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A80804 and A80804-1

High-Current Four-Channel Automotive LED Controller

FEATURES AND BENEFITS

* AEC-QI100 qualified
e Vyyrange: 5.3 to 40 V supply, operates down to 5.1 V
when enabled
* Four independent MOSFET drivers
 Internal and external PWM dimming options
0 Internal PWM dimming set by resistor divider or
analog voltage
o External PWM dimming set by microcontroller
* Flexible LED analog dimming options
o Two ADIM pins for LED binning, NTC feedback, or
hybrid analog/PWM dimming
0 Adjustable integrated LED current derating for
elevated Vg
o Integrated LED current derating for elevated IC
junction temperature
* Combine A80804 devices in parallel for higher number
of LED strings; PWMOUT signal available when used
with internal PWM for controller/peripheral operation
* MINOUT signal available to trim a pre-regulator to
minimize power loss
* Selectable LED current slew rate limit during PWM
dimming
» Extensive fault detection and protection
0 Drain short-to-ground detection
0 Drain short-to-VIN
o Open LED
0 Thermal protection
o Programmable input UVLO

DESCRIPTION

The A80804 and A80804-1 are linear, programmable current
controllers capable of accurately regulating current in four
LED strings using external MOSFETs. Each of the four LED
drivers has an independent enable/PWM input and current-sense
resistors and can be independently dimmed with an external
PWM signal, or all channels can be dimmed with internal PWM
dimming and automatic phase shifting. The overall LED current
can be switched between low and full intensity for applications
including stop/tail or DRL/position lighting. Multiple analog
dimming options are available to support applications including
LED binning, NTC foldback, or hybrid dimming. A selectable
LED current slew-rate control is available to tune PWM edge
times and improve EMI performance.

The MINOUT feature allows for trimming an external DC-DC
converter to optimize the voltage across the linear current
regulating MOSFETSs to minimize power loss.

The A80804 offers several fault detection and protection options
including MOSFET drain short-to-ground, drain short-to-VIN,
open-LED fault protection, internal overtemperature protection,
and undervoltage lockout. The A80804 can be configured for
either one-out-all-out or one-out-continue operation.

The A80804 has a 500 mV current-sense reference for improved
BCI performance. The A80804-1 has a 200 mV current-sense
reference for lower power dissipation in the sense resistor.
The device is packaged in a 32-pin QFN (ET) with exposed pad
for enhanced thermal dissipation and wettable flank construction
for solderability and visual inspection.

TAIL/PSTN

> E3 4
APPLICATIONS — I b
* Automotive medium-power LED I .
lighting systems VIR 1 PPV
- Fog lights, backup lights, dayti T
g lignts, backup lights, daytime —— PwmNg 32 Bwming
running lights, position lights, e 0| vans
sequential light L nFAuu% o] o
10
1] ViNoERAT
141 wvio
PACKAGE 1 AB0804
= = VBIAS
ADIM2
17 |—
32-contact QFN i 4y & fi
S mm x5 mm x 0.90 mm HonE
with exposed thermal pad = 22 Janour

and wettable flank
(suffix ET)

Not to scale

Figure 1: Typical Application Diagram with External PWM

A80804-DS, Rev. 2
MCO-0001142

October 17, 2024



A80804 and

A80804-1 High-Current Four-Channel Automotive LED Controller

SELECTION GUIDE

Part Number Vsense Option (mV) Package Packing [1]
A80804KETASR 500 32-pin 5 mm x 5 mm QFN

A80804KETASR-1 200 with exposed thermal pad and wettable flank

6000 pieces per 13-inch reel

[1] Contact Allegro for additional packing options.

ABSOLUTE MAXIMUM RATINGS [2]

Characteristic Symbol Notes Rating Unit
\hﬁlllr\rfjglh{ll'_;i:s':AULT’ PWMINx, Dx, Gx, and _0.31045 v
All other pins -0.3to7 \
Maximum Continuous Junction Temperature Tymax) 150 °C
Transient Junction Temperature T, 175 °C
Storage Temperature Range Tsig -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 Rea On 4-layer PCB based on JEDEC standard 30 °C/IW

131 Additional thermal information available on the Allegro website.
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A80804 and

A80804-1 High-Current Four-Channel Automotive LED Controller

TERMINAL DIAGRAM AND TERMINAL LIST

‘g’ % § § § . Terminal List
i a aa =1o > 0o Number Name Function
“\g{ _“i"_’_,“_ “_\8:“ _“?J‘_ _“?}“_ “E':‘,_“ _“Efi“_ l\g:“ 1 D3 Drain sensing for channel 3 for LED fault detection.
ZZ :;:; ’ i i:; :11 2 S3 Current sense for channel 3; connect sense resistor to GND to set peak current level.
o ;) : (:2:2 o0 3 G3 Gate driver for external N-channel MOSFET for channel 3.
o ;\ i /:2:1 o 4 D4 Drain sensing for channel 4 for LED fault detection.
o :5:; PAD i ;:2:0 o 5 S4 Current sense for channel 4; connect sense resistor to GND to set peak current level.
o [ : 7ol veis 6 G4 Gate driver for external N-channel MOSFET for channel 4.
Aoz [773 E (78] moDE 7 ADIM2 \'\ﬁlglge ?n thi§ ﬁ)in sets peak LED cgrreqt. This pin can be used for external thermal derating using an
| , or “hybrid” analog and PWM dimming to extend the range of PWM duty cycles.
NFAULT 18.) TSI ,\J (7} FsET 8 nFAULT Open-drain active low fault flag output; also used as fault input when MODE is connected to VBIAS.
o} 21 Tl o) 2 i el e 9 PWMOUT Replicated internal PWM dimming frequency and duty cycle signal for cascaded driver applications.
'g E % % 5 % % % Leave PWMOUT pin open if it is not used. PWMOUT is not driven in external PWM mode.
% % < @ 10 FDIS VIN threshold for LED Open fault detection.

1 VINDERAT | Voltage at this pin sets VIN derating threshold.

ET-32 Package Terminals 12 ADIM1 Voltage on this pin sets peak LED current. This pin can be used for LED binning adjustment.

13 VDR Voltage on this pin sets the internal PWM dimming duty cycle.

14 UVLO Voltage at this pin sets the input voltage UVLO threshold.
Controls rise and fall times of LED current. Tie to VBIAS to drive LEDs with 80 us slew time or tie to

15 SLEW GND to drive LEDs with 6 ps slew time. Connect a resistor to GND to adjust slew time between this
range.

16 GND Ground.

17 FSET Sets internal PWM dimming frequency. Connect a resistor to GND to set internal PWM frequency;

connect to VBIAS when using external PWM.

18 MODE Sets the fault handling mode. Tie to VBIAS for "one-out-all-out" or the GND for "one-out-continue".

See Table 1.

19 VBIAS Internal bias supply; connect to GND through a 2.2 uF / 16 V ceramic capacitor. VBIAS pin can deliver
up to 10 mA to an external load.

20 S2 Current sense for channel 2; connect sense resistor to GND to set peak current level.

21 G2 Gate driver for external N-channel MOSFET for channel 2.

22 D2 Drain sensing for channel 2 for LED fault detection.

23 S1 Current sense for channel 1; connect sense resistor to GND to set peak current level.

24 G1 Gate driver for external N-channel MOSFET for channel 1.

25 D1 Drain sensing for channel 1 for LED fault detection.

26 VIN Input supply; place a 0.1 uF decoupling capacitor close to this pin.

Drive high to override PWM settings and force all enabled LED channels to 100% duty cycle; drive low
27 FULL for LEDs to operate in PWM mode. In external PWM mode, if any PWMINXx pin is low at startup, the
FULL pin must be low for at least 20 ms.

Provides minimum drain voltage of enabled channels during LED on-time; use for feedback to adjust

% MINOUT the output of a pre-regulator.

29 PWMIN1 External PWM input for LED channel 1; tie this pin high for 100% duty cycle or to use internal dimming.
30 PWMIN2 External PWM input for LED channel 2; tie this pin high for 100% duty cycle or to use internal dimming.
31 PWMIN3 | External PWM input for LED channel 3; tie this pin high for 100% duty cycle or to use internal dimming.
32 PWMIN4 External PWM input for LED channel 4; tie this pin high for 100% duty cycle or to use internal dimming.
- PAD Exposed thermal pad; connect to external ground pad for better thermal performance.
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A80804 and

A80804-1 High-Current Four-Channel Automotive LED Controller

FUNCTIONAL BLOCK DIAGRAM
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A80804 and
A80804-1

High-Current Four-Channel Automotive LED Controller

ELECTRICAL CHARACTERISTICS [11: unless otherwise specified, Vjy = 12 V. “+” indicates specifications across the full operating
temperature range of T; = —40°C to 150°C; other specifications are at T; = 25°C, unless noted otherwise. Refer to Figure 23 in application
information section for typical application.

Characteristics Symbol Test Conditions | | Min. | Typ. | Max. | Unit
INPUT SUPPLY
Operating Input Voltage Range VN ° 5.3 - 40 V
V,y Operational Current Iina FULL = HIGH ° - - 10 mA
Cygias = 2.2 UF, ViNperaT = Vabivx = VBias:
Startup Time ton Vgy = 20 mV (A80804-1), Vg = 50 mV (A80804), - 100 - us
Viy = 12V, PWMINX toggled high.
CURRENT REGULATION
Vvinpberat = Vapivx = Vveias o| 194 200 206 mv
AB0804-1 | Vyperar = Vaoivx = Vvaias 196 200 204 mv
(T, =125°C)
Sx Reference Voltage Vsense — —
Vvinperat = Vaoivx = Vveias | 48 500 515 mv
A80804 v = Vi = V.
VINDERAT = VADIMx = VVBIAS
T L58ec) 490 500 510 mvV
Sx Reference Matching (1] Errysense | No derating - - 2 %
Analog Dimming ADIM1 / VBIAS Ratio | ADIM1R xg’('“f;g ﬁ\'ﬁAggggf_":')”g\}sx - 450 mV (ABOB04) - 0.72 - -
Analog Dimming ADIM2 / VBIAS Ratio | ADIM2R x/;’(”\f ;3(\)/ \rﬁ\'ﬁ/’\ggggﬁ')”%sx 450 mV (AB0B04) - 0.45 - -
VBIAS
VBIAS Pin VOItage VVB|AS IVB|AS =0to 10 mA (] 4.85 5.0 5.15 \
VBIAS Undervoltage Release Vyeiasuv | Vin rising - 4.5 - \
VBIAS Undervoltage Lockout Hysteresis | Vygasnys | IC disabled - 0.2 - \Y
GATE DRIVER
. Viy =12V, Gx High, Vgx = 180 mV (A80804-1
Gx High-Level Output Vonten | oy Ve 2 4zt my (ABOS04) ( ) 6 - 9 v
Gx Low-Level Output VGATEL FSET = VBIAS, PWMIN = LOW - - 0.7 \
. VN = 5.3V, Vgx = 180 mV (A80804-1) and _ _
GATE Driver Dropout VGATE darop | v/, = 450 mV (AB0804), measured as (Vi — Vex) ! v
_ Vg = 180 mV (A80804-1) and _ _ _
Gate Pull-Up Current lgpu Vay = 450 mV (AB0804), Vay = 0V, Vjy =7 V 360 uA
) Vgx =220 mV (A80804-1) and _ _
Gate Pull-Down Current IGPD Viay = 550 mV (AB0804), Viay = 7V, Vyy = 7 V 360 PA
External FET Gate Capacitance Range 14! Cgiss | For stable operation 250 - 2000 pF
' Delay from Internal PWM and PWMOUT pin _ _
Propagation Delay tpdi during internal PWM mode. 2 HS
. Delay from PWMINX pin rising or falling level to _ _
Propagation Delay, External PWM Mode tode Gx rising 3 V; Cyqe = 1 NF 2 us
; o :
PWM Matching During External PWM g;;}'l:é’%'ﬁ Q@’,{‘Amf(hp?; 2%, 200 Hz PWM signal - - 6 %
PWM Dimming Frequency fowm Repwm = 30.9 kQ, across FSET to GND ° 180 200 220 Hz

Continued on the next page...
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A80804 and

A80804-1 High-Current Four-Channel Automotive LED Controller

ELECTRICAL CHARACTERISTICS [1] (continued): Unless otherwise specified, V;y = 12 V. “»” indicates specifications across the
full operating temperature range of T; = —40°C to 150°C; other specifications are at T, = 25°C, unless noted otherwise. Refer to Figure 23 in
application information section for typical application.

Characteristics |Symbo| | Test Conditions | | Min. | Typ. | Max. | Unit
GATE DRIVER (continued)

V /Vpr =73V,
V.DR driven by resistor S\II%C\S/ = L%'\?/v 1 2 3 %
Dpwme | divider from VBIAS,
fowm = 200 Hz, Vysias /_VDR =29.2V, 4.25 5 58 %
Internal PWM Duty Cycle SLEW = Low
VpR driven by resistor SLEW = L 88 90 92 %
5 divider from VBIAS, o °
PWMH | v/ /Vpr=1.62V,
fp\;f“'fi 200 Hz SLEW = High 88 90 92 %
Rising or falling SLEW = High 49 80 111 us
) between 10% and _
Current Slew Time tsLew 90% levels, for internal SLEW = Low 4 8 12 us
reference ramp RsLew = 100 kQ 14 25 36 us
Rising or falling between 10% and 90% levels, _ 20 _ s
) ) ) . for internal PWM; SLEW = High H
Rise Time to Fall Time Matching [2] tsm — -
Rising or falling between 10% and 90% levels, _ 20 _ s
for external PWM; SLEW = High H
Rise Time and Fall Time Mismatch t Rise and fall time mismatch between 10% and _ 3 _ Y
Between Four Strings [314] SMS 90% levels in four strings; SLEW = High °
INTERNAL PWM POLYPHASE DELAY
Internal PWM, delay between rise and fall times
Poly-Phase Delay tapp of successive outputs; measured at 50% Vgense - 100 - us
levels
LOGIC PINS
MODE, SLEW, FSET, PWMINX, Vv Below V| _level, input voltage considered as o 08 _ 11 Vv
nFAULT, FULL Pins, Input Low Voltage IL logic low
MODE, SLEW, FSET, PWMINX, V. Above V|, level, input voltage considered as o 15 _ 2 Vv
nFAULT, FULL Pins, Input High Voltage IH logic high
nFAULT, PWMOUT Pins, Vo, o, = 1 mA . B _ 04 Vv

Output Low Voltage
PWMOUT Pin, Output High Voltage Vou lop =—1mA ° 4 - - \
MODE, PWMINXx, FULL, Pin Pull-

Down Resistor Rin N 100 - kQ
PROTECTION
Input Voltage Required to Derate _

VSENSE by 10% Vinthw) | Vinperar =2V 19.7 20.7 21.7 \
V|N Derating Range (Vthh(H) to V|Nth(L)) V|Nthd VSENSE drops from 90% to 60% level - 2.16 - V
Maximum Vy Derating for SENSE

Voltage N 9 VREF1 ViNDERAT =2V, ViN 2 26 V - 50 - %
VIN-to-Drain Short Detect Voltage Vscv Measured as V| — Vpy, Gx = PWMINXx = high ° 0.5 0.8 1.1 \
Open LED Fault Detect Voltage VoLep Measured at Dx, V |y > 5 % Vepser ° 0.19 0.24 0.29 \Y
Open LED Disable Input Voltage Vepis vin | VrDis =2V - 10 - \

Continued on the next page...
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A80804 and
A80804-1

High-Current Four-Channel Automotive LED Controller

ELECTRICAL CHARACTERISTICS [1] (continued): Unless otherwise specified, V;y = 12 V. “»” indicates specifications across the
full operating temperature range of T, = —40°C to 150°C; other specifications are at T, = 25°C, unless noted otherwise. Refer to Figure 23 in
application information section for typical application.

Characteristics | Symbol | Test Conditions | | Min. | Typ. | Max. | Unit
PROTECTION (continued)
PWM Frequency In Case Of Fault On
Faulty Channel (FULL and External - Open LED or Short to Drain fault - 500 - Hz
PWM Mode)
PWM Duty Cycle In Case Of Fault On o
- - 5 - %
Faulty Channel
Fault Detection Time (FULL Mode) - Open LED or Short to Drain fault - - ms
Fault Detection Cycles (PWM Mode) - - - cycles
Fault reset time (FULL or External _ _ 20 _ ms
PWM)
Input Under Voltage Detect Voltage Vuvio | Yuvio =2V, V| Falling (5%) - 10 - \
Input Under Voltage Detect Voltage . ) _ _
Hysteresis Vyvionys | Vin rising (fixed) 0.8 V
Thermal Monitor Activation T T, at Vgense = 180 mV (A80804-1) and B To—21 _ c
Temperature [4] M Vgense = 450 mV (A80804) JF
Thermal Monitor Low Current T T, at Vgense = 70 mV (A80804-1) and _ T o_7 _ oc
Temperature [4] JL Vgense = 175 mV (for A80804) JF
Overtemperature Shutdown ] Ty Temperature increasing - 170 - °C
Overtemperature Hysteresis [4] Tinys Recovery =T e — T s - 30 - °C
MINOUT
MINOUT Internal Reference Voltage VmiNouT - 0.8 - \
MINOUT Drive Capability IminouT - +100 - [VIaN
MINOUT Gain AM|NOUT - 10 - -
MIONOUT Offset VN|MOUT_0ff - 0.5 - \%

[11 Reference matChing is defined as: (VSENSEmax - VSENSEmin) / VSENSE(AVG)' where VSENSE(AVG) is the average of all enabled VSENSEX'

[21 Rise Time to Fall Time Matching is defined as the maximum difference between the rise time and the fall time of the same string.

Bl Rise Time to Fall Time Mismatch Between Four Strings is defined as the maximum ratio of the difference between either the rise time or the fall time
to the average of the rise time or fall times between four strings.

[4] Ensured by design and characterization.
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A80804 and
A80804-1

High-Current Four-Channel Automotive LED Controller

FUNCTIONAL DESCRIPTION

The A80804 is a four-channel linear current regulator for LED
driver applications using external N-channel MOSFETs to handle
power dissipation in linear mode. The LED current in each
channel can be programmed separately by selecting each current-
sense resistor. Each channel also has a separate PWMINX pin to
control external PWM dimming or act as an enable pin. The peak
LED current can be further controlled by analog dimming using
ADIMI1 and ADIM2.

Internal PWM generation uses a resistor to ground on FSET to set
the PWM frequency and a voltage on VDR to set the duty cycle,
typically a resistor divider from VBIAS to ground. When using
internal PWM, the PWM signal is replicated on the PWMOUT
pin for cascading multiple A80804s together.

For external PWM mode, connect FSET to VBIAS and apply a
PWM signal to each PWMINX pin. The PWMOUT pin stays low
while using external PWM.

Extensive protections such as input undervoltage, MOSFET
drain short-to-GND, drain short-to-VIN, LED open, and thermal
shutdown are incorporated to protect the device and the LEDs.
The A80804 also includes LED current derating for high input
voltages, based on a programmable threshold, and high internal
device temperature.

LED Current Sense Resistor

LED peak current (100%) level can be set independently for each
channel by selecting a proper resistor value from each Sx pin to
GND as shown in Equation 1:

Equation 1:
ILEDpeak = Vsense / Rsense

where Vgpngg 18 500 mV for A80804 devices and 200 mV for
AB0804-1 devices, I} pppeqy is in amps (A), and Rgpngg 18 in Q.

LED PWM Dimming

A80804 can operate in external PWM mode where each channel
can be individually controlled or in internal PWM dimming mode
with automatic phase shifting. Tie the FSET pin to VBIAS to use
external PWM mode or tie to GND through a resistor for internal
PWM mode.

External PWM Dimming

When FSET is tied to VBIAS, the A80804 operates in external
PWM mode. A logic-level input signal can be used to con-
trol each PWMINX pin to set each respective channel’s PWM

frequency and duty cycle, allowing each channel to be dimmed
independently.

The external PWM frequency should be between 200 Hz and
1000 Hz with a duty cycle between 5% and 100%. While in
external PWM mode, the PWMOUT pin stays low.

The LEDs turn on when each respective PWMINX signal is high.
The LED current slew rate is controlled through the SLEW pin
and the same slew control is applied to all channels.

For wider dimming ratios, external PWM dimming can be com-
bined with analog dimming.

Internal PWM Dimming

To use the A80804 with internal PWM dimming and automatic
phase shifting between each channel, tie the FSET pin to GND
through a resistor to set the PWM frequency. The internal PWM
frequency range is 100 to 1000 Hz. Use Equation 2 to calculate
the resistor value for a PWM frequency.

Equation 2:
Rppywy = 5400 / (fpwm - 25)

where fpyy 1s in Hz and Rppyyy, 1s in kQ.
For example, for fpyng = 200 Hz, use a 30.9 kQ resistor.

The internal PWM dimming duty cycle is set with a voltage on
the VDR pin. The PWM duty cycle depends on the ratio of the
voltage at the VDR and VBIAS pins. For better accuracy, use
a voltage divider from VBIAS to VDR. The internal duty cycle
range is 2% to 90%. See Equation 3 and Figure 2.

Equation 3:
DUTy: 146X VDR /VBIAS

where Vpr and Vgag are in volts and DUTY is the duty cycle in
percent.

100
80
60
40
20

0

Duty cycle (%)

0 0.5 1 25 3 3.5

1.5 2
Vor (V)

Figure 2: Relationship of External Voltage Input on VDR Pin and Dim-
ming Duty Cycle. Vpg can be varied from 0 to 3.6 V.
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A80804 and
A80804-1

High-Current Four-Channel Automotive LED Controller

Internal PWM Phase Shift

While operating in internal PWM mode, the signal sent to the
first channel is delayed 100 ps (typical) from the internal ref-
erence PWM signal, and each subsequent channel is delayed
another 100 ps (typical) from the previous channel to minimize
di/dt and improve EMI. If any channel is not used, the delay
for the remaining channels remains the same. For example, if
channel 1 and 2 are not used, channel 3 and 4 is still delayed by
300 ps and 400 ps with respect to the internal PWM signal.

Equation 4:
tenperay = 100 ps x N

where N is the channel number.

PWM
LED1

— | ED2
—— | ED3
J — | ED4

] |

0 04081216 2 24 28 3236 4 44 48 5.2 56
Time (ms)

Figure 3: Polyphase Operation with Internal PWM

The polyphase behavior is disabled in external PWM mode since

each channel can be independently controlled, and each channel’s
PWMINX signal can be time-shifted to achieve polyphase opera-

tion.

Full Mode

When the FULL pin is pulled high, the A80804 ignores the PWM
configuration and operates at 100% duty cycle. The FULL pin
does not affect the analog dimming level.

Analog Dimming

Analog dimming is available through ADIM1 and ADIM2. Each
ADIMX pin can be tied to VBIAS to disable the dimming for that
ADIM pin. When not tied to VBIAS, the voltage on ADIMx scales
Vgsenses the internal reference voltage that is maintained across
Rgpnse- The lower of the two ADIMX options determines the
dimming level. Analog dimming is ratiometric to Vgjag. Vapimi 15

the voltage at ADIMI, and Vppyp s the voltage at ADIM2. The
VeensEg reference voltage is also affected by Input Overvoltage
Derating and Thermal Derating and Protection Shutdown, and the
Vgensk level for regulation is the minimum of all of these circuits.

Analog Dimming with ADIM1

An analog voltage on ADIM1 can be used to derate the peak
LED current for binning or other application requirements. While
ADIM2 is at Vg, to disable dimming on ADIM2, the reference
voltage Vgpnsg scales with ADIMI based on Equation 5. Use
Equation 6 to find the voltage at ADIM1 for a targeted dimming
level.

Equation 5:
Vsense = 0.6371 x (Vypi1/Vaias) — 0.0097 (A80804)
Vsensg = 0.2571 x (Vapmai/Viias) — 0.0057 (A80804-1)
where Vapivy = Vpias:
Equation 6:
Vaoiz = (Vaias (500 mV x DimPct + 0.0097)) / 0.637 (A80804)
Vapiz = (Vaias X (200 mV x DimPct + 0.0057)) / 0.2571 (A80804-1)

where Vapiva = Vieiag and DimPct is the dimming percentage
target, scaled from O to 1.

To use analog dimming with ADIMI, set V,ppy; between 10%
and 80% of Vjg; see Figure 4.

Vsense (V) VS Vapimi/Vaias
0.60

0.50

e— A80804

0.40 A80804-1

0.30

VSENSE (V)

0.20
0.10

0.00
0 01 02 03 0.4 0.5 06 07 08 0.9 1

VADIMl / VBIAS

Figure 4: Effect of ADIM1 on Vggnse

Analog Dimming with ADIM2

An analog voltage on ADIM2 can be used to derate the peak LED
current, for example with an NTC thermistor to derate the current
at high LED temperatures. To use analog dimming with ADIM2,
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set Vapivo between 10% to 50% of Vgyag; there is no derating
when V,pivo 1s higher than Vgag/ 2. See Equation 7 to calculate
Vsense and Equation 8 to calculate the ADIM?2 pin voltage for a
targeted dimming ratio.

Equation 7:
Vspnse = 1.125 x (Vapiz/Viias) — 0.0625 (A80804)
Vsense = 0450 x (Vapimz/Veias) — 0.025 (A80804-1)
where Vappvi = Viias: and Vapiva / Viias < 0.5.
Equation 8:
Vapimz = (Vs * (500 mV x DimPct + 0.0625)) / 1.125 (A80804)
Vapiz = (Vaias (200 mV x DimPct + 0.025)) / 0.450 (A80804-1)

Vense (V) vs Vaoimz/Vaias
0.60

0.50

— A80804

0.40
A80804-1

0.30

VSENSE (V)

0.20
0.10

0.00
0 0.1 0.2 0.3 0.4 0.5 0.6 0.8 1

VADIMZ / VBIAS

Figure 5: Effect of ADIM2 on Vggnse

When both ADIM1 and ADIM2 are used, VgrngE 1S the minimum
of ADIM1 and ADIM2.

0.6
—
Vo Veins= 05

0.5
0.46 Z
0.4

0.4 02

Vsense (V)

0 0.1 02 03 0.4 05 06 07 0.8 0.9 1
VAU Ml/VB\AS

Figure 6: Combined Effect of ADIM1 and ADIM2 pin
voltages on Vggynsg for A80804

Vnomaz/ Veias= 05

0.2 —0.46
—04
0.2

—0.1

0.05 /

0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1
VADH\/H/VFHAS

Figure 7: Combined Effect of ADIM1 and ADIM2 pin
voltages on Vggyse for A80804-1

LED Current Slew Control

The LED current rise and fall times can be controlled with the
SLEW pin. This allows the system designer to optimize for PWM
duty cycle accuracy or EMI performance. When SLEW is tied to
logic high, the 10% to 90% slew time is 80 ps, the slowest slew
rate option. When SLEW is connected to logic low, the slew time
is 6 ps, the fastest slew rate option. For a slew rate between the
low and high levels, connect SLEW to GND through a resistor
using Equation 9.

Equation 9:
tsiew = RsLgw / 4

where tg) gy 1s in ps and Rgp gy 1s in kQ. Use a value of Rgp gy
between 324 kQ (80 us) and 24.3 kQ (6 ps).

PWMOUT

The A80804 has a PWMOUT pin that replicates the reference
PWM signal used while in internal PWM mode. This signal can
be used as the PWMINX signal for peripheral devices to synchro-
nize the peripheral device with the controller device. Since the
PWMINX pins are driven from PWMOUT, the peripheral device
must operate in external PWM mode. Therefore, the peripheral
device does not have the PWM channel phase shifting but uses
the controller’s internal PWM reference which is 100 ps ahead of
the channel 1 on the controller; see the Multiple A80804 Control-
ler-Peripheral Arrangement application.

PWMOUT is low while in external PWM mode.
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MINOUT

The MINOUT pin provides an output voltage proportional to the
minimum voltage of the Dx pins for all active channels. The volt-
age from MINOUT can be fed to a voltage regulator’s feedback
pin to complete a closed-loop system and trim the regulated
output leading to the LEDs. The voltage on MINOUT is given by
Equation 10 with minimum of 0.3 V (typical) and maximum of
3.5V (typical).

Equation 10:
Vimvour =10 x (Vpy pn - 0.8) + 0.3

A80804
800 mV
S |
an%m oled Min DY
MINOUT DX
I Vref GX
SX

Figure 8: Block Diagram of MINOUT Block

An example of a pre-regulator powering the LED strings is
shown in Figure 9. The MINOUT signal feeds into the regulator
control loop through an external resistor, RFB3.

PRE-REGULATOR

Equation 11 can be used to calculate the resistor values.

Equation 11:

Vminout(max) X Vourmax) — Vrs) ]
R 3 = [ - 1 X R 2
Fe Veg X (Vourmax) — Your min)) re
R = [ Vour(max) — VFB)] y [RFBZ X RFB3]
FEl Veg Rppy + Rpp3

VouTmin) @14 VouT(may) are the worst-case required voltages for
the LEDs to operate, and Vg is the feedback voltage of the pre-
regulator.

Protection Functions

The A80804 asserts a fault by pulling the nFAULT pin low

when a fault is detected for three consecutive PWM cycles. The
3-cycle count prevents fault assertion on a spurious transient. The
device returns to normal operation immediately after the fault is
removed. Any faulted LED string operates at 5% duty cycle dur-
ing the PWM on-time to minimize power dissipation in the MOS-
FETs and detect fault recovery. While in FULL mode, the device
waits 6 ms to assert the nFAULT pin low. While in external PWM
mode or FULL mode, the faulted LED string is driven with a

500 Hz, 5% duty cycle PWM signal to detect fault recovery.

MODE Pin Behavior

When a fault occurs on one LED string, the behavior of other strings
is determined by the state of the MODE pin. Other strings continue

vouT
Lct Le2
RFBI: T 4 T . S /
FB = N N L 2 2
Rz Yo Yo AR N
26
= Yy y y y
N N < N N
= b3 > D1}25
RFB3
Q3m-3] 63 G |c a1
=l 1=
5 2153 s1}23 ;
R R
A80804
= 4lpg p2|22 =
Ly 6 21 I~
Q4 P G4 G2 Q2
=
Sls4 S s2|20
R4 & o) R2
S ]
_| —
= |28 J_16

Figure 9: Example of Using MINOUT with Pre-regulator
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to operate normally when MODE is low (“one-out-continue” or
“N-1” mode) and shutdown when MODE is high (“one-out-all-out”
mode). The nFAULT pin becomes bidirectional and acts as both a
fault input and output when MODE is high, which can be used to
pass the fault state to peripheral or paralleled devices.

FDIS Pin for Fault Disable

Open LED and MOSFET drain short-to-GND faults are disabled
when the input voltage is less than five times the voltage at the
FDIS pin, Vi <5 X Vgps. Select a Vipg level higher than the
LED string’s forward voltage to prevent faults during startup or
Vi transients.

OPEN LED

An open LED fault is detected when Vi > 5 X Vgpg and Vp, <
0.24 V.

Once the fault is detected, nFAULT is asserted low and that LED
channel operates with 5% duty cycle even if FULL is high, keep-
ing the MOSFET on with a low duty cycle to detect removal of
the fault for auto-recovery. The LED current in the faulted string
is zero since the LED current path is open. When the fault is
removed, Vp, > 0.24 V, the device returns to normal operation.

[

PWMIN  5V/div

PWMOUT 5V/div

nFAULT  5V/div

1oUT 0.5A/div

G2 5V/div

D2 10V/div

Fault applied Fault Released Time: 5ms/div

Vin Open
{2 »
{2
{2 »

Figure 10: LED Open Protection

If MODE is high, all other gates, Gx, and PWMOUT are pulled
low once the fault is detected; parallel or peripheral devices

also turn off when nFAULT goes low if MODE is high, or when
PWMOUT is pulled low if cascading PWMOUT to PWMINx of
another device. If MODE is low all other gates, Gx, and PWM-
OUT are unaffected and continue to operate normally.

PWMOUT 5V/div

nFAULT  5V/div

N O A

IouT 0.5A/div]

r
A1 [_ [l
f / / / | / ‘/ D1 5V/div
\—, e J i { G2 5V/div
| | B2 10V/div
Fault applied Fault Released Time: S5ms/div

Figure 11: Open LED Fault on D1 in FULL mode. MODE = High (left), MODE = Low (right). Fault on channel 1.
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I

PWMIN  5V/div |

PWMOUT 5V/div

PWMOUT 5V/div

nFAULT  5V/div nFAULT  5V/div
1ouT O.EA/div 1oUT 0.5A/div
& & & L .| h n f - n n - n

 CR | S | S5 [ | O | S | (50 |, ) 1S | AN ) ) N - | [ | [

AONAEO  COpOpaeT
L oanmt ¢ nnnq L_IL_ﬂ_ﬂ__ﬂ__[L_ﬂ_ﬂ_JL_ﬂ__ﬂ__M

G2 5V/div

D2 10v/div

D2 10V/div
Ui g b [ & (N [ o J (S| AN I A ¢ A R VA | B
Fault applied Fault Released Time: 5ms/div Fault applied '\ Fault Released Time: Sms/div

Figure 12: Open LED Fault on D1 with External PWM. Fault on channel 1. MODE = High (Ieft) MODE = Low (right).

PWM\N SV d

I 0 B Bis 7 J IR BIR IR ‘L
\—ITW - | SFAULT  SV/div

TouT 0.5A/div

10UT  0.5A/div

oo W‘L m _ WW Wﬂ“

D2 10V/div
! ‘ | fl [ f il
9] U U U J

U U U U U ur U U U | |
Fault Released Time: 5ms/div |

Figure 13: Open LED Fault on D1 with Internal PWM. Fault on channel 1. MODE = High (Ieft), MODE = Low (right)
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Short Circuit Protection

The A80804 can protect against multiple short-circuit faults sce-
narios, as shown in Figure 14.

Drain Short To GND

A MOSFET drain short-to-ground fault is detected when Vi >
5 X Vgpg and Vp, <0.24 V. Once the fault is detected, nFAULT
is asserted low and that LED channel operates with 5% duty
cycle, even if FULL is high, to detect fault removal for auto-
recovery. The drain short-to-ground fault is not a latched fault.
When the fault is removed, Vp, > 0.24 V, the device returns

to normal operation. If MODE is high, all other gates, Gx, and
PWMOUT are pulled low when the fault is detected; parallel or
peripheral devices also turn off when nFAULT goes low if the
nFAULT pins are tied together and MODE is high. If MODE is
low, the other gates and PWMOUT are unaffected and continue
to operate normally. During a drain short-to-ground fault, the
LED string may see a large current as the LED string is shorted to
ground.

The operating waveforms Gx, Dx, PWMOUT, and nFAULT, are
the same for drain short-to-GND fault and open LED fault except

the faulty LED string sees large current when the drain is shorted
to ground.

Drain Short To VIN

A MOSFET drain short-to-VIN, a full LED string short, is
detected when (Vy — Vpy) < 0.8 V and the configured LED
current slew time has elapsed while PWMINX is high. Once the
fault is detected, nFAULT is asserted low and that LED chan-
nel operates with 5% duty cycle even if FULL is high, keeping
the MOSFET on with a low duty cycle to detect removal of the
fault for auto-recovery and minimize power dissipation in the
faulty LED string. The drain short-to-VIN fault is not a latched
fault. When the fault is removed, (Vi — Vp,) > 0.8 V, the device
returns to normal operation. The current in the faulted LED string
during the fault is zero since the LED string is shorted out when
the MOSFET drain is shorted to VIN.

If MODE is high, all other gates, Gx, and PWMOUT are pulled
low once the fault is detected; parallel or peripheral devices also
turn off when nFAULT goes low if the nFAULT pins are tied
together and MODE is high. If MODE is low, all other gates, Gx,
and PWMOUT are unaffected and continue to operate normally.

Short

*
Short -l"»—'I ‘lﬁ
©)

Figure 14: Short-Circuit Protection
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PWMIN  5V/div PWMIN  Svidiv |

PWMOUT 5V/div o

I | PWMOUT 5V/div

—|—A—“| nFAULT  5V/div nFAULT  5V/div
| e | - 4z ok LI

| L1 10UT___ 0.5A/di
1ouT 0.5A/div _______L_L______ | L
{ J e 1
e e T e 1 £y |e— Pt
58 I I I O 5
L ———
: G2 5V/div T G2 5V/div.
i D2 10V/div | D2 - 10V/diy
( 1 1
I N F— I - - -
Fault applied | Fault Released Time: Sms/div Fault applied | Fault Released Time: 5ms/div

Figure 15: Drain Short to VIN Fault on D1 in FULL mode. MODE = High (left), MODE = Low (right).

PWMIN  5V/div PWMIN  BV/dw
PWMOUT 5V/div PWMOUT 5V/div
nFAULT  5V/div nFAULT  5V/div
) I0UT _ 0.5A/div o 3 | X s y _10UT _ 0.5A/div
| | i
\
S| | B | (5 S 5O 1| I 0 O | G [ /S | | T | | % O | B 8 {8 s
— f = f f W= = ] 4T f—
! f {
R T [l (1]
G2 5V/div 1 G2 5V/div
D2 10V/div D2 10V/div
v |\ U | U U J J ] U U 9 J U u J i u y U u
Fault applied Fault Released Time: Sms/div Fault applied Fault Released Time: Sms/div

Figure 16: Drain Short to VIN Fault on D1 with External PWM Dimming. MODE = High (left), MODE = Low (right).
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PWMIN 5V/div |

PWMOUT 5V/div

EEZIEmITan

I0UT  0.5A/div

G2 5V/div

D2 10V/div
i [l U 1 u ¥ U
Fault applied Fault Released Time: Sms/div

PWMIN  5V/div_

~PWMOUT 5V/dix,

1 8 . 1
\—‘ ]

_IoUT _ 0.5A/div

i G2 5V/div
D2 10V/div,

J | - U U U u L 8

Fault applied Fault Released Time: Sms/div

Figure 17: Drain Short to VIN Fault on D1 with Internal PWM Dimming. MODE = High (left), MODE = Low (right).

LED Short Response

If less than the full LED string is shorted, the A80804 continues
to work normally. This leads to increased power dissipation in the
LED string’s MOSFET.

Input Undervoltage Protection

When input voltage, Vyy, is below the undervoltage lockout
threshold defined by five times the voltage on the UVLO pin, Vy
<5 X VyyLo, an input undervoltage fault is detected. If MODE is
high while an undervoltage fault occurs, the device is off, and if
MODE is low, the device stays on. The fault flag nFAULT is not
affected by this fault.

Input Overvoltage Derating

The A80804 can derate the LED current at higher input voltages

to limit the power dissipation in the MOSFETs. The input voltage
level to start derating, Vingyr), is ten times the voltage at the VIN-
DERAT pin plus 0.7 V, 10 X Vypperar 0.7 V, and is typically
set with a resistor divider from VBIAS pin to VINDERAT pin.

The level for maximum derating, Vi) 18 higher than Vg, ) by
Vinta (typically 2.16 V). The reference voltage, Vggpnsp, decreases
to 90% of its nominal value at V) and to 60% at Vi, see
Figure 18 and Figure 19. The maximum derating is 50% for higher
input voltage levels. See Equation 12 to calculate the voltage at

VINDERAT pin for a target Vg level.

Equation 12:
Vyinperar = Vinenay = 0-7) / 10

For example, when Vyyprrat = 2.0 V, Vgengg derates to 90% of
its nominal value when Vi =20.7 V.

Even if the VINDERAT pin is tied to VBIAS, the A80804 begins
derating the LED current at 35 V (typical).

40
35

30 ~
20

15

10 ~
5
0

VIN Derating V yn (V)

3
VINDERAT (V)

Figure 18: V|yperat VOItage
versus Vy Derating Threshold
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550
500
450 N
2400 T Vi = 207V TN
E350 ! \
2 |
2300 ;
> l{-l——b}\
250 Vi =216V
1 VINthd = 1| Vinth(H)
200 '
18 19 20 21 22 23 24 25
Vin (V)

Figure 19: Output Current Foldback Based on V|

Thermal Derating and Protection Shutdown

At higher temperatures, the A80804 derates the LED current to
limit power dissipation in the external MOSFETs. The refer-
ence voltage, Vqpngg, decreases with increasing Ty as shown in
Figure 20, where Vgpngg derates to 90% at 149°C (typical) and
35% at 163°C (typical). The maximum thermal derating is 25%
of the nominal current. Thermal shutdown (Tgp) completely
disables the outputs under extreme overtemperature conditions
(>170°C), and nFAULT goes low. The A80804 restarts when the
temperature drops by 30°C.

L I e SRR

VSENSE (%)
Falling

T i e e i
. Y

163 166 170
T

Figure 20: Output Current Foldback Based on Rising T

The combined effect of V and thermal derating is shown in
Figure 21.

) 5°C
146°C

600

400

N
o
o

Vsense (MV)

0

18 19 20 21 22 23 24 25 26 27 28
Vin (V)

Figure 21: Combined Effect of V,y Derating

and Thermal Derating

LED peak current also depends on voltage on ADIMx pin even
during Vp and thermal derating.

Thermal Derating

SENSE
VIN Derating MINSELECT
SENSE
ADIM1 I
ADIM2 m SENSE

A80804 : SENSE = 500 mV
A80804-1: SENSE = 200 mV

N

Figure 22: Analog Dimming and Derating Block Diagram

Shutdown

While operating in internal PWM mode, each LED channel resets
when its corresponding PWMINX pin is pulled low. While operat-
ing in external PWM mode, each LED channel resets when its
corresponding PWMINX pin is pulled low for more than 20 ms.

When a channel is reset, its corresponding gate is pulled low and
any faults associated with that channel are reset. The rest of the
device operates normally. If a faulty string is disabled by pull-
ing PWMINX pin low for greater than 20 ms, the device returns
to normal operation for remaining channels and nFAULT is
released.
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Table 1: Fault Operation and Derating (Internal PWM mode)

FAULT MODE = VBIAS MODE = Low
n
PWMOUT Operation PWMOUT Operation
Detected for three consecutive PWM cycles .
Detected for three consecutive PWM cycles
when (V|y — Vpy) < 0.8 V. The faulty MOSFET
remairgslgn wi?ﬁ()S% PWM. Other s}[lrings when (Viy = Vipy) < 0.8 V. The faulty MOSFET
PWMOUT and nFAULT l-,llled low once’fault remains on with 5% PWM, rest of IC operates
Drain Shorted Low Low i . P Normal normally except nFAULT pin is pulled low.
detected. The fault is not latched. The faulty ;
to VIN MOSFET drops the full input voltage during The faulty MOSFET drop full input voltage
. . during PWM on-time. The device recovers to
PWM on-time. The device recovers to normal ; :
operation when the fault is removed. normal operation when the fault is removed.
The fault is detected when corresponding PWMIN pin is high and the configured slew time has elapsed.
v[\)/ﬁfaend\fd E)%tzr\e/e cor;s: dCl\‘/tlve <P(¥V2'XI \c/ycles Detected for three consecutive PWM cycles
IN FDIS . Dx n 0 when V|N > VFD|S and VDX <0.24 V. The
The faulty MOSFET remains on with 5% faulty MOSFET remains on with 5% PWM
Low Low PWM. Other strings, PWMOUT, and nFAULT Normal Y . ° ’
Open LED ) rest of the device operates normally except
pulled low once fault detected. The fault is AEAULT bin is oulled low. nFAULT bin qoes
not latched. The device recovers to normal . P putec : ping
: high when the fault is removed.
operation when fault removed.
Detected for three consecutive PWM cycles Detected for three consecutive PWM cycles
when V|N >5x VFD|S and VDX <0.24V.The when V|N > VFD|S and VDX <0.24V.The
faulty string remains on with 5% PWM. Other faulty string remains on with 5% PWM, rest
Drain Shorted Low Low strings, PWMOUT, and nFAULT pulled low Normal of the device operates normally except
to GND once fault detected. The fault is not latched. nFAULT pin is pulled low LEDs in faulty string
The device recovers to normal operation when may damage due to excessive LED current.
fault removed. LEDs in faulty string may be The nFAULT pin goes high when the fault is
damaged due to excessive LED current. removed.
S:g:;eto Low Low All LED channels are turned off until the fault Low All LED channels are turned off until the fault
GND is removed and the A80804 is power-cycled. is removed and the A80804 is power-cycled.
Thermal Normal Normal LED current derates based on junction Same operation as MODE = VBIAS
Derating temperature.
. LED current derates based on supply voltage . _
VIN Derating Normal Normal and VINDERAT setting. Same operation as MODE = VBIAS
o LEDs turn off when T exceeds 170°C but
TSD Low Low | LEDstumnoff when T, exceeds 170°C and Normal | PWMOUT is normal. The device auto-
auto-recovers when T drops below 140°C. o
recovers when T drops below 140°C.
VIN Normal Low LEDs turn off when Vi < Viyuy — Vinuvhys @nd Normal A80804 operates normally. LED current may
Undervoltage auto-restart when V| rises above V|yyy- reduce if V|y < VE. nNFAULT is not affected.

ALLEGRO

microsystems

18
Allegro MicroSystems
955 Perimeter Road
Manchester, NH 03103-3353 U.S.A.
www.allegromicro.com



A80804 and
A80804-1

High-Current Four-Channel Automotive LED Controller

Table 2: Fault Operation and Derating (External PWM mode)

MODE = VBIAS MODE = Low
nFAULT
PWMOUT Operation PWMOUT Operation
Detected for three consecutive PWM cycles Detected for three consecutive PWM cycles
when (V|y — Vpy) < 0.8 V. The faulty string when (V|y — Vpy) < 0.8 V. The faulty string
remains on with 5%, 500 Hz PWM. Other remains on with 5%, 500 Hz PWM. Rest of
Drain Shorted Low Low strings, PWMOUT, and nFAULT pulled low Low the IC operates normally except nFAULT pin
to VIN once fault detected. Faulty MOSFET drops pulled low. Faulty MOSFET drops full VIN
full VIN voltage during PWM. IC recovers to voltage during PWM IC recovers to normal
normal operation when fault removed. operation when fault removed.
The fault is detected when all PWMIN high and after completion of reference ramp.
Detected for three consecutive PWM cycles Detected for three consecutive PWM cycles
when V|N >5x VFDlS and VDX <0.24V.The when V|N > VFD|S and VDX <0.24 V. The
Low Low faulty string remains on with 5%, 500 Hz Low faulty string remains on with 5%, 500 Hz
Open LED PWM. Other strings, PWMOUT, and nFAULT PWM, rest of IC operates normally except
pulled low once fault detected. IC recovers to nFAULT pin pulled low. nFAULT pin goes
normal operation when fault removed. high when fault removed.
Detected for three consecutive PWM cycles Detected for three consecutive PWM cycles
when V|N >5x VFD|S and VDX <0.24V.The when V|N > VFD|S and VDX <0.24V.The
faulty string remains on with 5%, 500 Hz faulty string remains on with 5%, 500 Hz
Drain Shorted Low Low PWM. Other strings, PWMOUT, and nFAULT Low PWM, rest of IC operates normally except
to GND pulled low once fault detected. IC recovers to NFAULT pin pulled low. nFAULT pin goes
normal operation when fault removed. LEDs high when fault removed. LEDs in faulty
in faulty string may damage due to excessive string may damage due to excessive LED
LED current. current.
Source . .
Shorted to Low Low AII LED channels are turned.off until the fault Low AII LED channels are turned.off until the fault
GND is removed and the A80804 is power-cycled. is removed and the A80804 is power-cycled.

VIN derating, Thermal derating, TSD, and VIN undervoltage fault operation is same as described in Table 1.
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Table 3: Fault Operation and Derating (FULL mode)

MODE = VBIAS MODE = Low
nFAULT
PWMOUT Operation PWMOUT Operation
Detected when (V| — Vpy) < 0.8 V for 6 ms
x . . _ <
The faulty string remains on with 5%, 500 Hz _I?E;efcat Sﬁ V\;Tr?: (\r/emrfnai\rfgxgn V(V)It?] \éo;orgogn;'z
PWM. Other strings, PWMOUT, and nFAULT y sting o
PWM, rest of IC operates normally except
Drain Shorted Low Low pulled low once fault detected but not latched. Normal .
: nFAULT pin pulled low. Faulty MOSFET drop
to VIN Faulty MOSFET drop full VIN voltage during !
g full VIN voltage during PWM. IC recovers to
PWM. IC recovers to normal operation when )
normal operation when fault removed.
fault removed.
The fault is detected when all PWMIN high and after completion of reference ramp.
Detected when V| > 5 x Vgp g and Vp, <
X > <
0.24 V for 6 ms. The faulty string remains Detected when Viy > Vrpis and Vpy < 024V
o ro . for 6 ms. The faulty string remains on with
on with 5%, 500 Hz PWM. Other strings, o
Low Low Normal 5%, 500 Hz PWM, rest of IC operates
Open LED PWMOUT, and nFAULT pulled low once .
normally except nFAULT pin pulled low.
fault detected but not latched. IC recovers to . ]
. nFAULT pin goes high when fault removed.
normal operation when fault removed.
Detected when V> 5 x Vgp g and Vp, <
X > <
0.24 V for 6 ms. The faulty string remains Detected when Viy > Vepis and Vpy < 0.24 V
. o . for 6 ms. The faulty string remains on with
on with 500 Hz, 5% PWM. Other strings, o
. 500 Hz, 5% PWM, rest of IC operates
Drain Shorted PWMOUT, and nFAULT pulled low once ]
Low Low Normal normally except nFAULT pin pulled low
to GND fault detected but not latched. IC recovers to . .
. LEDs in faulty string may damage due to
normal operation when fault removed LEDs . .
. . : excessive LED current. NFAULT pin goes
in faulty string may damage due to excessive .
high when fault removed.
LED current.
Source . .
Shorted to Low Low All LED channels are turned off until the fault Low All LED channels are turned off until the fault
GND is removed and the A80804 is power-cycled. is removed and the A80804 is power-cycled.

VIN derating, Thermal derating, TSD, and VIN undervoltage fault operation is same as described in Table 1.
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Table 4: Simplified Fault Table

MODE = HIGH MODE = LOW
Description Detection Condition FULL Faulty | NORMAL| PWM Faulty |NORMAL| PWM
nFAULT Gate Gates OouT Rl nFAULT Gate Gates OuT Rl
Drain Shorted Vin—Vpx <typ 0.8V HIGH LOW | 5% PWM LOw Low LOW | 5% PWM | HIGH HIGH
to VIN ] (min 0.5V, max 1.1 V) LOW LOW |5%PWM | LOW LOwW LOW |5%PWM | PWM PWM
Open LED Vpy < typ 0.24 V HIGH LOW 5% PWM LOW LOW LOW 5% PWM HIGH HIGH
Fault 2 (min 0.19 V, max 0.29 V) LOW LOW |5%PWM | LOW LOW LOW |5%PWM | PWM PWM
Drain Shorted Vpy <typ 0.24 V HIGH LOW 5% PWM LOW LOW LOW 5% PWM HIGH HIGH
to GND 2 (min 0.19'V, max 0.29 V) LOW LOW |[5%PWM| LOW LOW LOW | 5%PWM | PWM PWM
SThhuet;’;‘fv'n T,>170°C X LOW LOW LOW LOW LOW LOW LOW | Normal
X =Don’t Care
[1] Detected after completion of slew time.
[2]ViN> 5 * Vepys.
[3] Applicable only for FULL and internal PWM mode.
Table 5: Latching Faults
Description Mode Detection Condition Operation Reset Mechanism
Current Sense one-out-all-out or Vsx < (Vsense/2), Vgx = ON and Al che}nnels are turnfed off and
. remain off until VIN is cycled. Cycle VIN
Shorted to GND one-out-continue Vpx > 250 mV .
nFAULT remains low.
Open LED fault triggered on multiple
Supply to LEDs channels. Because of the one-out-all-out | All channels remain off until VIN Cvele VIN or all
goes away while VIN one-out-all-out operation, the first channel to detect the or all PWMINXx pins are cycled. F¥WM|NX ins
supply remains fault disables the others. Then the next nFAULT remains low. P

channel to detect the fault disables the first.

21

Allegro MicroSystems

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

microsystems www.allegromicro.com




A80804 and
A80804-1

High-Current Four-Channel Automotive LED Controller

APPLICATIONS INFORMATION

MOSFET Selection Guidelines

The A80804 uses N-channel MOSFETSs for controlling the LED

current. The following should be considered when selecting a
MOSFET:

* Drain-source voltage must be higher than the maximum input

voltage.

* Drain current rating must be higher than LED current.

* MOSFET input capacitance, C;

2000 pF.

188

should be 250 pF < C; , <

1SS

* MOSFETSs can be paralleled with above considerations.

Some recommended MOSFETs are given below in Table 6.

Table 6: Sample of Possible MOSFETs

» For low voltage operation (V< 7 V), select a logic level Max. Input Voltage = 40 V
MOSFET. Part Number (Vps (V)| Ip (A) | Package | Ciss (PF) | Application
* The MOSFETs power dissipation is at the worst-case BUK7M67-60E | 60 14 |LFPAK33| 250 |'LED<300mA,
S . VN> 7V
condition in FULL mode at max Vyy, based on Equation 13.
) RD3L080S 60 8 DPAK 380 ILep <700 mA
Equation 13: NVD5867NL | 60 | 22 | DPAK 675 | l.gp <700 mA
Pp = (Vingnax) = Vemin) * ILgp BUK7675-55A | 55 | 20.3 | D2PAK 320 | l.gp > 700 mA

Note: These MOSFETs are only for guidance, actual selection depends
on application requirements and required power dissipation (thermal
design).

* Select MOSFET to handle the power without exceeding
junction temperature rating, T}, of the MOSFET. A proper
PCB layout is recommended to minimize temperature rise.
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Four 2-LED Channels, Internal PWM at 200 Hz, 5% Duty Cycle, Without Analog Dimming

TAIL/PSTN N
ot J_* c1 J_ o)
47 uF 2.2 pF Ny Ny N Ny
STOP/DRL I ‘LEDI ‘LED3 \LEDS ‘LED7
Sr1 D2 MLEp2 [ *LED4 | “LED6 | *LEDS
S10kQ = Ul
bo | %S VIN DI %Z ol
2100kQ FULL gi 23" RD3LOSOSNTLI
— gg PWMINI1
. ST PWMIN2 -
3 PWMIN3 12Q
WFAULT PWMIN4
VBIAS E— =
L _I_ 1 { vBias »” GND !
Lra D2
SRS SR6 SR7 3 3100k 21 | Q2
$100k $100k 100k T 220F 8 | rauLT (S:j 20 |47 RD3Los0SNTLI
FDIS 11(1) FDIS
@V VR =0 17| VINDERAT -
©6V) UVLO 12Q
2RY 2RI0 2RIl
47kQ 63.4kQ 316k A80804 =
= GND
— — — VBIAS 1 |_
B . B T D3 = = a3
G3 > | RD3LOSOSNTL1
13 S3
W VDR
gl ADIM1 R12
100 kQ ADIM2 12Q
GND |
3.57kQ i; ESET D4 2 ﬁ o
(200 Hz) SLEW G4 RD3LOS0OSNTLI
RIS 18 MODE S4 5 ]
309K g EW (Fast)
MODE (N-1) e
1 L 29 MINOUT |28 120
- - 6& PWMOUT |

f}o GND

Figure 23: Application Circuit for Four 2-LED Channels,
Internal PWM at 200 Hz, 5% Duty Cycle, Without Analog Dimming

Design Requirements

Requirement Value Unit
Vinguiny (UVLO) 6 v
Vinminy (regulation) 8 v
VE(max) 6.4 v

e 400 A

LY 200 hz
Duty Cycle (D) 5 %
V|y Derate Start 20 v
No analog dimming _ ~
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Bill of Materials

Designator Description Quantity
C1 Capacitor, Electrolytic, 47 pF, 50 V, 10% 1
Cc2 Capacitor, Ceramic, 2.2 pF, 50 V, 10%, X7R 1
C3 Capacitor, Ceramic, 2.2 pF, 16 V, 10%, X7R 1
D1, D2 Diode 2
ED1LEDE [E09 LE0L 1208 [ enay :
Q1,Q2,Q3, Q4 MOSFET N-CH 60 V 8 A TO-252-2 (DPAK) 4
R1, R2, R4, R5, R6, R7, R13 Resistor, 100 kQ, 1/8 W, 1 %, 0603 7
R3, R8, R12, R16 Resistor, 1.2 Q, 12 W, 1 %, 1206 4
R9 Resistor, 47 kQ, 1/8 W, 1 %, 0603 1
R10 Resistor, 63.4 kQ, 1/8 W, 1 %, 0603 1
R11 Resistor, 31.6 kQ, 1/8 W, 1 %, 0603 1
R14 Resistor, 3.57 kQ, 1/8 W, 1 %, 0603 1
R15 Resistor, 30.9 kQ, 1/8 W, 1 %,0603 1
U1 A80804 in QFN-32 1
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Four 2-LED Channels, External PWM, Analog Dimming at 80%

STOP/DRL

l
Ll I J_ J_
D1
TAIL/PSTN *cl c2
Pt 74F 22w SRI ¥Y: AR AR Ny
D2 T T 7100 kQ LEDI1 LED3 LEDS LED7
I A &3 r3 r3 A A3
— J__ LED2 LED4 LED6 LEDS
C3 SR2
33uF  7100kQ Ul
b 26 25 |
> VIN Dl 57 Hai
= FULL Gl 23" RD3LO80OSNTLI
1 _r— _PWMINI 29 PWMINI S1
—I L g 1\]\21 g ?;(; PWMIN2 R3
— I
1 _PWMIN4 32 mxgﬁ 120
nFAULT
VBIAS =
J_ 19 VBIAS 2 y
132 D2 [ 2 000 ]
SRS SR6 SR c4 3100k 21 |2
>100 kQ 2100k S100ke T 22uF 8 | eavT g’g 30 |4 RD3LOSOSNTLI
FDIS 11(1) FDIS
V) V[ND](LZPE)A\T) Vo 12 VINDERAT RS
®V) UVLO 120
S RY 2RIO 3R
47kQ 63.4kQ 31.6kQ A80804 =
— — = VBIAS 1 !
— = = - D3 3 1= Q3
G3 5 | RD3LOSOSNTLI
13 S3
W VDR
= ADIMI RI3
ADIM2 12Q
T Fser D4 [ o4
3 SLEW G4 3 | RD3LO80OSNTLI
MODE S4
SLEW (Fast)
MODE (N-1) RIS
= 22 MiNouT (58 120
- [CR- PWMOUT [—

Figure 24: Application Circuit for Four 2-LED Channels,
External PWM, Analog Dimming at 80%

Design Requirements

Requirement Value Unit
Vinginy (UVLO) 6 v
Vinminy (regulation) 8 \Y
VE(max) 6.4 \

lLep 400 mA

fowm External Hz
Duty Cycle (D) External %
V,y Derate Start 20 \Y
ADIM1 80 %
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Bill of Materials

Designator Description Quantity
C1 Capacitor, Electrolytic, 47 pF, 50 V, 10% 1
Cc2 Capacitor, Ceramic, 2.2 pF, 50 V, 10%, X7R 1
C3 Capacitor, Ceramic, 3.3 uF, 50 V, 10%, X7R 1
C4 Capacitor, Ceramic, 2.2 pF, 16 V, 10%, X7R 1
D1, D2 Diode 2
LED1LED2 [E09 LEDK 1£08 [ ena ;
Q1,Q2,Q3, Q4 MOSFET N-CH 60 V 8 ATO-252-2 (DPAK) 4
R1, R2, R4, R5, R6, R7, R12 Resistor, 100 kQ, 1/8 W, 1 %, 0603 7
R3, R8, R13, R15 Resistor, 1.2 Q, 1/2 W, 1 %, 1206 4
R9 Resistor, 47 kQ, 1/8 W, 1 %, 0603 1
R10 Resistor, 63.4 kQ, 1/8 W, 1 %, 0603 1
R11 Resistor, 31.6 kQ, 1/8 W, 1 %, 0603 1
R14 Resistor, 178 kQ, 1/8 W, 1 %, 0603 1
U1 A80804 in QFN-32 1
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Multiple A80804 Controller-Peripheral Arrangement

The controller IC is configured as a single IC in Internal PWM

mode. In TAIL mode, a resistor on the FSET pin determines the
PWM frequency, and the duty cycle is controlled by voltage on
the VDR pin. In Full mode, duty cycle is always 100%.

Operating PWM frequency and duty cycle output is provided on
the PWMOUT pin. Connect this pin to the PWMINX pins of the

peripheral ICs. Each peripheral IC is configured in external PWM
mode.

Controllers and peripherals derate LED current independently,
based on VIN pin voltage and junction temperature of the respec-
tive device. Overtemperature or input overvoltage conditions
derate LED current by controlling peak current in both Stop and
Tail modes.

TAIL/PSTN > D2
Lot Leo Lcta Lcoa
1 1 N 1 1 N
b1 ) )
STOP/DRL
>
) )
$R5 VIN D1 VIN D1
PWMINX [ |FuL
Gib———— a1 = ]
FULL MODE
2 R6 S1 Csﬂ_ L VBIAS S1
R1 R7a FSET Rt
= I( MODE
= VDR =
in - VBIAS L
c3 |
I 2R19 nFAULT nFAULT
= VOR PWMOUT
PWMOUT ——
2R22 3R21
GND GND
L L L

Figure 25: Controller-Peripheral Operation with Internal PWM. Only one channel shown for simplicity.
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Multiple A80804 In Parallel with External Dimming

All the A80084 devices are configured for external PWM mode.
PWM input from the MCU controls frequency and duty cycle in
Tail mode. In Stop mode, duty cycle is always 100%.

Each IC derates LED current independently, based on VIN pin
voltage and junction temperature of the respective IC.

TAILPSTN N D2
! 1o L Lcoe  Lc
L1 « | L1 S
N \
STOPIDRL D1 h X
RS RS >Q
3 VIN D1 VIN D1
FULL
FULL !
R6 61— af VODE 61— 0n
i —MODE ,
L st e L VBIAS st
t—VBIAS R1 $ Ria
L3 L I R7a3 FSET
I FSET a8 =
= = . L|VOR i
VDR =
| nFAULT nFAULT
PWMOUT— PWMOUT—
Exerne PAN PWMINX PWMINX
GND GND
I I
Figure 26: Parallel Operation with External PWM. Only one channel shown for simplicity.
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Sequential LED Driver

BATT D1 . R A A .
|
1o Lo
1 1 ¢ T T T
N N N N
NN TN TN
VIN D1
1 _| Q1
R VBIAS s1 %
fcs R1
’ FSET D2 _
G2 —|'_ Q2
MODE :l
f/o_ s2
D3 -
= Q3
— L | —{PWMIN G3 I~
I e
— | PWMIN2 s3
R3
[ [ | i
PWMIN3 1
[ [~ _ | D4 -
PWMIN4
Sequential Logic input G4 = Q4
|1
oo o A%
= R4

Figure 27: Sequential LED driver
Each sequence is approximately 50-200 ms and off period could be up to 0.6 seconds.
Faults reset in each cycle as off period is > 20 ms.
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LED Binning and NTC Derating

This application example demonstrates LED binning and thermal derating using ADIM1 and ADIM2. The schematic shows a simpli-
fied A80804 to focus on the analog dimming pins, which are controlled by a voltage divider from Vgjsg. The bottom of the voltage
divider is mounted on the remote LED board allowing each LED board to adjust its own analog dimming behavior. ADIM1 is used for
LED binning and ADIM2 is used for LED temperature derating, configured to begin derating the LED current when the temperature
exceeds 100°C. Figure 28 below shows two possible remote LED boards with a different binning configuration and the same tempera-
ture derating configuration.

VIN 26

VIN
VBIAS 19
VBIAS Dx |__To MOSFETs
< < Gx
Remote LED Board #2 Remote LED Board #1 SR1 SR2 Sx b—ou
Bin at 90% Bin at 100% 10 kQ 6.34 kQ 12
ADIM1
7 ADIM2
’;'g'\"j” ADIM2 ﬁ'g'{‘;” ADIM2
: 25V @ 100°C ) 25V @ 100°C on
< R3 SIRTI < R3 SIRTI z
S5k 3 100k 2 100kQ "fwo kQ o g
©
L =
GND
GND

Figure 28: A80804 Analog Dimming with Remote LEDs

Use Equation 6 to calculate the voltage at the ADIMI pin for the LED binning requirements. Set the top resistor of the voltage divider to
10 k€ and use Equation 14 to solve for the bottom resistor, where Vg is 3.6 V for 90% dimming and at least 4.0 V for 100% dimming.

Equation 14:

Vapimi1 X Rrop
Rpor = Vv
BIAS ~ VADIM1

For temperature derating with ADIM2, select an NTC thermistor, in this case a Vishay NTCS0603E3104FXT 100 kQ thermistor, and use
Equation 15 to calculate the NTC resistance value at 100°C. Use Equation 16 to calculate the resistance of the top of the voltage divider for
ADIM2.

Equation 15:

1 1

(100 +273.15) (25 + 273.15)

RNTC[lOOC) =100 kQ X eB< ) =6.34 kQ

Equation 16:

S 1) =6.34kn<i - 1):6.34k9

ADIM2 2.5

Rapimz(rop) = Rnre(ioo0) (
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The LED current is controlled by the minimum of ADIM1 and ADIM2. If ADIM is used to scale the LED current, ADIM2 does not affect
the LED current until lower than ADIM1, as seen in the red curves in Figure 29.

ADIM2 Voltage Divider vs. Temperature

6.0 ‘ 12
55 } 1141
50 ‘ 1
A5 =g -
40
35
2 £
S 30 8
25
20
15
10 Vaomz V)
05 | LED Current Gain (ADIM1=100%)
= = = ED Current Gain (ADIM1=90%)
0.0 ' ' '
40 60 80
Temperature
Figure 29: Vpp 2 Vs. Temperature
Table 7: Component Values
Component |LED Board 1 |LED Board 2
ADIM1 RTOP 10 kQ 10 kQ
ADIM1 RBOT 100 kQ 25.5kQ
ADIM2 RTOP 6.34 kQ 6.34 kQ
ADIM2 NTC RO 100 kQ 100 kQ
Table 8: Design Results
LED Board 1 LED Board 2
Temperature (°C) Vaom1 (V) | Vapmz (V) | Vsense (V) LEDGCalil:ent Vaom1 (V) | Vapmz (V) | Vsense (V) LEDG(.;?I:rent
25 4.55 4.70 0.50 1.00 3.60 4.70 0.45 0.90
90 4.55 2.87 0.50 1.00 3.60 2.87 0.45 0.90
100 4.55 2.49 0.49 0.99 3.60 2.49 0.45 0.90
110 4.55 2.14 0.42 0.84 3.60 2.14 0.42 0.84
120 4.55 1.81 0.35 0.69 3.60 1.81 0.35 0.69
130 4.55 1.53 0.28 0.56 3.60 1.53 0.28 0.56
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Parallel MOSFET Arrangement for High-Power Application

€.
I \ 4

N

VIN \:‘

D1 ®

N

R1a R2a R3a

S1

oo

Figure 30: Parallel MOSFET Arrangement for High Power Application

R1a, R2a, and R3a helps in balancing current through MOSFET. Typically for 0.3 A select 1 Q resistor. Total input capacitance of
MOSFETs should be as specified by C;y requirement in MOSFET Selection Guidelines.
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Arrangement to Avoid LED Current in External PWM Mode with Full Pin Connected to VIN and
PWMINx Held Low at Startup

C1 C2

T
1 T
¢ ) \ 4

R5 VIN

T
: 1

STOP/DRL N

D1 p———9

FULL
R6 | ca G1
T VBIAS o1
c3 -
| FSET

———— PWMINx

External PWM

13T
2

GND
L
Figure 31: Application to avoid initial LED current in external PWM mode
with FULL pin connected to VIN and PWMINXx held low at startup.
Design R5-R6 and C4 network to limit voltage on the FULL pin to below 1 V within 20 ms from startup.

If the FULL pin is driven externally such as through a microcontroller, provide a 20 ms delay from startup on the FULL pin.

This delay is not required for internal PWM with FSET connected to GND through frequency setting resistor. This is also not needed
if the FULL pin remains low.

Faults do not latch; the part recovers when a fault is removed. But if multiple faults occur at the same instance, then part may latch.
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Quick Summary of Operation
1. Internal PWM mode is selected when the FSET pin is connected to GND through a frequency setting resistor.
2. External PWM mode is selected when the FSET pin is connected to VBIAS.

Full mode is selected when the FULL pin is high, and the A80804 operates with 100% duty cycle regardless of internal or external
PWM configuration.

4. Individual LED current is set by a current sense resistor from the Sx pin to GND for each channel. This current can be derated
with analog dimming.

5. The voltage on each ADIMXx pin sets the peak LED current. Analog dimming for each ADIMx pin is disabled if the ADIMX pin is
connected to VBIAS.

6. Input voltage derating reduces LED current, similar to analog dimming, when Vi > 10 X Vypgrat 7 0.7 V or Vg >35 V.
7. Internal thermal derating reduces LED current when the A80804 experiences high junction temperatures.

8. Open LED fault is disabled when Vi <5 % Vgpq, Where Vipg is the voltage on FDIS pin. This voltage is usually set by a voltage
divider between VBIAS and GND.

9. Input undervoltage fault threshold is set by 5 x Vv o, Where Vv g 18 the voltage on the UVLO pin. This voltage is usually set
by a voltage divider between VBIAS and GND.

10. Faults are detected only on enabled channels.

11. Faults are only detected when PWMINX is high. During PWM low state the fault state is retained. All four channels can control
the nFAULT pin. The nFAULT pin is released if the faulted LED string’s PWMINX pin is pulled low for at least 20 ms, allowing
faults on other pins to be detected.

12. All unused channels must have the PWMINX pin held low.

13. Pulling the MODE pin high sets the fault response action to “one-out-all-out”, and pulling the MODE pin low sets “one-out-con-
tinue (N-1)” mode, where all other LED strings without a fault continue operating. When the MODE pin is high, the nFAULT pin
acts as bidirectional fault pin, where multiple A80804 devices can react to a fault together.
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PACKAGE OUTLINE DRAWING

For Reference Only - Not for Tooling Use
(Reference JEDEC MO-220VHHD-6)
Dimensions in millimeters — NOT TO SCALE
Exact case and lead configuration at supplier discretion within limits shown

030 050
5002010 0.10 REF — | «— 43] F7 7
= 00000000 -
[1 ; 1/ ! o |
| I | —
i o i C
L 5002010 — | 7{17 =l 4| == 340500
I
i |
l I
i ] i ]
[] I_‘_J ; | —
00000000
085 £0.05 1 |
v «—340—
SEATING 5.00

—1 "EJ A PLANE
0.22 £0.05 — ,—»‘ -« A

0.50 BSC 0.05 REF
* | A\ 4
0.40 +£0.10 | Juu U}U yuu A 0.40 +£0.10
; D — ‘ o= 0.10 REF 0.203 REF
) | g v 7
S = ; }
= +— Y sm0z010 —JL
oe) -: d 0.05 REF
= :3! g Detail A
2 D 8| (e
1R :\ S A )
Eﬂnnn nNANN 2 Terminal #1 mark area
32 Exposed thermal pad (reference only, terminal #1 identifier appearance at supplier
«——3.40 +0.10—> discretion)

Reference land pattern layout (reference IPC7351 QFN50P500X500X100-33V6M);
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, thermal vias at the exposed thermal pad land can improve thermal
dissipation (reference EIA/JJEDEC Standard JESD51-5)

Coplanarity includes exposed thermal pad and terminals

Figure 32: 32-Pin 5 mm x 5 mm QFN with exposed thermal pad and wettable flank (suffix ET)
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Revision History

Number Date Description
- September 14, 2021 | Initial release
1 January 18. 2024 Added Latching Faults table (page 20); updated LED Binning and NTC Derating section (pages 29-
y1e, 30) and Quick Summary of Operation (page 33), and minor editorial updates.
2 October 17, 2024 Updated packing information in selectllon‘gwde table (page 2); added Source Shorted to GND fault
to Tables 1-3 (pages 18-20); minor editorial updates.
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for any infringement of patents or other rights of third parties which may result from its use.
Copies of this document are considered uncontrolled documents.

For the latest version of this document, visit our website:

www.allegromicro.com
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A Manchester, NH 03103-3353 U.S.A.
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