls Epgensgglld at IRx to disable accord- Vi rising ? Vieoss 13 24 29 v
Hysteresis for IR Disable *) Vi falling Vg pis,vsT 36 mV
Zener Clamping at IRx lig = 1TOOpA 3 Vircime 5.25 6.1 7 \Y,
Pull down Current in IRx Driver for high Vi | Vg =4V () 6 pA
Propagation Delay between Dimming Signal | Vey, > 3V
at IR and LED Driver Current Flow *) Vi falling edge ¥ troet > s
SLM Interface
Device nominal
Pull down Current in SLM to drive 'low' operation Isimpo 15 HA
Ve = 0.7V
Error detected in
Pull up Current in SLM to drive SLM 'high' Device lsimpu - 250 HA
Vom=0.7V
Threshold to detect Mode of Operation n Vi HicH 14 15 1.6 \
; : i | Vsim < Ssimmih
E\c/)\al\/i\nFﬁﬂ/kJency at SLM for Failure Signaliza K?\”gre Feedback | Frem puum 39 KkHz
ode

*) Not tested in production
Notes on table section IR Driver
1) Take 2:1 divider at ENA into account

2) Intended for digital Control with switched GND Potential of Ryg,
3) An unused channel may be disabled by connecting to VS via a suitable Resistor

4) Disable propagation delay of a channel is typ. < 1us (Vi rising to > Vigpis)
Notes on table section SLM Interface
1) For “Failure Feedback Mode” connect e.g. bipolar transistor to SLM, otherwise leave open for “Single Lamp Mode”

This document contains information on a pre-production product. ElImos Semiconductor AG reserves the right to change specifications and information herein without notice.
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Electrical Characteristics (continued)

(Vys =5V to 25V, T;= -40°C to +150°C and recommended operating range, unless otherwise noted. Typical values are at Vs =
14V and T, = +25°C. Positive currents flow into the device pins.)

Description Condition ‘ Symbol Min Typ Max Unit
RUN Interface and Diagnostics
RUN Pin Pull up Current to VS xﬁvj;lg\\// leonpu -65 42 25 WA
RUN Bus Comparator,
High Threshold Veunena 2.7 3 33 Vv
E(L)JV,\\/l E#r'segﬁorrlldparator' Veunstey 2.25 2.55 2.85 V
Hysteresis for RUN Thresholds Veonena = Veonstay VeunHysT 250 450 mV
RUN St P Rising and falling
ate Change Debouncing *) edge Trun,pet 4 s
RUN Low Level, Nominal Xz;jﬁ’A Viomors 0.2 0.8 v
VS Pin ‘open’
RUN Low Level, low VS or VS Open leun = 2MA Veun,pRv2 1.4 2 Y
T, < 125°C
Current Limitation for RUN driving 'low' Veun = 5V lrun,Lm 10 22 mA
LEDx Short Circuit Detection Threshold Relative to Venp V LEDxsHORT 0.9 1 11 Vv
Open Detection Threshold at LEDx, relative | Rj, = 12kQ
to nominal configured current Vina > 3V 7Y lieoxopen 275 375 475 %
Open Diagnostic Enable Threshold at VS for | E522.90 %
£522.90 Vs rising Vs piact 71 7.5 79 %
Di ic Enable Threshol VS fi E522.917Y
Eszeergllagnostlc nable Threshold at VS for Vis risging Vis oo 355 9 945 v
- - D
(E35P262n'9Dzlagnost|c Enable Threshold at VS for \E/iSZrZIS?ﬁg Vis e 95 10 105 v
Di ic Enable Threshol VS fi E522.93 Y
(E)5p2e2r1.93|agnost|c nable Threshold at VS for Vis risgiig Vis s 14.2 15 158 v
S}p/);etnerDe;aisgnostlc Enable Threshold at VS, Vys falling VT 05 v
IRx Pin Open Diagnostic Threshold absolute value ik opeN 9 18 KA
IR pin short circuit Diagnostic Threshold absolute value iR sHoRT 280 380 HA
Error Tolerance after Enabling a Channel Vens > Venaon t 64 s
g Vi < Vigoss 2 ERR,DEBL [
Additional Debouncing Time in case of Error | New Error de- t 4 s
Detection during Operation *) tected ERR,DEB2 H
. I ) ERR present,
RDeetzlcat%grg)SIS time out in case of Error ES22.9x operated | tesreonc 41 59 91 ms
undimmed ?

*) Not tested in production

Notes on table section RUN Interface and Diagnostics

1) threshold is related to nominal current generated at IRx input. This diagnosis is active for Vs voltages higher than Vs e«

2) start up of a channel is performed within this tolerance time window

3) dimming the erroneous channel resets the according channels re-diagnostic cycle, thus a re-diagnostic is performed with the next enabling
of the channel

This document contains information on a pre-production product. Elmos Semiconductor AG reserves the right to change specifications and information herein without notice.
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5 Functional Description
5.1 Overview

E522.90/91/92/93 family devices provide independent triple linear current controller for LED driving, which can optionally be
operated in parallel for higher current requirements. These family members support individual current configuration and in-
dependent digital PWM dimming per channel (see IR interface).

Various diagnostic features are provided to meet automotive requirements, together with a communication interface named
“RUN” to link ICs to generate more than three channels. ICs linked in this way can be operated as a combined cluster of drivers,
turning ‘on” and ‘off” in parallel (e.g. turning all drivers ‘off” in case of hardware failures).

Two external configurable modes of operation allow
- either “Failure Feedback Mode” FFM (operating channels in case of errors, with error signalization)
-orin “Single Lamp Mode” (turning all linked E522.9x/E522.8x’s channels “off” in case of errors)

Typical exemplary application topologies are presented in 5.7 Exemplary Application Topologies”.
More information on the LEDx drivers and power management can be found in ,5.2 LED Driver”.
For more details on the configuration and dimming via IRx interface see ,5.3 IR Driver".

A detailed overview of functional states is given in ,5.4 State Diagram”.

Configuration of FFM or Single Lamp Mode is described in 5.5 SLM Interface”.

Diagnostic features are located in ,5.6 RUN Interface and Diagnostics".

Dimensioning formulars can be found in ,5.8 Dimensioning Formulas and Power Calculation”

Device Family members for more simple implementations are provided with E522.84-87, featuring a high degree of functional
compatibility to E522.90-93 at e.g. “RUN” pin. For higher output currents at full functional compatibility with E522.9x there are
E522.80-83 available. Please refer to the according datasheets for more details on those products.

5.2 LED Driver

High-side drivers for LEDX provide the current configured by the according IRX pin, reproducing the IIRx with a typical amplifi-
cation factor of 311:1. In E522.90-93 there are two outputs LEDxA and LEDxB per channel. The outputs can either be used for
redundancy (in parallel) or for advanced thermal management to share the IC power with external power sinks as follows (see
Typical Application Diagram):

Power Distribution Principle in E522.90/91/92/93 Applications

Power as a function of V (VS )
Exemplary for V ( LED ) = 6V and different ext. Shunts
( Single-Channel Calculation for 55mA )

................ P (LED)
— — P (R1=620hm)

P (E522.9x) @ R1
— — P (R2= 120 Ohm)
P (E522.9x) @ R2
— — P (R3 = 180 Ohm)
P (E522.9x) @ R3

P [W]

V(vs) [V]

Figure 1. Power Management Example using a Channel of E522.9x at 55mA
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To handle the power that is generated in linear LED drivers, the E522.90-93 device family offers an advanced power distribu-
tion feature. The channels current is regulated as a sum of currents in LEDXA and LEDxB. The priority output LEDxB drives the
current as long as the voltage headroom allows to. If current in LEDxB drops below the target value, the bypass output LEDxA
is automatically activated to deliver the remaining current.

This distribution of current allows to share some of the linear regulator power with the external Power-Shunt. ,Figure 1. Power
Management Example using a Channel of £522.9x at 55mA" shows the basic power generation per channel in (as a function
of Vi)

- the LED load driven

- in the external power shunt, given for exemplary values R1=680), R2=1200), R3=180Q

- plus the remaining power for one channel in E522.9x

For calculations, this principle offers two points of virtually “zero” power in E522.9x, one for the Vs, = V¢p and a second “zero”
power point at Vysz, = Viep + liep * Reowershunt Beyond Vs 7, the power in E522.9x starts to increase linearly as for common linear
LED drivers. For E522.9x the local power maximum between Vs, and Vys 7, is always 0.25 * Reowershunt * lien? -

At the voltage derating threshold Vs perare the internal reference is reduced to 60% of nominal, thus the overall system power
is reduced as shown to avoid excessive heat generation in case of e.g. load dump pulses.

5.3 IR Driver

The interface IRx is used to configure the current in the according LEDxA/B channel. By connecting the IRx input to GND po-
tential, the current flow in IRy is multiplied to LEDxA/B by a factor of typical 311:1.

Digital dimming can be applied to IRx by setting Vig > Vir ois. A simple option to control the current is to switch the GND connec
tion of Ry, by a micro controller port, thus ‘low’ level drives the current into IRy, the high level disables the according channel.

Various factors influence the reference voltage driven to IRy as an output. Details are illustrated in Figure 2. In nominal case
(typical junction temperature, Veya > 3V) the internal reference is used. The lowest reference applied to the amplifier shown in
Figure 2 is used to regulate Vi .

ENA

N ENABLE
12v —{- v
VREF.Nong—E VREF‘HV

‘«— VS Overvoltage
(Vs> Vs perare ) Channel
[ 20

Current
Reference
E 250kQ r L‘
' X R,

Internal Viross
Temperature -100mv 6V
Derating

I

.
W N Channel
v _ / Disable
IR,DIS //

Figure 2. IR Reference Generation
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In case that less than three current drivers are needed, the internal clamping as shown in ,Figure 2. IR Reference Generation”
allows to connect this input to e.g. VS directly by a resistor of typ. 100kQ.
Note that this resistor will contribute to the overall sleep mode or standby current of the application.

Connecting the IRy inputs statically to other supply voltages Vsyeey > Virpis is also possible to effectively disable the according
channel. Please note, that the maximum supply voltage to turn IRy ‘off” may be restricted by the clamping voltage at this pin,
see parameter VIR, CLMP".

VREF
A
VREF,NOM
Operating Range for
external Reference with V. =V, /2
Limited
V 12 by abs.
ENA,ON .
E522.9x disabled by ENA 1 max. Ratings
| -
)) \ >
-40°C - 150°C T TJ
J,DERATE J0T

Figure 3. Principle of Internal Temperature Derating

The internal reference derating function implemented is rather tolerant to allow external configuration of derating by the
user. It typically starts to derate the internal reference at T, = 138°C, falling with typ. -26.7mV/K beyond this temperature. The
range of operating E522.9x with external reference or external derating is shown in ,Figure 3. Principle of Internal Temperature

Derating”.

To realize an external derating function and shut down, it is possible to use e.g. a temperature dependent resistor divider at
ENA. In the range of typically 3V down to Veyaorr the voltage Vena/2 is used to drive V. Falling below Ve, o disables E522.9x,
restarting with Veya > Venaon-

This document contains information on a pre-production product. ElImos Semiconductor AG reserves the right to change specifications and information herein without notice.
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5.4 State Diagram

~ -
Global, Prio 1: // / \
vs < VSERR yi \ Y \
/ VS RESET \ Global, Prio 2/ Thermal \
[ Junction Over- | S| \
Global, Prio 3: [ RUN active low | Temperature ‘\ hutdown \
ifall [y ] are statically | SLM set to pulldown —_— ‘
d,-saé,ﬁé orems | LED Outputs pulldown | \ RUN active low |
\ IR Driver off / \ LED Outputs pulldown /
R — ]
\ ERR[ 2:0] ='000" / \ IR Driver disabled /
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Figure 4. State Diagram E522.90/91/92/93
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5.5 SLM Interface

The pin SLM (“Single Lamp Mode”) can be used to distinguish between single lamp behaviour or failure feedback mode (FFM).
The basic setup of this pin is shown in ,Figure 5. SLM Configuration”.

Single Lamp Mode is characterized by switching all channels ‘off” in case of a single failure on any channel. This behaviour al-
lows a network of LEDs to behave in a comparable manner to single bulb lamp. Other E522.9x (optional E522.8x) devices should
in SLM mode be connected by RUN to allow common switching to standby mode.

To operate E522.9x in this way, the pin SLM has to be left open, thus the voltage level Vg exceeds Vs pigh

Failure Feedback Mode (FFM) is used to provide status feedback to some external circuitry, e.g. a microcontroller or a body
control module. In this mode of operation a failing channel can be indicated, thus the other channels are not affected by the
error detection and remain operated. This mode can as well be used in case of applications for which the diagnostics of chan-
nels must not interfere with each other.

To use E522.9x in this way, it is recommended to use a bipolar external device and connect its base to SLM (a direct connec-
tion of SLM pin to GND is possible as well if channels shall be made independent of each other). The threshold VSLM,HIGH is
high enough to detect SLM as being held low by the base-emitter voltage of the external bipolar device. Other E522.9x in the
application can share the same bipolar base to reduce device count (wired-OR).

Note, that RUN is switched to low in FFM as well, thus a direct connection to other E522.9x is not recommended (to avoid com-
mon turn-off behaviour).

(Remark: FFM can also be achieved by connecting SLM directly to GND).

More detailed information on the behaviour of E522.90/91/92/93 can be found in the statediagramin ,Figure 4. State Diagram
E522.90/91/92,/93"

Internal
Supply
Failure

] Feedback

SLmPU
Error

\ |
\ |
\ |
Detection | lzrelf:. BCM |
\ |
SLM
? b - ‘
\ |
Single
Lamp ‘ ‘
Mode VSLM‘NIGH ‘ ‘
Optional
| External |
I

Circuitry |
E522.9x - — — — -

Figure 5. SLM Configuration

During state “Active, Failure Feedback Mode” a 4 bit pulse-width modulated (PWM) signal is provided at the SLM output to de-
termine which channels are failing. This protocol is repeated typically every 256ps (typ. 16ps bit-time), representing the actual
ERR[2:0] state at the start of the PWM cycle.

The falling edge at SLM between typ. 56.3% and 93.8% represents the ERR[2:0] register status (only for enabled channels - disa-
bled channels or channels without failure are treated as ‘0" in this PWM, see table below. Remark, a potential failure flag re-
mains stored internally for re-diagnosis). Furthermore, in case no error is detected by E522.8x (e.g. state “Active Mode, Normal
Operation”), SLM is continuously driven ‘low’.

Note, that if all channels are disabled during FFM by IR dimming, SLM provides a static ‘high’ level (all ERR[2:0] entries are
blanked by dimming). If the ‘off’ condition at IR is applied to a channel for typical >64ms, the according entry in ERR[2:0] regis-
ter is reseted to ‘0’, see also chapter 5.6 RUN Interface and Diagnostics”.

For physical layer implementation, make sure the output level is limited to avoid detection of SLM operating mode, e.g. by us-
ing an external NPN bipolar transistor per E522.9x (,Figure 5. SLM Configuration®).
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Table 1. PWM Dutycycle Reference Table for State “Active, Failure Feedback Mode”

PWM Dutycycle ERR[2], channel LEDx3 ERR[1], channel LEDx2 ERR[0], channel LEDx1
100% ‘0' ‘0' '0'
93.8% '0' ‘0' 1
87.5% ‘0' 1 ‘0’
81.3% '0' 1 1
75.0% 1 '0' '0'
68.8% 1 ‘0' 1
62.5% 1 1 '0'
56.3% 1 1 1

Digital ‘0’ represents either correct operation at LEDx or disabled channels (Vg > Vigpis )

Example A: PWM in case of channel LEDx2 failure detection (all channels enabled):
ERR[2:0] = ‘010’ ( no failures blanked by dimming at IRx )
=> PWM Dutycycle of 87.5%

Example B: PWM in case of channel LEDx2 & LEDx3 failure detection (channel LEDx2 disabled):
ERR[2:0] = 110’ ( failure at channel 2 is blanked by dimming, thus the relevant register value becomes ‘100" )
=> PWM Dutycycle of 75.0%

5.6 RUN Interface and Diagnostics
Diagnostic features provided in E522.90-93 include the monitoring of

= High resistive IRy drivers for each channel (e.g. in case of ‘open’ connection for any of the connected devices)

= Short-circuit at IRy drivers to GND for each channel

= Short circuit of LEDxA/B to GND for each channel (checking for a static threshold of Vo, srokr)

= Open LEDxA connections for each channel (E522.9x family members provide different thresholds of Vs to enable this
monitor, thus avoiding wrong ‘OPEN’ error detection in case Vs is smaller than the forward voltage of the LEDs (Vo)

= Internal junction overtemperature (disabling all channels)

= Vs voltage monitoring for undervoltage (providing defined behaviour for slow supply ramping)

The driver “OPEN” detection is relative to the actual current configured at IRy. This detection is active if the supply Vs is higher
than Vs piacy, Which is a family member specific threshold.

Ifa defect at any of the channels is detected, it is stored for selective re-diagnosis. Dimming at either ENA or Vy does not delete
this information. A diagnosis cycle showing removal of the erroneous conditions, VS under-voltage or permanent disable of all
failing channels via IR input (see below) resets the stored flag(s) to ‘0".

Erroneous channels can be deactivated and removed from state consideration by setting the according Vg, > Vig pis. Once the
disable request exceeds a length of typ. 64ms (in any mode other than ‘Sleep Mode’ or VS Reset’), the channel will no longer
be considered for SLM or FFM state. In this way, e.g. a SLM application may be re-enabled (without the erroneous channel). For
details see statediagram, global transitions into VS_RESET state.

Re-diagnosis in case of continuous operation is performed on a regular time-basis of te reoing to allow replacement of defect
loads / LEDs for such applications.

A loss of VS connection for a single E522.9x is propagated via RUN being set to low, as well as for ENA being ‘low’ (e.g. in case
of ‘OPEN’ failure at ENA).
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Figure 6. RUN Interface

The basic structure of the RUN interface is shown in Figure 6. Please note, that the purpose of the RUN bus is to form a direct
connection to other family members E522.9x or local circuitry, preferably on the same PCB. Only in this case or if RUN is unused,
the components Cgyy and Reunpy Mmay be omitted. They are recommended to protect the bus for additional requirements (e.g.
EMC). The interface itself is not designed for usage in a wiring harness without adequate protective measures.

The limits for usable values for Cyyy and Reunpy are given by the tolerable delay at startup or from standby together with the cur-
rent limitation for the RUN interface (see ,RUN Interface and Diagnostics”). Furthermore, Regynpy Can contribute to sleepmode
current consumption due to RUN being driven active low in this case.
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5.7 Exemplary Application Topologies

This chapter provides various exemplary Application topologies and use-cases for E522.90/91/92/93. From basic setup to full
automotive setup there are typical options given, which of course can be combined to more complex systems. Please make
sure, that examples taken from this chapter fulfil your application requirements.

5.7.1 Basic Application Topology

N

RUN LED1B
VS LED1A
—T— GND us LED2B
T | - au]|€lmos’ [ eon
IR1 E522.90 LED3B
<> IR2 LED3A i
IR3 SLM
— L V| x| Wr
I Vo I v I Y

Figure 7. Basic Topology
This is an exemplary basic implementation using E522.90/91/92/93 Family members. The basic features are

- Permanent operation of all LED strings

- Individual current configuration for each LED String

- Channels diagnostic does not interfere between channels (FFM mode used - see SLM pin and RUN pin open)
- Capacitors at the LED loads are used to improve PSRR of the circuit or to protect LEDs from ESD pulses

5.7.2 Basic uC RGB Setup

RUN LEDIB
VS LED1A
L GND e | LEDB
T  onlelmos [ewn ™
IR1 E522.90 LED3B
<> IR2 LED3A
IR3 SLM
o Vo Vo
A s Y U

External
ucC

Figure 8. RGB uC Topology

RGB driving is possible using the individual current configuration per channel of the LEDs via IR. An additional pController drives
the resistors to GND (enable of channel) or to its supply (disable of channel).

-External controller provides colour mixtures by dimming at either IR, , 3 or ENA

- Optionally, instead of digital signals, an analog reference can be generated by the controllers DAC to the ENA pin (with respect
to the input impedance of ENA)

- Diagnostic feedback is provided from SLM by failure-feedback mode, indicating potential issues for a channel via PWM signal.
In this way e.g. redundancy can be build for the colours, compensating a single channel fail with another LED string

Hint: Make sure, that the voltage drop across the controller ports is low to make sure, that reference current
remains accurate.
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5.7.3 Six Channel Cluster and Supply-Dimming

E522.90
RUN LepB —  }——
™~ * Vs LEDIA
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GND LEp2B —  F——
) L]
o—{ | ENA LED2A
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GND LEp2B —  F——
L]
ENA LED2A
IR1 LED3B
IR2 LED3A
IR3 SIM |— 5 7’ 4
)
E 7 \/F \/F

*) optional

Figure 9. Six Channel Cluster in SLM

This Application is a six-channel cluster, that makes use of the following product features:

- Digital Dimming via supply line is possible. ICs remain powered by reverse polarity protection and input capacitors,

consuming only very low sleep mode currents.

- Single-Lamp Mode (SLM) is configured, deactivating all LEDs in case of a single channel failure on any LED Output.

RUN connection is used to propagate the information between ICs, imitating the failing behaviour of a bulb if

necessary.

- Thermal management resistors are applied to distribute the power on the PCB
- The optional divider indicated can serve multiple functionalities, e.g. an increase of ENA thresholds, analog lowvoltage
or under-voltage derating, protective functionality or pull-down at the reverse polarity protection diode

This document contains information on a pre-production product. ElImos Semiconductor AG reserves the right to change specifications and information herein without notice.
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5.7.4 Thermal Management and Parallel Operation

E522.90

N

™~J
l L1 RUN LED1B
I VS LED1A
GND LED2B

T O
ENA LED2A
IR1 LED3B
TO

<> IR2 LED3A
IR3 SLM

Figure 10. Thermal Application Topology
In this setup more thermal handling options are presented:

- Thermal shunts at LEDxB are used for power-distribution on the PCB

- Temperature depending divider at ENA provides derating, if the divided voltage falls below the internal reference of E522.9x
- Parallel operation of two channels to increase output current

- An optional fail-indicator LED is connected to RUN, which may be useful e.g. to identify defect PCBs

- Capacitors parallel to loads improve PSRR and thus the lifetime of the LEDs in case of e.g. ESD events

This document contains information on a pre-production product. Elmos Semiconductor AG reserves the right to change specifications and information herein without notice.
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5.7.5 Automotive Cluster Application
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Figure 11. Automotive Cluster Application

}_i

The application shows additional elements, that are typically useful for an automotive environment. Further elements may be
necessary (e.g. input protection or suppressor diodes as required).

Features of this setup are:

- Digital dimming via battery line, e.g. from control modules highside driver

- RUN diode-Or bus for failure indication, making use of central bus pull-up resistor to VS.

Hint: Take the resistor into account for sleep mode current consumption (ENA ‘low’ leads to active-low RUN state for all disa-
bled ICs)

- If the RUN diagnostic bus drawn is not used by means of e.g. a local controller, it can be omitted for FFM (leave RUN pins just
open)

- FFM (Failure-Feedback Mode): SLM is shared by more than one IC, driving a potential feedback path to the control module. In
this mode a failure is reported, the cluster remains active

- Exemplary single-channel deactivation via IR Resistor to VS at lower IC

- Various protective devices added for automotive environment, like e.g. damping R-C network for inductive supply line

- Topology can be extended by further devices of the E522.9x / E522.8x family to build larger clusters

This document contains information on a pre-production product. ElImos Semiconductor AG reserves the right to change specifications and information herein without notice.
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5.8 Dimensioning Formulas and Power Calculation

The following section provides initial dimensioning formulas for E522.9x applications. All values derived in this section must
be verified by suitable prototyping measures.

7 _ AI,LEDx/I,IRx' V ik
LED,x R
IR

which can be re-written to

AI,LEDx/I, IRx VIR
R =

ILED,x

Typical values for calculations are A, epxiir« = 311 and typ. Vignow generated internally of 1.5V. Details on reference generation
can also be found in ,Figure 2. IR Reference Generation” of chapter ,5.3 IR Driver".

The power shunt Reyyyr located at pin LEDXB is recommended to be calculated from it’s maximum static power rating Pg spunr-
Please note, that this rating is usually a function of ambient temperature as well. Further details about the thermal distribu-
tion principle can be found in the according chapter ,5.2 LED Driver” and ,Figure 1. Power Management Example using a Chan-
nel of E522.9x at 55mA",

R _ 0-9'PR,SHUNT
SHUNT — I
LED

To calculate the power in E522.9x for a typical application, the load voltage Vioape0« must be taken into account per channel.
The maximum static supply voltage level is assumed to be Vs uax. Part of the total power in the linear regulating system is dis-
sipated by Rsyunr. In addition the input reverse-protection diode (e.g. in automotive environments) reduces the input voltage of
E522.9x by it’s forward voltage drop (Vpiogev)-

PE522.9x:(VVS,MAX_ VDIO,REV)'(Z ]LEDx+]GND,OP)_Z PLOAD_Z PR,SHUNT
Z PLOAD: ]LEDI' VVLED1+ ILEDZ. VLED2+ ]LED3' VLED3

2 2 2
Z P R, SHUNT — 1 LEDI" RSHUNTI +17 LED2" RSHUNT2+ 1 LED3" RSHUNT3

The power formulas are valid, in case the current per channel is fully driven via pin LEDXB through Rsuunr (which should be the
case at Vysmax). It is recommended to design the external power shunts in this way. If the devices are operated between Vs »;
and Vs, (see ,Figure 1. Power Management Example using a Channel of E522.9x at 55mA" and according description), make
sure Rgunr can dissipate sufficient power during input voltage transients higher than Vs yax.

If in fact the current is driven by both outputs LEDxA and LEDxB, there is a local maximum of power in E522.9x per channel.
Each local maximum is up to 1/4 of the maximum power the thermal shunt is designed for (see above, e.g. 0.9 * P spunr)-
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6 Package Reference

All devices are available in a Pb free, RoHs compliant SOIC16N-EP plastic package according to JEDEC MS-012-F, variant BC. The
package is classified to Moisture Sensitivity Level 3 (MSL 3) according to JEDEC J-STD-020 with a soldering peak temperature

of (260+5)°C.

Top View

| \

‘ |
P11 ————t——
(Note 1D I ‘

L 1

Side view

Side View

SIS

DETAIL A

N ——

DETAIL A

% phi 1
jo2aee plane

A

o = | g ] oh

* “ ’\Semting plane base plane L

Al —
Description Symbol —. mm ; nch
min typ max min typ max

Package height A -- - 1.75 -- - 0.067
Stand off Al 0.00 -- 0.15 | 0.000 -- 0.006
Package body thickness A2 1.25 - - 0.049 - -
Width of terminal leads, inclusive lead finish 0.31 -- 0.51 0.012 -- 0.020
Thickness of terminal leads, inclusive lead finish c 0.10 -- 0.25 0.004 -- 0.010
Package length D 9.90 BSC 0.390 BSC
Exposed pad length D1 2.290 2540 | 2800 0.090 0100  0.110
Package width E 6.00 BSC 0.236 BSC
Package body width E1 3.90 BSC 0.154 BSC
Exposed pad width E2 1780 2030 2290 0.070  0.080  0.090
Lead pitch e 1.27 BSC 0.050 BSC
Length of terminal for soldering to substrate L 0.4 - 1.27 0.016 - 0.050
body chamfer (45°) h 0.25 - 0.50 0.010 - 0.020
Angle of lead mounting area phi [ 0 - 8 0 - 8
mold release angle phit [ 5 -- 15 5 -- 15
Number of terminal positions N 16 16

Note: the mm values are valid, the inch values contains rounding errors
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7 Functional Safety

The development of this product is based on a process according to an ISO/T516949 certified quality management system.
Functional safety requirements according to ISO 26262 have not been submitted to ElImos and therefore have not been con-
sidered for the development of this product.
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8 Record of Revision

Chapter |Revision | Change and Reason for Change Date Released EImos
- .00 Initial revision Feb 15,2016 |DHOE/ZOE
. Product Clasification changed from “Product Preview” to “Prelimi-
.01 nary information” Aug3,2016 |ASU/ZOE
5.5 .01 Text after Figure 5 revised and Table 1 description revised

Aug 3,2016 |ASU/ZOE
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WARNING — Life Support Applications Policy

Elmos Semiconductor AG is continually working to improve the quality and reliability of its products. Nevertheless, semicon-
ductor devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
It is the responsibility of the buyer, when utilizing ElImos Semiconductor AG products, to observe standards of safety, and to
avoid situations in which malfunction or failure of an ElImos Semiconductor AG Product could cause loss of human life, body
injury or damage to property. In the development of your design, please ensure that Elmos Semiconductor AG products are
used within specified operating ranges as set forth in the most recent product specifications.

General Disclaimer

Information furnished by Elmos Semiconductor AG is believed to be accurate and reliable. However, no responsibility is as-
sumed by EImos Semiconductor AG for its use, nor for any infringements of patents or other rights of third parties, which may
result from its use. No license is granted by implication or otherwise under any patent or patent rights of Elmos Semiconductor
AG. Elmos Semiconductor AG reserves the right to make changes to this document or the products contained therein without
prior notice, to improve performance, reliability, or manufacturability.

Application Disclaimer

Circuit diagrams may contain components not manufactured by ElImos Semiconductor AG, which are included as means of
illustrating typical applications. Consequently, complete information sufficient for construction purposes is not necessarily
given. The information in the application examples has been carefully checked and is believed to be entirely reliable. However,
no responsibility is assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semicon-
ductor devices described any license under the patent rights of Elmos Semiconductor AG or others.
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