A6274, A6274-1
A6284, A6284-1

Linear Current Regulator and Controller
for Automotive LED Arrays

DESCRIPTION (continued)

A GATE pin is provided to drive an external P-channel MOSFET, The A6274 and A6284 provide a non-latching option while the
A6274-1 and A6284-1 provide a latching option.

which serves as an active ballastresistor to reduce the heat dissipation
within the IC package. It also serves as an input disconnect switch

in the event of an LED string short-to-ground fault.

SPECIFICATIONS
SELECTION GUIDE
FAULT Response —
Part Number ILED(MAX) (see Table 2 for details) Package Packing [1]
AB6274KLPTR-T 60 mA per channel Unlatched MODEO
AB284KLPTR-T 120 mA per channel Unlatched MODEO ) . ) .
20-pin eTSSOP with thermal pad | 4,000 pieces per 13-in. reel
A6274KLPTR-T-1 60 mA per channel Latched MODE1
A6284KLPTR-T-1 120 mA per channel Latched MODE1

1 Contact Allegro™ for additional packing options.

ABSOLUTE MAXIMUM RATINGS[2]

Characteristic Symbol Notes Rating Unit
Vin: Vour
VIN, OUT, DR, EN1, EN2, COMP, FFn Veowr Vors -0.3t0 45 \
Vent, Vena: Veen
Max of (0.3 or
GATE Veate Vin—9)to 45 v
LED1 to LED6 V| EDx -0.5t0 45 \Y
All other pins -0.3t0 6.5 V
Junction Temperature T, -40 to 150 °C
Overtemperature event not exceeding 10 seconds, lifetime
Transient Junction Temperature Ty duration not exceeding 10 hours, determined by design 175 °C
characterization.
Storage Temperature Range Tstg -55to 150 °C

2 Stresses beyond those listed in this table may cause permanent damage to the device. The absolute maximum ratings are stress ratings only, and functional operation of
the device at these or any other conditions beyond those indicated in the Electrical Characteristics table is not implied. Exposure to absolute-maximum-rated conditions for

extended periods may affect device reliability.

THERMAL CHARACTERISTICS

Characteristic Symbol Test Conditions [3] Value Unit
Junction-to-Ambient Thermal Resistance Reua Estimated, on 4-layer PCB based on JEDEC standard 29 °C/wW
3 Additional thermal information available on the Allegro website.
2
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PINOUT DIAGRAM AND TERMINAL LIST TABLE

Terminal List Table

Number | Symbol Function
ISET1 [1 20 | DR - y e
Sets LEDx sink current for LED1-3. Connect
ISET2 [ 2 19 | EN2 1 ISET1 | resistor to GND to set current, up to 60 mA
(A6274) or 120 mA (A6284) per channel.
VTH [_3 18 | EN1 -
Sets LEDx sink current for LED4-6. Connect
PWMIN 4 | o _____ 17 |VIN resistor to GND to set current, up to 60 mA
: : 2 ISET2 | (A6274) or 120 mA (A6284) per channel.
BIAS | 5 : : 16| GATE Connect ISET2 to BIAS if only one resistor
PAD setting is required for LED1-6.
l | g q
FFn|_6 | ! 15 | COMP
L6 I ! 15 ] Sets input voltage threshold for current foldback
LED1 7 e - ! 14 | OUT 3 VTH and Vgt threshold for open-LED fault (D, E, F,
and G) disable threshold.
LED2 lI Il LED6 PWM frequency setting. Internal PWM frequency
LED3 [ 9 12 ] LED5 set when connected to GND through a resistor
: :l 4 PWMIN and uses external PWM when a logic signal is
GND [_10 11_| LED4 applied to this pin.
Output of internal bias regulator. Connect a
5 BIAS 1 yF decoupling capacitor near to IC pin. BIAS
package LP, 20-Pin eTSSOP Pinout Diagram pin can deliver up to 7 mA to an external load.

Active-low fault flag. This pin can be used as
an input pin while using “-1” latching version. If
6 FFn pulled low, IC will turn all LEDs off for one-out-
all-out functionality across multiple chips in the
system.

Three LED current sinks. Connect the cathode of
each LED string to these pins.

10 GND Ground pin.

7,8,9 LED1-3

Three LED current sinks. Connect the cathode of

1,12,13 | LED4-6 each LED string to these pins.

14 ouT Connect to drain of series-pass MOSFET.
Connect a 470 nF capacitor across COMP pin
15 COMP | and drain node of external PMOS. If PMOS is

not used, connect this pin to VIN.
Gate drive for series-pass MOSFET. If PMOS is

16 GATE not used, connect this pin to VIN.
Input voltage to IC. Connect to source of series-

17 VIN pass P-channel MOSFET. Connect a decoupling
capacitor close to this pin.

18 EN1 Active-high-enable input for LED1-3.

19 EN2 Active-high-enable input for LED4-6.
Voltage on this pin sets dimming duty cycle

20 DR when 0 < Vpg < 3.6 V. IC operates with 100%
duty cycle in internal and external PWM mode
when Vpg > Vprpc(max)

_ PAD Thermal pad. Solder to ground plane for better

thermal performance.
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A6274, A6274-1 Linear Current Regulator and Controller
A6284, A6284-1 for Automotive LED Arrays

ELECTRICAL CHARACTERISTICS: valid at V| = 14 V, Vg, = 3.3 V; e indicates specifications across the full operating temperature
range with T, = —-40°C to 150°C; other specifications are at T; = 25°C, unless noted otherwise. Refer to Figure 1 for typical application circuit.

Characteristics | Symbol Test Conditions | | Min. | Typ. | Max. | Unit
INPUT SPECIFICATIONS
Operating Input Voltage Range VN ° 5 - 42 \%
Input Quiescent Currentl(1] lg Venx = high, FULL mode - - 6 mA
Input Sleep Supply Currentl['] losLEEpP VEnt = Ven2 = 0V; Vpr = Vgias ° - - 6 pA
INTERNAL BIAS CIRCUIT
BIAS Pin Voltage Veias lgas=0to 7mA, 56 VsVy<18V o | 475 5 5.25 \
. Minimum voltage drop across VIN and
BIAS Pin Dropout VBIASOROP | BIAS pins, IBIAg ~7 nﬁ’A, Vi BV - 03 - Vv
Vpas Undervoltage Release Threshold VgiassTarT | ViN rising ° - - 4.6 \%
Vgias Undervoltage Lockout Stop Threshold Veiasstop | Vin falling ° - - 4.2 \
P-CHANNEL MOSFET DRIVER SPECIFICATION
. Due to on-chip current limit, 10 V < Vy <18 V 4 - - mA
GATE Sink Current(1] |GATE(SINK) - — —
Due to on-chip current limit, V| =5V 2 - - mA
GATE Maximum Voltage (Wrt VIN) VGATE(MAX) VIN - VGATE' VLEDX =03V 8 10 12 \Y
GATE Minimum Voltage (w.r.t. V|y) Veareming | Vin— Veares Viepx =1V - 130 360 mV
Voltage measured (V|y — Vgare) at end of
PMOS Detect Threshold Veate(PMOS) startup to detect PMOS connected - 600 - mV
LEDx CURRENT DRIVER SPECIFICATION
) A6274; not in derating ° - 0.4 0.7 \%
LEDx Regulation Voltage [22] VLEDreg - -
A6284; not in derating ° - 0.55 0.85 \%
Measured at | , LEDx mismatch < 0.5V,
LEDx Accuracy [3] Ermieox |5y < Vi < 1"8'5'3/('\"-/"-‘3(): 0°C to 150°C - 2 35 %
ISET2 connected to BIAS; compared to
LEDx Matching[4] Al gpy average | gpy, measured at I gpmax), LEDx | © - 0.8 3 %
mismatch <1V, 5V <V <18V
. AG274 ° - 60 - mA
Maximum LEDx Current ILED(MAX) ey 120 "
° - - m
o AB274 - 6 - mA
Minimum LEDx Current ILeDMIN) oy > "
- - m
Maximum LED Current, ISETx Pin Short-to- | A6274 - 66 - mA
Ground[2l LED(SETshrt) [ coey B 129 _ mA
LED Current Ramp Time traMP lLepx 10% to 90% and 90% to 10% - 8 - us
) AB274 - 248 - A/A
ISETx to ILEDx Gain JdiLED AG284 492 AA
ISETx Voltage Level ViseT 0.015 mMA < liggTx £ 0.3 MA - 1.2 - \

Continued on the next page...
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A6274, A6274-1 Linear Current Regulator and Controller
A6284, A6284-1 for Automotive LED Arrays

ELECTRICAL CHARACTERISTICS (continued): Valid at V,y = 14 V, Vg, = 3.3 V; e indicates specifications across the full operating tempera-
ture range with T, =—40°C to 150°C; other specifications are at T, = 25°C, unless noted otherwise. Refer to Figure 1 for typical application circuit.

Characteristics | Symbol | Test Conditions | | Min. | Typ. | Max. Unit
PROTECTION
V|n Required to Derate |, gp by 10% ViNth(L) Vyry =1.84V 19 20 21 \
Vy Derating Range (Vi) t0 VininH)) ViNthd I ep drops from 90% to 50% level - 6.4 - \
MOSFET Drain Short Protection Threshold Voutsc) |Measure across OUT and GND pins - 1 - \
MDOU Sril:‘IS'FStl;?Lijr;Shod Protection Blank Delay tyouTscbink_strty| Protection disabled from enable instance - 12 - ms
MOS_FET Drain Short Protection Blank Delay t Protection blank time _ 1 _ us
During Steady-State (OUT.scbink_stdy)
String Short Detect Voltage Vsc(sTRING) }/r\g:::evl.LEEDD;iFokf/flrEeDi?e:gsu\ljl t<io\r;l;Ns§n1$8e ?/ 1.8 - 2.6 \
LEDx Not-In-Use Voltage Viepxnutr) | Detect during t ppges time period 0.18 0.26 0.34 \%
LEDx Pin Source Current I EDsrc Source current for Not-In-Use Detection 65 - 95 pA
LED Connected Detect Time t EDdet ENXx = high and Vgare < (V| — 3.3) at startup - 5 - ms
LEDx Short-to-Ground Detect Voltage Viep(sc) - - 0.16 \Y
Open-LED Disable Voltage VoLep gis | Measured at OUT pin, Vyry =2V - 10 - \
Input Overvoltage Threshold Vvinov Vent = VEne = high - 43 - \%
Thermal Monitor Activation Temperature [2] Tim T, where || gp drops to 90% level - Tier—21 - °C
Thermal Monitor Low-Current Temperature [2] Ty T, where | gp drops to 35% level - TE-7 - °C
Overtemperature Shutdown[2] T Temperature increasing - 175 - °C
Overtemperature Hysteresis[?] TyHvs) Recovery =T e — T nys) - 30 - °C
PWM DIMMING: INTERNAL AND EXTERNAL
Internal-to-External PWM Mode Delay taPwm,INEX) - 1 - us
External-to-Internal PWM Mode Delay tapwmexiny | Vewmin < Vioaicw) - 20 - ms
PWM DIMMING INTERNAL
Maximum PWM-Dimming Frequency fowmmaxy | 7-15 kQ between PWMIN and GND - 2050 - Hz
Minimum PWM-Dimming Frequency fowmminy | 71.5 kQ between PWMIN and GND 195 215 235 Hz
DR driven by resistor divider from BIAS,
Dpwmst?! | Vgias * Vpr = 27.78, PWM = 205 Hz to | 45 5.0 55 %
2 kHz
PWM Duty Cycle Dpwso \[;;Adsri:e\)/noEy=r(1e.s5ijt,0|;\?\mdfr2f(r)%r?1? |t/gs, 87 90 93 %
2 kHz
Voroe Minimum required voltage on DR for 100% 36 _ _ Vv
(MAX) | duty cycle
DR Pin Current('] lorsre)  |Vor=2V - - 1 pA
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A6274, A6274-1 Linear Current Regulator and Controller
A6284, A6284-1 for Automotive LED Arrays

ELECTRICAL CHARACTERISTICS (continued): Valid at V,y = 14 V, Vg, = 3.3 V; e indicates specifications across the full operating tempera-
ture range with T, =—40°C to 150°C; other specifications are at T, = 25°C, unless noted otherwise. Refer to Figure 1 for typical application circuit.

Characteristics | Symbol | Test Conditions | | Min. | Typ. | Max. Unit
LOGIC SIGNAL SPECIFICATIONS
FFn Output (Open Drain) VEEn(L) Irpn = 1 mA, fault asserted - - 0.4 \
FFn Output Leakage Current('] lrFnike) | Vern = 12V, fault not asserted -1 - 1 pA
PWMIN, ENx Low Voltage Vioeicw) ° - - 0.8 Vv
PWMIN, ENx High Voltage VioaicH) ° 2 - - \
FFn Input Low Voltage VErLocicw) :\)/:r?vl?/rfe:\ :\;Iglgr:zp:infcts as bidirectional ° — - 0.8 \
FFn Input High Voltage VEFLOGIC(H) ° 21 - - \
PWMIN Input Hysteresis VioaicHys) 150 270 - mV
ENXx Input Hysteresis Vi oGic(Hys1) 40 - - mV
ENXx Internal Pull-Down Resistance RppEny - 200 - kQ
COMP SPECIFICATIONS
COMP Source Current lcomP(SOURCE) - 320 - pA
COMP Sink Current[2] lcomP(sINK) - -320 - pA
COMP Startup Sinking Current lcompsTarT) | ViEDx IS < regulation voltage - 2 - mA

1 For input and output current specifications, negative current is defined as coming out of the node or pin (sourcing), and positive current is defined as going into the node
or pin (sinking).

2 Ensured by design and characterization, not production tested.

2a Max limit ensured by design and characterization, not production tested.

3 LED accuracy is defined for A6274 as |[1 - (Risetx * lLep(avg) * 298)]| and for A6284 as |[1 - (Risety X ILep(avg) * 590)II,
where | gpavg) is the average of | gpy through I gpg, Risery 18 in KQ, and I gp is in mA.

4 LED current matching is defined as [(ILgpy — ILep(avg) * LED(avg)]s With I ep(avg) @8 defined in Footnote 3.

Allegro MicroSystems

ALLEGRO
\ Manchester, NH 03103-3353 U.S.A.

microsystems www.allegromicro.com

Downloaded from AFFOW.COmM.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

A6274, A6274-1
A6284, A6284-1

Linear Current Regulator and Controller

for Automotive LED Arrays

FUNCTIONAL DESCRIPTION

Powering Up

The A6274/84 can be enabled either by ENX inputs or by input
voltage as shown in Figure 3 and 4 respectively. In both cases, the
IC starts when the internal bias circuit voltage, Vigjag, rises above its
starting level, Vgiagstart- Any existing latched fault is cleared.

The IC shuts down when input voltage or both ENx inputs fall such
that the internal bias circuit voltage, Vgj5g, drops below its stopping

level, Vigiasstop-

EN1 is the active-high-enable input for LED1-3 while EN2 is the
active-high-enable input for LED4-6. To drive all the LED strings
with common EN input, connect EN1 and EN2 together. EN1 and
EN2 pins are high-voltage tolerant and can be directly connected to a
power supply.

Refer to Figure 3 for startup with ENx. Once ENx goes high,
the BIAS regulator is allowed to start after a few microsec-
onds internal delay (A to B), and the IC powers up when
Viias > Viiasstart (at €). Once the IC powers up, it will
check LEDx pin voltage to identify if any LEDx pin is used,
unused, or shorted to ground.

After startup, for the time period of t| ppg; (C to D), the IC
detects unused LED sink pins by injecting current I} gpg, to
LEDx pins and measures voltage on the LEDx pins. If the LEDx
voltage is equal to Vi gpynurr), the IC detects it as an unused
channel and disables the corresponding LEDx channel. The inter-
nal current source, I} gpg.c, 15 removed after t; gy time period
and disabled strings will be removed from the regulation loop.
The unused pin, with the pull-down resistor, will be taken out of
regulation at this point and will not contribute to the series-pass
regulation loop or fault detection. The FFn pin remains high dur-
ing the t; ppq. period. The enabled strings will be continuously
monitored, and can be treated as a fault after the t; gpy. period.

Table 1: LED Detection Voltage Thresholds

—{ate  COMP oyt
—]VIN LED1 f—————
% %
LED2 F—j¢—i¢—
% %
—1 ENt LED3 _z"_.«"_'
4 /4
—|BIAS  A6274-84 |Eps 7 ”
— VTH 33kQ
LED6
—FFn oND 3.3kQ
—{ R 1
—] PWMIN =
—]ISET1
—]ISET2

Figure 2: Channel-select setup using LED1-4; LED5-6 un-
used. LED5-6 connected through 3.3 kQ resistor to GND.

All unused pins must be connected with a resistor connected from
LEDx to ground, as shown in Figure 2. LEDX pins source Ij gp¢q
current. Voltage on an LEDx pin, when connected through resis-
tor, will be Vi gpyvurLr)-

FULL and DIM Mode

When the DR pin voltage is above Vprpcavax). the LEDs
operate with 100% duty cycle (FULL mode). In FULL mode,
the LEDs turn on with 100% duty cycle regardless of internal
or external PWM mode. When the DR pin voltage is lower than
Vbrbcmax) the LEDs operate with PWM dimming (DIM
mode). PWM frequency and duty cycle in DIM mode is con-
trolled by the PWMIN and DR pins.

LED Pin Voltage Level LED Pin

Action

Viepsc) (<160 mV) Indicates short-to-ground

FFn goes low after t; gpqet time period.

VLEDX(NULL)

(>180 mV, <340 mV) Not used

Unused LEDx is removed from regulation loop. Related sink remains disabled and
latched until it is re-enabled.

VLEDx(NULL,max) (>400 mV) LED pln in use None
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A6274, A6274-1
A6284, A6284-1

Linear Current Regulator and Controller

for Automotive LED Arrays

PWM Dimming in DIM Mode

LED dimming during DIM mode can be controlled internally by
the A6274/84, or externally. For external PWM mode, connect an
external clock pulse on the PWMIN pin, which controls dim-
ming, frequency, and duty cycle. The A6274/84 detects the logic
level on the PWMIN pin. When logic voltage is applied on the
PWMIN pin, the IC switches to external PWM mode where dim-
ming, frequency, and duty cycle are directly controlled by signals
on PWMIN pin.

In internal PWM mode, dimming frequency can be set using a
resistor connected from PWMIN pin to GND as shown in Fig-
ure 1. It is not necessary to select the PWM mode before startup:
the IC will transition from internal to external when PWMIN is
raised above Vi oGy and it will transition from external to
internal when external PWMIN signal is removed for more than
20 ms. LEDx will not blink; they will be off during this period.

The recommended range for PWM frequency is 200 Hz to 2 kHz.
Maximum PWM frequency is limited due to acceptable error

at minimum PWM duty cycle. At higher PWM frequency and
smaller duty cycles, error in LED current increases due to slow
ramp-up and ramp-down in LED current. It is recommended to
use a minimum on-time > 20 us.

The equation for internal PWM frequency setting with the
PWMIN pin resistor is given by:

Jpwar = (14165 = Rppypy) + 19

where fpyy is in Hz and Repyyy, i8 in kQ. For example, with a
29.4 kQ resistor, fpyy = 500 Hz.

Rppwy must be greater than 5 kQ for internal PWM; below this
value, the PWMIN pin is detected at a logic-low level and oper-
ates in external PWM mode.

The voltage on the DR pin determines the operating duty cycle.
For better accuracy, derive this voltage from BIAS using a volt-
age divider. The PWM duty cycle depends on the ratio of the DR
and BIAS pin voltages. The duty cycle can be reduced, down to
5% (see Figure 5), as:

PWM(%):139 X VDR+VBIAS

where Vpg and Vpag are in volts (V).

100 —
/,
= 8 -
2 >
S 60 >
(&)
& ~
a 4 -
§ 1
o 2 -
4,
0,7\
0 0.6 12 18 24 3.0 3.6
Vior (V)

Figure 5: Relationship of Voltage on DR pin (VDR)
and Dimming Duty Cycle

Vpr can be varied from 0 to 3.6 V

LED Current Setting

The peak LED current can be set at up to 60 or 120 mA per chan-
nel through the ISETx pin. ISET1 sets current through LED1-3
and ISET?2 sets current through LED4-6.

By connecting ISET2 to BIAS, ISET1 current can be mirrored on
all enabled LED channels (LED1-6). This will improve current
matching between LED1-6 when all LED strings are identical.

Connect a resistor, Riggty, between ISETx pin and ground, to set
peak LED current through each channel. The value of peak LED
current through each LEDx sink is given by:

for A6274
for A6284

where I} gp is in mA and Rgpt, in kQ. This sets the peak current
through each LEDx, referred as the 100% Current. The average
LEDx current can be reduced from the 100% Current value by
dimming PWM duty ratio.

I EpEak) = 298 = Rigpry (KQ)
I Eppeak) = 590 + Rigppy ()
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A6274, A6274-1
A6284, A6284-1

Linear Current Regulator and Controller

for Automotive LED Arrays

Input Overvoltage Derating

This feature takes effect at higher Vyy levels, limiting power
dissipation in the IC and the external MOSFET. At higher input
voltages, output current drops corresponding with increasing Vpy.
Output current is controlled with peak current (see Figure 6). The
Vi threshold can be set with an external resistor divider con-
nected from BIAS to VTH. The LED current drops to 90% at the
Vinencry level and to 50% at Vi, level. LED current further
drops to 40% and stays at this level for higher input voltages.
Voltage on VTH pin sets the Vi r) level, and the Vi) level
is typically higher than Vi) by Vingng (6.4 V).

The recommended range for Ving ) is from 18 to 36 V.
Vinena) = 10 X Vg + 1.6

where Vi) is the supply voltage level where LED current
drops to the 90% level, and Vyqy is the voltage on VTH pin. Fig-
ure 7 shows relation between voltage on VTH pin and Vin ).
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Figure 6: Input Voltage Derating
(VVTH =1.64 V)
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Figure 7: Relationship between V g, ) and
Voltage on the VTH Pin

Thermal Derating and Protection Shutdown

This feature takes effect at higher temperatures, limiting power
dissipation in the IC and external MOSFETs. At higher tempera-
tures, the LED current drops with increasing Ty, as shown in Fig-
ure 8. Thermal shutdown (TSD) completely disables the outputs
under extreme overtemperature (>175°C) conditions, and FFn
goes low. The IC restarts when the temperature drops by 30°C.
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Figure 8: Output Current Foldback Based on Rising T
Output current changed by DC current control; when temperature
exceeds 175°C (typ), the IC turns off due to TSD function, and turns
on again at 145°C (30°C (typ)) hysteresis.

Operation of the Series-Pass Regulator

The A6274/84 consists of six regulated and matched current
sinks, and a series-pass regulator controller to minimize power
dissipation in the sinks. The series-pass regulator is controlled
such that all LEDx pin voltage is above regulation. LEDx pin
having maximum forward voltage drop will be regulated by
series-pass regulator. This ensures optimum voltage supplied to
common-anode node of LED strings to drive all strings at the
desired current.

A capacitor connected across COMP to the drain of the external
MOSFET provides a pole for control-loop stability. It is recom-
mended to use NTB5605 or NTD2955 as external PMOS.

When the external PMOS is not used, connect the GATE and
COMP pins to VIN. When the PMOS pre-regulator is not used,
the LED string short faults B and C will be disabled.
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A6274, A6274-1
A6284, A6284-1

Linear Current Regulator and Controller

for Automotive LED Arrays

MOSFET Drain Short to GND Fault (FAULT A)

This fault is detected when the voltage at OUT pin drops below
Voursc)- If the OUT-to-ground short circuit is caused by a weak
shorting link, voltage on OUT pin may not drop below Voyr(sc)-
In that case, this fault will not be detected and high current will
flow through the MOSFET.

During startup, the MOSFET drain short to GND is detected after
taOUT,scbink_strt) delay from part enabled (ENx pin pulled high and
Viias > Vgiasstary)- During this period, the MOSFET may draw
significant current. Current through the MOSFET is limited by
Rs(om Of the MOSFET and external parasitic resistance from bat-
tery to MOSFET source.

During normal operation, the MOSFET drain short to GND fault
is blanked for tyour,scbink stdy) Period.

Open-LED (FAULTs D, E, F, and G)

During normal operation, if the voltage on any enabled LED
pin drops too low (Vi gpy < Vigpsc)) and Voyr is greater than
VOoLED dis» it may indicate either a short across LEDx and GND
(Fault E), an open-LED (Fault F), a mid-LED-string short-to-

Q1
N 1 . A VouT
i5) T et
SWA
LED
AR . LED2
+ Min
Gate Select
Driver - _ LED6
1 04V
o PWM i
PWMIN| Generstor [ 'REF Dst

Figure 9: External MOSFET Regulator Loop

ground (Fault D), or LED common-anode open (Fault G).

LEDs in faults D and E will only be reported on FF pin, but will
not be protected, if MOSFET QI is not used.

Short LED Faults (FAULTs B and C)

Short LED faults are detected while LED sinks are in regulation
and Vi gpy — ViEDreg > Vsc (STRING).

Open-LED Disable Threshold

At power-up (EN1 or EN2 raised to logic high), if the input volt-
age is below V1 gp gis> faults D, E, F, and G will be disabled.
Once Vyy is raised above V| pp gis> the faults are enabled and
will remain enabled unless Vg5 drops below Vgiasstop- The
IC will continue to operate normally in cases where these faults
exist. Vo gp gis Value is given by:

VoLep ais =35 * Virn
Voltage on VTH pin sets the input voltage derating threshold
(Vini(w)) as well as the open-LED disable level (Vo gp gis)-
Select the Vy 1y voltage suitable to avoid an open-LED fault due
to insufficient input voltage.
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* C2 should be placed as close to the input connector as possible.
Good filter layout practices should be adhered to.

Figure 10: Various Faults Handled by A6274/84
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A6274, A6274-1
A6284, A6284-1

Linear Current Regulator and Controller
for Automotive LED Arrays

Table 2: Fault Description

Auto- LED Ballast
Detection Criterion FFn X MOSFET Operation
Fault Restart Sinks a1
MODE State —» | 1 | 0 [1or0|1[0] 1 | 0 1 0
Vour < Vout(sc)-
Fault detected after
i | taouTscoink st blanking ; ; ; :
A MOSFET drain fime from Q1 gate No Low All Turn Turn Off IC shutdown and FFn pin goes low. This state remains latched until VIN or any
shorted to ground . Off ENXx toggled.
enabled. During normal
operation, this blanking
time i tyout,scbink_stay)
Group 1 Faults Based on Maximum LEDx Pin Voltage
While LED sinks are in = % % ICFthnutdigwgssnd LEDXx pin voltage on faulty string increases and IC detects
regulation. Sensed from 2 § 5 § low 'IPhisgstate the fault. IC responds only by pulling FFn pin low as long
B | One LED short Viepx oV, . No | Yes | Low 52| ¢ = - as fault present. Power dissipation in the faulty LED sink
LEDx ™ TLEDreg | 2| 5| & | remainslatched | . ) . ;
Vieox = VieDreg > | g - S until VIN or any increases and may hit TSD. Current in LED still regulated
Vsc(sTRING) & & ENx toggled. to set level. FFn stays low as long as fault detected.
IC shutdown and
Igvin'IPr:?sgs?:tse LEDx pin voltage on faulty string increases and IC detects
reméins latched the fault. IC responds only by pulling FFn pin low as long
. ) i ) ) , as fault present. Power dissipation in the faulty LED sink
C | Short LED string . No | Yes | Low . until VINorany | . . . :
ENx toagled. LED | Increases and may hit TSD. Current in LED still regulated
pins?gte dlfor to set level. FFn stays low as long as fault detected.
45V to protect IC LED pins rated for 45 V to protect IC against this fault.
against this fault.
Group 2 Faults Based on LEDx Pin Voltage Vi gpsc
LEDx pin voltage on faulty string drops and IC detects the
fault. For a brief time, V7 increases due to open-loop
operation. Q1 turns on harder as the LEDx pin voltage on
faulty string drops below regulation. V7 rises close to
= <=g <=g ICFthnu:;jir(])v;g:Snd Vin- Vour drops to regulation level after removing the faulty
Mid-LED-string Vour > VoLep,_dis anFi CC> 5| & 5 low. This state string from regulatiop loop. The faglty string removed from
D any enabled LEDxpin | No |Yes | Low | 5| = | ¢ | £ ) Q1 regulation loop and sinks turned off.
short-to-ground | & 5 £ | remains latched . ;
voltage < Vigp(sc) | g - s until VIN or an During output overshoot time, Fault B may also be detected
& & ENx foaaled y by the IC but it does not affect the operation.
ggled. Faulty string will be out of Q1 loop regulation until voltage
on faulty string rises above regulation level or VIN or any
ENx toggled. FFn pin stays low as other string shorted to
ground.
E LEDx pin short- No | Yes | Low |« |er| wv | w»
to-ground
F | LED string open No | Yes | Low | “" [* * *
Voltage on all LED pins drop below regulation level. Vit
rises close to Vjy and stays at this level as all LEDx pins
G LED common- ) No | Yes | Low A y y y removed from regulation. Sinks remain active and internal
anode open ' ' ' gate of sink driver rails high. When a string connected back,
Vour controlled by this string. There will be a small LED
current overshoot. FFn pin stays low if any string is open.
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A6274, A6274-1 Linear Current Regulator and Controller
A6284, A6284-1 for Automotive LED Arrays

Table 2: Fault Description (continued)

Detection Criterion Auto- FFn LED Ballast Operation
FAULT Restart | FAULT | Sinks | MOSFET P
MODE State — 1o0r0 10r0 1o0r0 1o0r0 10r0
String-to- This condition is not | Operate Operate | Operate | IC operates normally. LED currents in shorted string may not
H ; Normal
string short detected Normally Normally | Normally share same current
IC shutdown and FFn pin goes low. This state remains
Thermal Junction All Turn latched and re-enables when junction temperature drops
Shutdown temperature Yes Low off Turn Off | below 145°C. This is a non-latching fault, but this fault leads
exceeds T ¢ to a Fault A condition if thermal shutdown is long enough to
allow the OUT capacitor to fully discharge.
LED
Thermal Junction Operate current Operate
. temperature P Normal | derated P LED current derated based on junction temperature
Derating Normally Normally
exceeds T based on
T,
Input voltage Vg ctlﬁeDnt
V,y Derating exceeds threshold | Operate Normal | derated Operate LED current derated based on supply voltage and VyTy
set by voltage on Normally Normally setting.
) based on
VTH pin
Vin
Undervol_tage Vg|as below Yes Low All Turn Tumn Off All faults cleared when this fault occurs. IC restarts when
Protection VBIASSTART Off VBias > VBiassTART
Vv Input voltage V |y Al Turn This is a non-latching fault but this fault leads to a Fault A
IN exceeds Vinovin Yes Low Turn Off | condition if the overvoltage is long enough to allow the OUT
Overvoltage Off . .
level capacitor to fully discharge.
Notes:

* If the non-latching fault condition causes OUT voltage to drop below Voyr(sc), the IC will latch as described in Fault A.

* Once faulty condition is detected, FFn goes low after fault blanking time.  Fault blanking time for Fault A is 1 ps; fault blanking time for Fault B and C is 3 ps; fault blanking
time for Fault D, E, F, and G is 65 ps.

« For non-latching part, ignore FFn status when duty cycle is below 5%.

* For non-latching part, it is recommended to use a small capacitor of 4.7 nF from FFn to GND with a 10 kQ FFn pull-up resistor during dimming mode.
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A6274, A6274-1
A6284, A6284-1

Linear Current Regulator and Controller

for Automotive LED Arrays

Power Derating Based on T

An external MOSFET dissipates excess voltage (Vin, VgD
VLEDreg) and minimizes power loss in sinks. When an external
MOSFET is not used, as shown in Figure 17, internal sinks drop

this excess voltage, and power dissipation in sinks increases. The
A6274/84 derates the LED current based on junction temperature
to extend its operating range. A typical example (below) shows
LED current derating and junction temperature of the IC (T)) at
different VIN conditions.

EXAMPLE 1
Table 3: LED Current Derating and Junction Temperature of the IC (T,) at Different V|y Conditions
Symbol Value Units Description
Viep 7 \% Total LED string voltage at desired LED current
lout 0.36 A Total LED current
Ta 90 °C Ambient temperature
ReJa 30 °C/IW Junction-to-ambient thermal resistance for the IC
Tim 154 °C Junction temperature at which LED current drops to 90% level. Refer to Figure 8.
ViNMIN) 9 \% Minimum input voltage
VinvAx) 40 \ Maximum input voltage
0.40 180
—_ 170
0.35 \ . | —
SN —
< \ 140 /‘
~ 020 N — 130
3 01 120 //
0.10 — 110
100
0.05 90
0.00 80
8 12 16 20 24 28 32 36 40 8 12 16 20 24 28 32 36 40

VIN

(a) Output combined LED current derating with supply voltage variation.
LED current drop at higher V| due to excessive power dissipation.

0.40

VIN

(b) Junction temperature T of the IC with supply voltage variation

.

0.35

~N

0.30

N

0.25

0.20

lour (A)

0.15

0.10

0.05

0.00

140 145 150

155

160 165 170 175

T,

(c) Output combined LED current derating with junction temperature of the IC

Figure 11: Thermal Derating
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A6274, A6274-1

A6284, A6284-1

Linear Current Regulator and Controller
for Automotive LED Arrays

Power Derating Based on Input Supply Volt-

age V|

The A6274/84 derates LED current based on the supply voltage

external transistor can be limited at higher input voltage. The

example below shows the selection of Vyqy to limit MOSFET
junction temperature below 140°C. Refer to Figure 1 for typical

and reference voltage on the VTH pin. Power dissipation in the

EXAMPLE 2
Table 4: LED Current Derating and Junction Temperature of the IC (T,) at Different V,y Conditions

application.

Symbol Value Units Description
Viep 7 \Y Total LED string voltage at desired LED current
lout 0.36 A Total LED current
Ta 90 °C Ambient temperature
Reua 10 °C/IW Junction-to-ambient thermal resistance for MOSFET
Vi EDreg 0.4 \Y LEDx pin regulation voltage
ViniNy 9 \Y Minimum input voltage
ViNmAX) 40 V Maximum input voltage
VyTH 1.64 \Y External voltage applied to VTH pin
ViNth(L) 18 V Input voltage at which LED current drops to 90% level; refer to Figure 7
14 T T T T T 0.35
12 - — without thermal derating S 030
—— with thermal derating Ty \
10— — 025
= £ N
2 3 ' & 020 AN
o 6 // 2 0.15 \
] “ Q N
4 e ® 010
2 v 0.05
/1
0 0.00
0 5 10 15 20 25 30 35 40 45 10 15 20 25 30 35 40
Vin (V) Vin (V)
(a) Power Dissipation in MOSFET (RED — unlimited power dissipa- y P
tion, Blue — Power dissipation with V|y derating) (b) Worst-Case Power Dissipation in IC
0.40 160
0.35 ‘\ 140
/
030 N 120 — N
025 AN 100
< \ iy
< 02 = &
3 \\ (<]
= 015 60
0.10 40
0.05 20
0.00 0
10 15 20 25 30 35 40 10 15 20 25 30 35 40
VIN (V) VIN (V)
(c) Output Current Derating (d) MOSFET Junction Temperature
Figure 12: Input Voltage Derating
17
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A6274, A6274-1 Linear Current Regulator and Controller
A6284, A6284-1 for Automotive LED Arrays

APPLICATION CIRCUITS

External PWM applied on PWMIN pin controls LED current during DIM mode.

. . . . In FULL LEDs al te with 100% dut le.
The PWMIN pin senses logic level input and switches to external n FULL mode, s always operate with 100% duty cycle

PWM mode. PWM frequency and duty cycle are set by logic input ~ Figure 13b shows an application circuit where external PWM
on the PWMIN pin when the DR pin voltage is less than 3.6 V. controls LED dimming in FULL and DIM modes. Use Rz =0
and open Dz for PWM signal level below 5 V. Rz-Dz should be
used to limit PWMIN pin voltage when battery-referred PWM
signal is applied.

Figure 13a shows an application circuit to control dimming with
an external logic level PWM signal in DIM mode and FULL
mode controlled through DR pin. Duty cycle and frequency

Q1 Q1

4 s
cr | 44 3= e+ e 2 3 e
10 uF I I I 10 uF I
oM —p2—
D2
FULL ——ot GatE  COMP oyt GaTE  COMP oyt
VIN LED1 ¢ ¢ VIN LED1 ¢ i<
D3 C1 L ‘f’(‘ ‘(’(‘ C1 L ] ‘(’(‘ ‘(’(‘
> T LED2 e T ENTENT LED2 «—«
> - —
§R1 EN EN1 LED3 —ie S - ENZ— EN2 LED3 e
5, EN2 EN2 LED4 iy R2 BIAS PR
= AR sAAE LED4 P >
® R2 BIAS  A6274-84 D D R3 R4 VTH Py Py
AWM -84 |EDs +—i¢ AW A6274-84 | ps ¢ i<
R3 RA VTH (P (P FFn s FFn % %
FFn A LEDG J—¢ C6 DR LEDG —¢
T =5 FFn GND < R 1 I v
C6 A A PWMIN —— T = GND
L I ks DR Dz PWMIN
PAMIN |  —pgg——{PWMN 33v] s
W ISET! AN ISET1
VYV ISET2 A ISET2
_L R9
*C2 should be placed as close to the input connector as possible. * C2 should be placed as close to the input connet-:tor as possible.
Good filter layout practices should be adhered to. Good filter layout practices should be adhered to.
(a) (b)

Figure 13: Dimming with External PWM
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A6274, A6274-1
A6284, A6284-1

Linear Current Regulator and Controller

for Automotive LED Arrays

Using One Reference Resistor for Setting

Current in LED1-6 —eate  COMP oyr—
The A6274 and A6284 have two LED groups: LED1-3 and —VIN LED1 [—
LED4-6. The peak LED current can be set separately using LED2 b—
ISET1 and ISET2 respectively. If the same LED current is —en LED3 |—
required for both groups, as shown in Figure 14, connect ISET2 —Hew
to BIAS. This disables the ISET2 reference from the pin and C5, BIAS LED4 |—
internally uses the same reference as ISET1. Using a single " VTH A6274-84 | Eps|—
resistor in setting current through all LEDs improves matching LEDG —
between the two LED groups. —{ FFn GND

— DR
MOSFET Protection by External Thermal - —{ PWMIN
Derating ISET1

ISET2

The A6274/84 has a built-in thermal-derating function which

works on the junction temperature of the IC. If the MOSFET is
placed away from the IC, the junction temperature of the MOS-
FET and IC will be different, and thermal derating may not work
effectively to protect the MOSFET.

An external circuit shown below can be placed close to the Ql
MOSFET to sense temperature and foldback LED current to limit - g + +
power dissipation. ) ocszI CgT C4I
An NTC is placed close to Q1. The gain of the NTC and resistor
ratios R11 to R8 set the derating slope. The NTC determines the GATE  COMP oyt
thermal derating threshold. A typical application circuit for the VN LED! ———
. . . . (4 (4
thermal derating for the MOSFET is shown in Figure 15. 1 LED2 —i——1¢
- 4 (4
LED3 —j¢——i«
As temperature increases, NTC resistance drops. When voltage s EN1— EN1 D>
on Q2 base increases above ~1.6 V, Q2 turns on. Current through - = EN2] Elh/‘fs AG274-64 tzz D>
R11 is given by: W VTH LEDS ’a ’E
(VB—0.4-12)+RII 2 e ono——%
where VB is the voltage on the base of transistor Q2. This current DR
reduces current sourced by the ISETx pins, and LED current W PWMIN
drops proportionately. .m_ ISET1
ISET2

Current through ISET1 pin is given by:
ISETI=12+R8—(VB-04-12)+RII.
Similarly, current through ISET2 pin is given by:

=

Figure 14: Using Common ISET Reference

Good filter layout practices should be adhered to.

I

* C2 should be placed as close to the input connector as possible. —

ISET2 =12~ R9—(VB—04—12)=RI2. Figure 15: External Power Derating
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A6274, A6274-1
A6284, A6284-1

Linear Current Regulator and Controller

for Automotive LED Arrays

Connecting Multiple ICs and External PMOS in
Parallel Configuration

For larger lighting assemblies or to drive higher current, multiple
ICs can be paralleled by connecting open-drain FFn pins of all

the ICs together as shown in Figure 16a. Up to 20 ICs can be
used in parallel configuration.

For better thermal performance of external PMOS, two PMOS
can be paralleled as shown in Figure 16b.

Q1
veaT D Y :
1 T I3l I I
c2 c12 C3=F c4
10 uF I I I
. \%‘TE COMP  qur
c1= LED1 <
I iy %
= LED2
EN ENt PP
EN2 LED3 K3 K3
i e
cs — Ro BIAS LED4 e
RS viH A6274-84 | eps K—ki
N TeTa
FFn JmiAAm FEn LED6 ¢ ¢
R6 Rb PA P
"'VV\I‘L GND
DR
R7 Q1
-AAA——————————
= PWMIN RINY
AN ISET1
A‘é\g\v ISET2 T
Q2
-l- ‘W‘z
v \4
Q2 Je2 1l == c4f
1T I3l T T TiowF =
CBI Cc9 C1OI DIM D1 =
oM _ g0t ¢
T FULL, 02 GaTE  COMP oyt
GATE  COMP  our o | LED1 o —ct
+ VIN - D3 T % %
cr LED! J— = LED2 ———¢——i¢—
T P EN{ EN1 % %
= LED2 ¢ R1 LED3 id 1d
EN' L3 T cs, EN2 EN2 ¢
EN2 PP = I R2 LED4 ¢ ¢
i LED4 e < HA—-AA— BIAS “ 3
m s P R3 viH A6274-84 | Eps —i¢
R10 viH A6274-84 | eps ki R4 D>
LEDS T oy FFn LEDG J—ie¢
o RlZ RI3 FFn PRI o Y GND “ “
T GND VATV DR
= R14 DR = R
v PWMIN ’—IVV\IRS— PWMIN
A, ISET1 ANV ISET1
A ISET2 AN ISET2
R16 R9
-l— * C2 should be placed as close to the input connector as possible. __L
* C2 should be placed as close to the input connector as possible. Good flterlayout practices should be adhered to.
Good filter layout practices should be adhered to.
Figure 16a: Parallel Connection Figure 16b: Two External PMOS
for Multiple IC Operation in Parallel Configuration
20
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Linear Current Regulator and Controller

for Automotive LED Arrays

Operation without External P-Channel MOSFET

An external P-channel MOSFET should be used to minimize
power dissipation in the IC; however, the A6274/84 can be used
without an external MOSFET for low-power applications, as
shown in Figure 17. The IC will detect but not be able to protect
external components in case of A, D, and E faults. See Fault
Table for more details.

Connect the GATE and COMP pins to VIN when an external
PMOS is not connected. When the PMOS preregulator is not

mf
GATE  COMP oyr
VIN LED! [
1’4 '
EN1 LED2 F—¢—j<¢—
EN2 P) P
4 14
BIAS LED4 ———J——fe
N A6274-84 (eps|— e
¥, ¥,
FFn LED6 ———f¢— ]
P %
oR GND
PWMIN
R8
AN ISET1
AN ISET2
R9

* C2 should be placed as close to the input connector as possible. __L
Good filter layout practices should be adhered to. )

Figure 17: Operation without External P-Channel MOSFET
Connect COMP and GATE pins to VIN when external PMOS not used.

Q1
121
Rg —
1MQ
DIM—pt 21— q |
FULL— 224 LAt COMP oyrf—
VIN LED1 f—
‘T LED2 [—
—]{ENt LED3 f—
—EN2 LED4 |—
—BIAS  A6274-84 |gps|—
—{vTH
LED6 |—
— FFn GND —
—{ DR
—{ PWMIN
—{ISET1
—]ISET2

Figure 18: Floating Gate Protection
Add 1 MQ resistor across MOSFET gate-source to prevent Q1 turn on
in case of floating GATE pin.

used, the LED string short faults B and C will be disabled.
Binning Resistor Arrangement

An external binning resistor can be connected in series with the
ISETx pins as shown in Figure 19, to set appropriate current
through various LED batches.

i
I

I

: —{eare  COMP oyt
I —{viN LED1
I

! — ENt LED2
| — EN2 LED3
I —

| BIAS LED4
! V™M A6274-84 |gps
I

| — FFn LED6
I

! —{or

! —{ PWMIN

I Rea

! ISET1 GND
| ISET2

| R9a

I

I

Figure 19: Application Circuit for Binning
Current-setting resistor can be placed on LED board for different
bins of LEDs.

L |
D2
FULL - —]{GatE  COMP oyrf—
R1 pm- VIN LEDT —
= T LED2 |—
Frommou , W2 EN1 T [ LED3 —
EN2
0z ——|EW LED4 |—
—BIAS  A6274-84 |gpsl—
= —VTH
LED6 |—
— FFn
GND
— DR |
— PWMIN =
—ISET1
—]ISET2

Figure 20: Application Circuit to Protect Microcontroller
in Case of Accidental VIN Short to EN1

EN1 and VIN pins are close to each other. EN1 pin is rated for full
supply voltage but external driving microcontroller may be damaged
with VIN short. Adding a zener clamp will protect MCU.
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RBYP
Qf
= c2 c3F o
Liowr I
o —p 4
FULL D2 GATE  COMP oyt
*— VIN LED1 f—— ¢
D3 c1== v 4
I LED2 ———j—— e
= % %
R1 EN1 EN1 LEDS [——— e
L s, EN2 EN2 LED4 ———
L) r'é r'd
[ A —9AMAA BIAS  A6274-84 D5 |—f¢—fa—
R3 VTH P, P,
R4 LED6 |——f¢— g
FFn W\ FE % %
oo RS " GND
T rWrwWw-
= R6 DR
WA= PWMIN
WAoo ISET1
WA= ISET2

* C2 should be placed as close to the input connector as possible. _l_
Good filter layout practices should be adhered to.

Figure 21 : Application circuit to prevent false latching state when Vgt < Voyr(sc)-

If any operating or fault condition causes OUT voltage to drop below Vgyr(sc), the IC will detect this as

a MOSFET drain short-to-ground fault. The IC will latch off as described in Fault-A in table 2. Adding a

1 MQ bypass resistor across external MOSFET will keep Voyr > Voyrsc) level and prevent false latch-
ing. Adding this resistor will not affect normal MOSFET drain short-to-ground (Fault-A) detection.
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PACKAGE OUTLINE DRAWING

For Reference Only - Not for Tooling Use
(Reference MO-153 ACT)
NOT TO SCALE
Dimensions in millimeters
Dimensions exclusive of mold flash, gate burrs, and dambar protrusions
Exact case and lead configuration at supplier discretion within limits shown

[ —— 6.50 NOM ————— P>

045 0,65
——— 420 —— ) l
@ 20

LA1RAATERS ¢ I

- 3.00 4.40 NOM 6.40 NOM mmirE -t 1 300 6.0

v

=5 O

1
|
025B5C—] 1 12
:!I: SEATING PLANE 420
20X
[ GAUGE PLANE i
[S]on]c]—_] 1=l PCB Layout Reference View

0.65BSC pnnonnaonanag
NNNNNNN
YYWW
A Terminal #1 mark area /:.qLLLLLL

Reference land pattern layout (reference IPC7351 SOP65P640X110-21M); all pads a minimum of 0.20 mm from all adjacent pads;
adjust as necessary to meet application process requirements and PCB layout tolerances; when mounting on a multilayer PCB, 1 “ u “ “ u “ u “
thermal vias at the exposed thermal pad land can improve thermal dissipation (reference EIAJJEDEC Standard JESD51-5)

A Exposed thermal pad (bottom surface) S_taﬂd_a_[d_B_[aﬂ_dlﬂg_Re_fﬁLe_ﬂQEMLew

N = Device part number
A = Supplier emblem
Y = Last two digits of year of manufacture
W = Week of manufacture
L = Lot number

Figure 22: Package LP, 20-Pin eTSSOP with Exposed Thermal Pad
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Revision Table

Number Date Description
- July 8, 2016 Initial release
September 9, 2016 | Added footnote to PWM Duty Cycle Dpyy\s Symbol (page 6).
2 January 3, 2017 Changed MOSFET Short Delay Disable Time at Startup typical value to 12 ms, and added MOSFET Drain
Short Protection Blank Delay During Steady-State characteristic (pages 6, 13-14).
3 June 1, 2020 Updated Selection Guide, Figure 1, 10, 13, 15, 16, 17, 21 (added C2 capacitor and footnote), and other
minor editorial updates
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improvements in the performance, reliability, or manufacturability of its products. Before placing an order, the user is cautioned to verify that the
information being relied upon is current.
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The information included herein is believed to be accurate and reliable. However, Allegro MicroSystems assumes no responsibility for its use; nor
for any infringement of patents or other rights of third parties which may result from its use.
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