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Automotive Multi-topology Controller IC

Features

AEC-Q100 qualified
—  Device ambient temperature:
-40°C = Ta<125°C
—  Device junction temperature:
-40°C < T;<£150°C
Wide input voltage: 4.5V to 60 V
Maximum output voltage is up to 60 V
Enable function with very low shutdown current,
<15pAat 105°C
Multi-topology  supported,
Buck-Boost, SEPIC and Flyback
Constant current or constant voltage regulation
Switching frequency: 100 kHz to 500 kHz
Optimized EMI performance
—  Spread spectrum: 7 kHz, +15%
- SYNC to external frequency
Analog and PWM dimming (embedded or
external) to adjust average LED current
Diagnostic and protection
- Open load, short to GND and open
feedback detection
- Output overvoltage protection
— Input undervoltage protection
—  Overtemperature shutdown

Boost, Buck,

Applications

Automotive exterior lighting
General illumination
General DC-DC controller

Package Information

Part Number Body Size

DIA82901

EP-TSSOP14 5.0 mm x 4.4 mm

B Description

The DIA82901 is a multi-topology current mode

DC-DC controller that supports Boost, Buck,
Buck-Boost, SEPIC and Flyback. Flexible
configuration in constant current/voltage and

multi-topology make it ideal for automotive LED
application.

The DIA82901 supports both analog dimming and
PWM dimming. In addition to internal PWM dimming,
embedded PWM dimming is supported, which can
save the MCU resource. The device has very low
shutdown current by enable function.

The switching frequency is adjustable from 100 kHz
to 500 kHz or synchronized from 250 kHz to 500 kHz.
The EMI performance of DIA82901 can be optimized
by spread spectrum modulator.

The full diagnostic and protection are integrated,
open circuit and short to GND detection, output
overvoltage and input undervoltage protection,
temperature shutdown. All these faults can be
reported by FPWM/FAULT pin. In addition, the soft
start function is integrated which limits the inrush
current and voltage overshoot at start-up.
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B Ordering Information

DIA82901
Version 1.1, Jul 2024

Ordering Part No.

Top Marking

MSL

RoHS

Ta

Package

DIA82901XT14

DIABGOA

Green

-40 to 125°C

EP-TSSOP14

Tape & Reel, 2500

If you encounter any issue in the process of using the device, please contact our customer service at
marketing@dioo.com or phone us at (+86)-21-62116882. If you have any improvement suggestions
regarding the datasheet, we encourage you to contact our technical writing team at docs@dioo.com.

Your feedback is invaluable for us to provide a better user experience.
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1. Pin Assignment and Functions
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Version 1.1, Jul 2024
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FBH [6 | : : [ o] ow
FeL [ 7| - et - | 8] comp
Figure 1. EP-TSSOP14 (Top view)
Pin No. Name Type Description
) Vee o Internal LDO. Used for internal biasing and gate drive. Bypass with external
capacitor. Do not leave the pin open.
2 DRV 0 Switch gate driver. Connect the pin to gate of external switching MOSFET.
1. PWM frequency selector. Connect external capacitor to set PWM frequency.
3 FPWM/FAULT o 2. 2. Pull high when fault (VCC_UVLO, OPEN, SHORT, TSD or OVP, FBH/FBL
OVP) occurs; pull low when VIN_UVLO occurs.
4 CS I Current sense. Detects the peak current through switch.
5 PWMO o] PWM dimming. Connect to gate of external MOSFET.
6 FBH I Voltage feedback positive. Non inverting input (+).
7 FBL I Voltage feedback negative. Inverting input (-).
8 COmMP I Compensation. Connect RC network to the pin for control loop stability.
9 ovp Overvoltage protection feedback. Connect to resistive voltage divider to set
overvoltage threshold.
10 SET Analog dimming. Load current adjustment pin. Do not leave the pin open.
If analogy dimming feature is not used, connect the pin to VCC pin.
Frequency select or synchronization. Connect external resistor to GND to set
11 FREQ/SYNC frequency (two resistor sets are defined for activating or deactivating the spread
spectrum modulator).
12 GND G Ground. Connect to system ground.
Enable or PWM. Apply logic “low” signal to disable device and put it in low
13 EN/PWMI current consumption. Apply logic “high” signal to enable device or PWM signal
for dimming LED. Apply an analog signal (in a proper range) to enable a PWM
engine which works at a defined duty cycle.
14 VIN Supply. Supply for internal biasing.
Thermal pad i Thermal pad. Connect to external heat spreading GND Cu area (for example,
inner GND layer of multilayered PCB with thermal vias).

|
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2. Absolute Maximum Ratings

Exceeding the maximum ratings listed under Absolute Maximum Ratings when designing is likely to damage the
device permanently. Do not design to the maximum limits because long-time exposure to them might impact the
device’s reliability. The ratings are obtained over an operating free-air temperature range unless otherwise

specified.
Symbol Parameter Rating Unit
Voltage range on OVP, CS, DRV, FPWM/FAULT, COMP,
-0.3t0 5.5 \Y,
FREQ/SYNC, PWMO, VCC
ViN Supply input voltage -0.3 to 60 \%
Vser SET -0.3 to 60 \Y
VEN Enable or PWM input voltage -40 to 60 V
VEsH - VFaL Feedback error amplifier differential -40 to 60 \%
VreH, VFsL Feedback error amplifier inputs -40 to 60 \%
FBH and FBL current feed back error amplifier inputs
IrsH, IFBL 1 mA
(t< 100 ms, VreH - VesL = 0.3 V)
T, Junction temperature -40 to 150 °C
Tste Storage temperature -55 to 150 °C

3. Recommended Operating Conditions

Recommended operating conditions are specified to ensure optimal performance to the datasheet specifications.
The ratings are obtained over an operating free-air temperature range unless otherwise specified.

Symbol Parameter Rating Unit
Vin Extended supply voltage range 4.5 10 60 \%

VesHs VEsL Feedback voltage input 310 60 \%
Ty Junction temperature -40 to 150 °C

www.dioo.com 2 © 2024 DIOO MICROCIRCUITS CO., LTD.
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4. ESD Ratings

When a statically-charged person or object touches an electrostatic discharge sensitive device, the electrostatic
charge might be drained through sensitive circuitry in the device. If the electrostatic discharge possesses
sufficient energy, damage might occur to the device due to localized overheating.

Model Condition Value Unit
Human-body model AEC-Q100-002 +2000 \%
Charged-device model AEC-Q100-011 1750 \%

5. Thermal Considerations

The thermal resistance determines the heat insulation property of a material. The higher the thermal resistance
is, the lower the heat loss. Accumulation of heat energy degrades the performance of semiconductor

components.
Symbol Metric Value Unit
Resa Junction-to-ambient thermal resistance 53 °C/W

www.dioo.com 3 © 2024 DIOO MICROCIRCUITS CO., LTD.
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6. Electrical Characteristics

DIA82901
Version 1.1, Jul 2024

The values are obtained under Vin = 8 V to 34 V, T, = -40°C to 150°C, all voltages with respect to ground,
positive current flowing into pin, unless otherwise specified.

Symbol Parameter Conditions Min Typ Max | Unit
Switching regulator
VRer = VrsH -VesL; Vser =5 V;
VRer Feedback reference voltage | I.ep= 350 mA; Differential signal 0.29 0.30 0.31 V
(not referred to GND)
VRrer= Vran -VraL; Vser = 0.4V,
VRer Feedback reference voltage | I.ep = 70 mA,; Differential signal 0.057 0.06 0.063 \%
(not referred to GND)
VRer = VrsH - Vesl; Vser = 0.1V,
Feedback reference voltage
VREF_offset Vout > Vin; Differential signal 5 mV
offset
(not referred to GND)
Vn=8V1to19V;VseT=5V;
(AVRrer/Vrer) I AVin | Voltage line regulation 0.15 %IV
ILep = 350 mA
(AVRer/VRrer) / Also | Voltage load regulation Vser = 5V; ltep = 100 to 500 mA 5 %/A
Switch peak overcurrent
Ves Vegn = VesL =5 V; Vecowr = 3.5V 125 150 175 mV
threshold
Dwmax fixed Maximum duty cycle Fixed frequency mode 91 %
Dwmaxsync Maximum duty cycle Synchronization mode 88 %
Vser = 5 V; Vrer rising from 5% to
tss Soft start ramp 350 1000 1500 us
95% of Vrer (typ)
IFBH Feedback high input current | Vrsr - VeeL = 0.3V 38 46 54 uA
IFBL Feedback low input current | Vrsr - VreL= 0.3 V 15 21 27 pA
Switch current sense input
Ics Vcs =150 mV 10 50 100 HA
current
Input undervoltage
VIN,off VN decreasing 3.5 4.5 \%
shutdown
ViNon Input voltage startup VN increasing 4.85 V
Gate driver for external switch (')
Gate driver peak sourcing Vorv=1V 104V,
Ibrv,srRC 380 mA
current Current flows out of pin
Gate driver peak sinking
Ibrv,sNK Vorv=4Vio1V 550 mA
current
tr,DRV Gate driver output rise time CLprv=3.3nF;Vpry =1V to4V 30 60 ns
tF,DrRV Gate driver output fall time CLprv=3.3nF;Vpry=4Vto1V 20 40 ns
Vbrv Gate driver output voltage CLprv =3.3 nF 4.5 5.5 \%
Oscillator

4 © 2024 DIOO MICROCIRCUITS CO., LTD.
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frreq Oscillator frequency Rrreq = 33 kQ 250 300 350 kHz
Oscillator frequency
frreq 100 500 kHz
adjustment range
IFrREQ FREQ/SYNC supply current | VFrea =0V 3 mA
VrRreaQ Frequency voltage Rrrea = 33 kQ (frreaq = 300 kHz) 0.56 0.6 0.64 \%
Synchronization
Synchronization frequency
fsyne 250 500 kHz
capture range
Synchronization signal high | Synchronization of external PWM
Vsynen (! 3.0 V
logic level valid “on” signal to falling edge
Synchronization signal low Synchronization of external PWM
Vsyne (¥ 0.8 \Y
logic level valid “on” signal to falling edge
Synchronization signal logic | Synchronization of external PWM
tsyne,pwm () 200 ns
high pulse width “on” signal to falling edge
Spread spectrum modulator
fem (0 Modulation frequency 1.5 kQ = Rrrea = 9 kQ 7 kHz
Related to switching frequency
foev (M Modulation depth +15 %
frrea 1.5 kQ £ Rrreq € 9 kQ
Enable / PWM input
Enable/PWMI turn on
VENPWMI,ON 3 vV
threshold
Enable/PWMI turn off
VENPwMI,OFF 0.8 Y,
threshold
Enable/PWMI high input
len/PwMLH Venewm = 16.0 V 100 uA
current
Enable/PWMI low input
[eN/PWMILL Venewm = 0.5V 0.1 1 MA
current
teN,OFF,DEL Enable turn off delay time 8 10 12 ms
tPwMiH Minimum PWMI duty time 6 us
ten,start (M Enable startup time 100 us
PWM engine sets DC 0.313x | 0.32 %
VENPWM,DC_0 PWM engine min voltage \Y;
PWMO = 0% Vce Vee
PWM engine sets DC 0.56 x | 0.571x
VENPWMDC_100 PWM engine max voltage \Y
PWMO = 100% Vce Vee
DCpwwmo,pc_10% PWM engine DC Venrewm = 0.344 x Ve 8.5 10 11.5 %
fpwmo () PWM frequency range 100 500 Hz
Enable/PWMI internal
Ren_int (M Venrewm = 1.5V 1o 3V 0.7 1.35 2 MQ
pull-down resistor
FPWM/FAULT charging
lrpwm_cH -150 -200 -250 HA
current
FPWM/FAULT discharging
lrpwm_pis (" 150 200 250 HA
current

5 © 2024 DIOO MICROCIRCUITS CO., LTD.
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FPWM/FAULT voltage
Vepwm_n (D 1.9 2 21 V
rising threshold
FPWM/FAULT voltage
Vepwm L (M 0.9 1 1.1 vV
falling threshold
FPWM/FAULT output
VEpwmM . lsource = 2 MA 4 \%
voltage with fault
fpwmo () PWM frequency Crpwim = 560 pF 265 350 435 Hz
Gate driver for dimming switch ()
PWMO gate driver peak Vepwmo =1V 104 V;
lpwmo,sre (1) 230 mA
sourcing current Current flows out of pin
PWMO gate driver peak
lpwwmo,snk (! Vewmo =4 Vito 1V 370 mA
sinking current
Enable and dimming ("
PWMO gate driver output CLpwwmo = 3.3 nF;
tr.PwWMO 50 100 ns
rise time Vewmo =1V to 4V
PWMO gate driver output CLpwwmo = 3.3 nF;
tr.PwMO 30 60 ns
fall time Vewmo =4 Vto1V
PWMO gate driver output
Vpwmo CrLpwmo = 3.3 nF 4.5 55 \Y
voltage
Current consumption
Current consumption, Venrewm = 0.5 V; Ty 105°C;
la_oFr 15 MA
shutdown mode Vin=16V
Venrewmi 2 4.75 V; Rrreq = 33 kQ;
Iso = 0 mA; Vorv = 0% duty cycle;
Current consumption, active
lo_on Dependency on switching 7 mA
mode
frequency and gate charge of
external switches
Line regulator
6V=sVn=45YV,
Vce Output voltage 4.85 5 5.15 \Y
0.1 MA < lcc <40 mA
ViN=13.5V;Vec =45V,
ILim Output current limitation 51 90 mA
Current flows out of pin
Vor Dropout voltage Vin=4.5V; Vcc =25 mA 0.5 V
Undervoltage reset
Vec Horm @) @) Vec decreasing; Vee - Vec_orr 100 mvV
headroom
VCC undervoltage reset
Vee_ors @ Vce decreasing 3.6 4 \%
switch-off threshold
VCC undervoltage reset
Vee on Vcc increasing 4.5 \Y
switch-on threshold
Short circuit protection
FBH and FBL short circuit
VEBLFBH_S2G fault sensing common mode | Vrsn = VraL decreasing 1.5 2 \Y
range

6 © 2024 DIOO MICROCIRCUITS CO., LTD.
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Temperature protection ()

DIA82901
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Tysp Overtemperature shutdown 160 170 180 °C
Overtemperature shutdown
TyspHYsT ) 15 °C
hysteresis
Overvoltage protection
Output overvoltage
Vovp,TH feedback threshold 1.21 1.25 \Y
increasing
Output overvoltage
Vovp hys Output voltage decreasing 50 150 mv
feedback hysteresis
toverrR Overvoltage reaction time Output voltage decreasing 2 10 us
Overvoltage feedback input
love Vowp = 1.25V -1 0.1 1 MA
current
Open load and open feedback diagnostics
Open load/feedback VRrer = VesH - VrsL;
VREF,1,3 -100 -20 mV
threshold Open circuit 1 or 3
VREF 2 Open feedback threshold VRer = Vrgn - VesL; Open circuit 2 0.5 1 \Y
FBH/FBL OVP
FBH/FBL overvoltage
Ves,ovpl!) 75 \Y
threshold
Analog Dimming
Vser () SET programming range 0 1.6 \Y

Note:

(1) Guaranteed by design.

(2) Minimum value given is needed for regulator stability; application might need higher capacitance than the minimum.

(3) If embedded PWM engine is used, a 4.7 uF value has to be chosen as a minimum.

(4) Selection of external switching MOSFET is crucial and the Vcc orfr min @s worst case the threshold voltage of MOSFET must be

considered.

(5) It is recommended that the chip peripheral capacitance parameters VCC Buffer Capacitor(Ccc) and VCC Buffer Capacitor
ESR(Rcc esr) meet the following requirements: 0.47 yF < Ccc < 100 pF, Recesr < 0.5 Q.

(6) Specifications subject to change without notice.

© 2024 DIOO MICROCIRCUITS CO., LTD.
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7. Block Diagram

DIA82901
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vin O LDO O
—ow
Fault ——— Open
|o— |——— shortto GND
—— vccuvio
—— 1sD
FPWW/ osc —— viNuvLo ()
FAULT
EN/ A Dimming . Driver
L
PwMI Logic oge lI> O
Driver
MM ~ e
FREQ/ | \)
syne Q— 08¢
OVP | Overvoltage (
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Soft Bufer Current
SET C)— Start Comparator A
M )
FBH A
FBL - l: MM
Slope
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\
GND

Figure 2. Block diagram
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8. Function Description

8.1. Switching regulator

The DIA82901 regulator is suitable for boost, buck, buck-boost, sepic and flyback configurations. The constant
output current is especially great for light emitting diode (LED) applications. The switching regulator function is
implemented by a pulse width modulated (PWM) current mode controller.

To determine the appropriate pulse width duty cycle (on time) for constant output current, the switching current
mode controller adopts the peak current through the external power switch and error in the output current. A
modulated signal to an internal gate driver is provided by the current mode controller, and it drives an external
n-channel enhancement mode metal oxide field effect transistor (MOSFET) power switch.

The current mode controller also has integrated internally slope compensation, preventing sub-harmonic
oscillations which is a characteristic of current mode controllers operating at high duty cycles (>50% duty). The
DIA82901 also features an integrated soft start which limits the current through the inductor and external power
switch during initialization. The soft start function gradually increases the inductor and switch current over tss so
as to minimize potential overvoltage at the output.

Uvvce

High When Vo <4.0V 4,

wet=40v| Gate Driver
Supply

5 vee
5 DRV

Current
Comp

—_— )

Qutput
Stage OFF
| when

High when

lea-lsiope-les > O

OFF

0if Veer< 16V
A Low when R
seL O+—>— To> 170°C
" st
VSET-01V
IsLore
Oscillator Slope Comp. (@ d

FREQY | ;
5

SYNC

Clock

GND

Figure 3. Switching regulator block diagram

8.2. Switching oscillator and synchronization
8.2.1. RFREQ vs. switching frequency

The internal oscillator of the DIA82901 can determine the switching frequency of the regulator. An external
resistor referred to GND can be used to select the switching frequency ranging from 100 kHz to 500 kHz and the
status of spread spectrum modulator can be selected.

The range scale of the usable resistor is divided in two sections.

For lower values of resistor it selects the switching frequency with the spread spectrum modulator “on”, while for
higher values of the range it selects the switching frequency with the spread spectrum modulator “off”.

www.dioo.com 9 © 2024 DIOO MICROCIRCUITS CO., LTD.
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To set the desired switching frequency with spread spectrum modulator “off’, the external resistor value is

calculated by the following equation and is summarized in Table 1.

1
(340 x107" x frrea)' "

To set the desired switching frequency with spread spectrum modulator “on”, the external resistor value is

(1)

RFrEQ — ssMoff =

calculated by the following equation.

1
(600 x 1072 x frreq)?9%*
What's more, the oscillator is able to change from the frequency set by the external resistor to a synchronized

RFREQ — sSMon = - (600) (2)

frequency from an external clock source. If the pin FREQ/SYNC provides an external clock source, the internal
oscillator synchronizes to this external clock frequency and the boost regulator switches at the synchronized
frequency. The synchronization frequency capture ranges from 250 kHz to 500 kHz.

'[I DIA82901
<ll l

FREQ Spread spectrum | | Oscillator
FREQ/ (} ___________ modulator
SYNC

SYNC y

JUUUL |Clock frequency > Multiolexer .| Dc/DC
detector 2 switching —DO—() DRV
regulator
Figure 4. Oscillator and synchronization block diagram
Vsine A tane =1/ fsnc

-
%

- A

tsvne, pwH ;
.
‘

e A

Figure 5. Synchronization timing diagram
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Table 1. Rrreaw vs. fsw

Spread spectrum Rrreqw fsw
1.8 kQ 435 kHz
2.2kQ 370 kHz
2.7 kQ 311 kHz
3.3kQ 260 kHz

Spread spectrum On 3.9kQ 224 kHz
4.7 kQ 188 kHz
5.6 kQ 159 kHz
6.8 kQ 132 kHz
8.2 kQ 110 kHz
22 kQ 422 kHz
27 kQ 352 kHz
33 kQ 295 kHz
39 kQ 254 kHz

Spread spectrum Off
47 kQ 216 kHz
56 kQ 185 kHz
68 kQ 156 kHz
82 kQ 132 kHz

8.2.2. Spread spectrum

In the lower frequency range of the spectrum (for example, f < 30 MHz), the spread spectrum modulation
technique greatly improves the EMI performance.

The spread spectrum approach may be used to improve the input and output filters to meet EMC requirements.
Furthermore, because the input capacitor series resistor is necessary for the low frequency filter characteristic,
the need for low ESR input capacitors is reduced. If average restrictions are strictly enforced, this can be
advantageous economically.

The modulation frequency frm is internally fixed, while the modulation depth is a fraction of the switching
frequency foev.
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A 4

A
A4

1/feu

Figure 6. Spread spectrum modulator

8.3. Enable & Dimming function

The enable and dimming functions of the DIA82901 will be affected by The status of the pin EN / PWMI. For
different values of the voltage on this pin, the device has different behaviors as below:

® When Venpwm < Venrpwmiorr (= a valid logic “low” is present), the device is powered off;

® When Venewm > Venrpwmion (= a valid logic “high” is present), the device is powered on and it can accept a
digital PWM,;

® When an analog signal is in between Venrwmipc_o and Venpwwmipc_1o0, the device and the embedded PWM
engine are powered on.

8.3.1. Enable function

The enable function determines whether the device is on or off. When the device is at the start-up status or when
a valid logic low signal on enable pin EN / PWMI for a time longer than tenorrpeL powers off the device, the
current consumption is less than lq_orr.

To fully activate the DIA82901 at the start-up status, a valid logic “high” need to be present while the VCC
reaches the level Vcc on.

To achieve the enable function, the DIA82901 has integrated a pull down resistor . If the EN pin is left open, this
pull down resistor, Ren_int, makes sure that the IC is shut down and the power switch is off.

8.3.2. Digital PWM dimming function

If a valid logic high/low pattern is present on EN / PWMI, the digital PWM dimming function is activated. The EN /
PWMI signal sets the average current on the load, enabling and disabling the gate drivers according to the logic
signal present in the pin.

The DIA82901 distinguishes between the enable off and PWM dimming signal when PWM logic is engaged by
requiring the enable off at the EN/PWMI pin to remain low for the Enable turn off delay time. Find the details of
the pattern and the timing constraints in the below figure.
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Figure 7. Block diagram and simplified application circuit enable and LED dimming
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Figure 8. Timing diagram enable and LED dimming

Note: The slope of the Vcc is related to the filter capacitor. So its steady state condition can be achieved after ten,starT.

8.3.3. Embedded PWM dimming function

In the voltage window in between a valid logic “low” level and a valid logic “high” level, the embedded PWM
dimming function (PWM engine) is activated. According to the analog voltage of the pin, a duty cycle (DC) on
PWMO output is generated in this voltage window. The equation (3) show how to get the DC value:

Venewm - 0.32 x Ve

DCI%] =g og xyee < 100[%] (3)
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About the calculation of the Venpwwmi, the pull-down resistor is involved and the resistor features the shut down

when the pin EN is left open. If this value is considered and a voltage divider between VCC and ground is used,
the DC can be calculated by the equation (4):

Rs || Ren_int
Re || Ren_nT +Ra 0.32
0.24

DC[%] = x100[%] (4)
The frequency of PWMO signal varies with the value of the capacitor on the pin FPWM/FAULT. Two internal
current generators charge and discharge the capacitor and this signal supplies an internal divider to produce the
desired frequency.

PWM A
duty cycle
100% e

! |
' |
! |
! |
! |
! |
! |
! |
! |
! |
! |
! |

I
PWM On |

I
PWM Off | variable DC :

I
! |
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I
10% F-—------- A :

VENPWMIDC_0 VEnPwWMI,DC_10 VEnpami,oc_100 TV
Figure 9. Duty cycle variation as a function of Venpwm
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Figure 10. Block diagram of PWM engine
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The following equation shows the relation of PWM frequency and the capacitor:

1
frwmo = (5)

1
511 x CrrwM % (VFPWM_H - VFPWM_L ) X (| p———— + | IFPwM_DIs |)

Typically, the variation of PWM frequency is shown in Figure 11. DIOO recommends to put this capacitor very
close to the pin FPWM/FAULT so as to decrease the impact of parasitic capacitance as much as possible. The
signal produced by the PWM engine (with the desired DC and frequency) is capable of enabling and disabling
the gate drivers and modulating the average current on the load.

A

600

500

300

fpwm(HZ)

100

350 450 550 650 750 850 950 1050
CFPWM (pF)

Figure 11. PWM frequency variation as a function of Crewm

To activate the internal logic, it'’s only in the start-up status that a valid logic high on the pin EN/PWMI is needed.
The valid logic high on pin EN/PWMI has to remain until Vcc reaches its steady state. A proposal circuit to obtain
this behavior is shown in Figure 12.

It acts as below:
® At start-up Q1 is off and VIN supplies pin EN / PWMI through Rum and it starts up the circuit;

® When the DIA82901 is ready to work (for example, the VCC has reached its steady state), the VCC
switches on Q1 (the current through Q1 is limited by Ryw);

® Then the voltage on EN / PWMI pin given by the resistor divider Ra, Rs provides the desired duty cycle.
The diode D1 ensures the proper behavior for the biasing.

Only when embedded PWM dimming function is used, this start-up circuit is needed. To ensure the start-up of
the device, the suitable dimensioning of Rum and voltage divider (Ra and Rg) resistors is needed . Venpwwmi has to
be higher than Venpwwmi,on during start-up. Fixing Rum, Re can be calculated by following equation:

VEN/PWMI, ON

Rs >
VIN - VD1 - VEN/PWMI, ON

x RLIM (6)

The value of Ra has to be calculated based on the desired duty cycle.
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Figure 12. Block diagram of analog PWM dimming with simplified application circuit
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Figure 13. Timing diagram enable and LED dimming with PWM engine

8.4. FPWM/FAULT indicator

The devices allow the FPWM/FAULT pin to indicate fault conditions.The FPWM/FAULT pin goes high under the
following conditions: VCC_UVLO, OPEN, SHORT, TSD, OVP Feedback or FBH/FBL OVP.

8.5. Linear regulator

The internal linear voltage regulator supplies the internal gate drivers with a voltage of 5 V (typ) and current up to
IlLmmin For stability and buffering transient load currents, it's needed to have an external output capacitor with
ESR lower than Rccesr on pin VCC.

www.dioo.com 16 © 2024 DIOO MICROCIRCUITS CO., LTD.



di OO DIA82901
Version 1.1, Jul 2024
During normal operation, the external MOSFET switches will draw transient currents from the linear regulator

and its output capacitor. The output capacitor with a proper size must be considered to supply sufficient peak
current to the gate of the external MOSFET switches.

8.5.1. Integrated undervoltage protection for the external switching MOSFET

In case the output voltage falls below the VCC undervoltage reset switch off threshold (Vcc orr), an integrated
undervoltage reset threshold circuit is capable of monitoring the linear regulator output voltage (Vcc) and resets
the device. Through the way of making sure that the gate drive voltage is sufficient to enhance the gate of an
external logic level n-channel MOSFET, the undervoltage reset threshold for the VCC pin can protect the
external switches from excessive power dissipation.

VIN \Vele
T O LDO , —O
f A T Cvcc
EN/ Dimming
PwmI P logic (QPwWMO

Figure 14. Voltage regulator block diagram and simplified application circuit

8.6. Protection and diagnostic functions

The integrated circuits of the device can diagnose and protect against output overvoltage, open load, open
feedback and overtemperature faults. Furthermore, the FBH and FBL potential is monitored and in case the LED
load is shorted to GND (See Figure 20) and the regulator stops the operation and protects the system. In case
any of the six fault conditions occur the PWMO and DRV signal will change to an active logic “low” signal to
communicate that a fault has occurred, while VCC shutdown occurs only in case of overtemperature or input
undervoltage (See Figure 15 and Table 2). The various open load and open feedback conditions is shown in
Figure 16.

If there’s an overtemperature condition, the integrated thermal shutdown function turns off the gate drivers and
internal linear voltage regulator. The typical value of junction shutdown temperature is 170°C. The IC will
automatically restart after cooling down. The DIA82901 has integrated the thermal shutdown as a protection
function, which can prevent IC destruction. It is not aimed at continuous use in normal operation (See Figure 18).
To calculate the proper overvoltage protection resistor values (See Figure 19).
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undervolatge Protection & Diagnostic circuit
INPUT DIA82901 OUTPUT
Figure 15. Protection and diagnostic function block diagram
Table 2. Diagnosis truth table(”
Input Output

Condition Level DRV PWMO vCC

False SW High or SW Active
Overvoltage at output

True Low Low Active
False SwW High or SW Active

Open load
True Low Low Active
False SW High or SW Active

Short to GND at LED chain
True Low Low Active
False SW High or SW Active
Open feedback
True Low Low Active
False SwW High or SW Active
Overtemperature
True Low Low Shutdown
False SW High or SW Active
Undervoltage at input
True Low Low Shutdown
False Sw High or SW Active
FBH/FBL OVP

True Low Low Active

Note:

(1) SW = Switching; False = Condition does NOT exist; True = Condition does exist
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Figure 19. Overvoltage protection description

Short to GND protection for high-side return applications (B2B) from Figure 30 and Figure 31.

The FBH and FBL pins features a short to GND detection threshold (VrsLrer_s2c). When the potential on these
pins falls below this threshold, the device stops its operation. It will force the PWMO signal to change to inactive
state (“low” potential) and the corresponding p-channel (Tomz) is switched off accordingly and protects the LED
chain. For the B2B application some external components are needed to ensure a “low” potential during a short
circuit event. D1 and D, are low power diodes and the resistor Rprot (10 kQ) is required to limit the current
through this path. The diode D3 should be a high power diode and is required to protect the RFB, FBH and FBL
pins when an short circuit to GND event occurs. This short circuit detection and protection concept considers
potential faults for LED chains (LED modules) which are separated from the ECU through two wires (at the
beginning and the end of the LED chain). If the short circuit condition disappears, the device will restart with a
soft start.
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8.7. Analog dimming

By generating an internal current based on its voltage (Vset), the SET pin influences the feedback voltage error
amplifier. If there’s no need for the analog dimming feature, this pin must be tied to VCC or external voltage
supply higher than 1.6 V. Find more details of different application scenarios below(See Figure 23). This pin can
also go outside of the ECU for instance if a thermistor is connected on a separated LED module and the analog
dimming input is used to thermally protect the LEDs. It's necessary to place an external series resistor to limit the
current for reverse battery protection of this pin.

8.7.1. Analog dimming purpose

For LED manufacturers, it is difficult to deliver LEDs which have the same brightness, colorpoint and forward
voltage class. Due to this relatively wide spread of the crucial LED parameters automotive customers order
LEDs from one or maximum two different colorpoint classes. The LEDs must be preselected by the the LED
manufacturer to deliver the requested colorpoint class. These preselected LEDs are matched in terms of the
colorpoint but a variation of the brightness remains. An analog dimming feature is needed to correct the
brightness deviation. This means LED current can be adjusted by applying an external voltage Vset at the SET
pin.

If the DC/DC application is separated from the LED loads the ECU manufacturers aim is to develop one
hardware which should be able to handle various load current conditions (for example, from 80 mA to 400 mA) to
cover different applications. The analog dimming is critical to achieve this average LED current adjustment.

8.7.2. Application example

The desired LED current is 400 mA. For the calculation of the correct feedback resistor Rrs the following
equation can be used: This equation is valid if the analog dimming feature is disabled and Vser > 1.6 V.

VRer R VRer _ 0.3V
Rrs ILeo ~ 400 mA

ILep =

=750 mQ @)
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Related electrical parameter is ensured with Vser = 5 V. By controlling Vser between 0.1 V and 1.6 V, a decrease
of the average LED current can be achieved. The mathematical relation can be calculated by the following

equation:

Vser-0.1V

ILeD =
5xRFB

Refer to the concept drawing in Figure 22.

If Vser < 50 mV, the switching activity is stopped and l.ep = 0 A

VFBH—FBL
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300 bP————— e o
I |
| |
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|
|
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| enabled : disabled
0 no p -
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Figure 21. Basic relationship between Vrer and Vser voltage
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Figure 22. Concept drawing analog dimming
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8.7.3. Multi-purpose usage of the analog dimming feature

® A uC integrated digital analog converter (DAC) output or a stand alone DAC can be used to supply the SET
pin of the DIA82901. If the current consumption is lower than 20 mA, the integrated voltage regulator, Vcc,
can be used to supply the uC or external components.

® The analog dimming feature is directly connected to Vin. In this configuration the LED current is reduced if
VN is decreased. If Vin drops to a lower potential, the DC/DC boost converter increases the duty cycle of
DRVI. This leads to an increase of the input current consumption. If applications require a decrease of the
LED current in respect to Vy variations, then choose this setup.

® For systems without uC on board, it's a choice to use an external resistor divider connected between VCC
(integrated 5 V regulator output and gate buffer pin) SET and GND. The concept allows to control the LED
current via placing cheap low power resistors. In addition, a temperature sensitive resistor (thermistor) to
protect the LED loads from thermal destruction can be connected.

® When there’s no need for the analog dimming feature, the SET pin must be connected directly to higher
than 1.6 V potential (for example, VCC potential)

® Instead of an DAC, the uC can give a PWM signal and an external R-C filter produces a constant voltage for
the analog dimming. After reading the coding resistor placed at the LED module, the voltage level depends
on the PWM frequency (frwm) and duty cycle (DC) which can be controlled by the uC software.

e ——————————————————————————————
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Figure 23. Analog dimming in various applications
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9. Application Information

Important notice: Validation and testing are the most reliable ways to confirm system functionality.
The application information is not part of the specification and is for reference purposes only.

POS/nDRL is the signal that indicates which function is activated (position light or daytime running light).
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Figure 24. Boost to ground using embedded PWM engine application circuit - B2G (Boost configuration)
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Figure 25. Boost to ground using digital dimming application circuit - B2G (Boost configuration)

e ——————————————————————————————
www.dioo.com 25 © 2024 DIOO MICROCIRCUITS CO., LTD.



DIA82901
Version 1.1, Jul 2024

Vin=8Vto34V L1 Csepic Dso
Y'Y 0 Bl T
LBZ CBOI
1 VIN DRV Tow 2 B
Cun [Crram[— FPWM FAULT  CS
I I Rom 2 ez
< R = = = <
VCC  Rum= Dy A = = Res o
Bt O EN/PWMI = 1
- T Rg \Ve! ovPOr
oL =
1 Reem DIA82901 L A
POS/nDRL = :ﬂ_TPWMI ) SET -
]
= Rsem: 1 *Number of LEDs
= = FBH H indg?enedre%t ofvi °
i BUCK-BOOST configuration
COMP FBL iy
CCOMP
Reowr %RFREQ FREQISYNC  vcC > %
ia hd :I_-_ vee
- - GND pwMmoO | Tom1
O
] DrauLt FAULT
RFAULT% I Craut -

Figure 26. SEPIC using embedded PWM engine application circuit (Buck-Boost configuration)

Vin=8Vto34V L1 Csepic Deo
’ il gl
J Le2 CBO%
VIN DRV Tow L -
Cun [Crewn[—Y FPWM FAULT  CS
- <4 Rrs =
:I=: = Res Rovi = =
Digital PWWM
9 O ENPWMI =
VCC ovP ©
Ron 2 i
o =
Reen DIA82901 z .
) SET
R -
SET2 H )
£ Fer ) |
! BUCK-BOOST configuration
COMP FBL Ay
Ceomp T VCC  Rog DpoL ]
Reow | Reeq—0 FREQISYNC  vee O—+ W—pt e
ICvcc
= = G,l'\l\D PWMO . | Toim
Draut FAULT
RFAULT% I CrauLt N

Figure 27. SEPIC using digital dimming application circuit (Buck-Boost configuration)
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Figure 28. Flyback using embedded PWM engine application circuit (Buck-Boost configuration)
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Figure 29. Flyback using digital dimming application circuit (Buck-Boost configuration)
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Figure 30. Boost to battery using embedded PWM engine application circuit - B2B (Buck-Boost configuration)
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Figure 31. Boost to battery using digital dimming application circuit - B2B (Buck-Boost configuration)
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Figure 33. Buck using digital dimming application circuit

www.dioo.com

29

© 2024 DIOO MICROCIRCUITS CO., LTD.



DIA82901
Version 1.1, Jul 2024

Vy=8Vi034V Leo Deo Tom
2228" Bl
L I
J CBOI d i
= R 2 o = Rowo
VIN = Rees r
- FPWM/FAULT  CS
W= = 0 0 Geeeesees
= Rovi s Romi= I
Enable = E: = d
> EN/PWMI = 2 R =
OVP O—
DIA82901 Row 4
vee ¢ b =
SET = = Ress
FBH J ,] =
COMP FBL €
Ceomp2 vee Rror  Deor
FREQ/SYNC  vCC
1 ]_:Cvcc
= = |
GND PWNO Jlq Tomn
—
L FAULT
L 1
Figure 34. Boost voltage application circuit
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Figure 36. Flyback voltage application circuit
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10.Physical Dimensions: EP-TSSOP14

THAHAH J

HEAT SLUG

DI
é ]
NDEX ©1.00+0.10, 0.20MAX DEPTH

L LLE: S

E2-
L.
T

e~ [$]0.10]
Common Dimensions
(Units of measure = Millimeters)
Symbol Min Nom Max
A - - 1.20
A1 0.05 - 0.15
A2 0.90 1.00 1.05
A3 0.32 0.42 0.52
b 0.20 - 0.29
b1 0.19 0.22 0.25
c 0.15 - 0.20
ct 0.14 0.15 0.16
D 4.90 5.00 5.10
D1 2.65 2.75 2.85
E 6.20 6.40 6.60
E1 4.30 4.40 4.50
BASE METAL b E2 1.60 1.70 1.80
N \\b' e 0.55 0.65 0.75
WITH PLATING )J_ \\//\ L 0.45 0.60 0.75
\\f N / N L1 1.00 REF
SNNNNNR L2 0.25 BSC
SECTION B—B R 0.09 - -
R1 0.09 - -
S 0.20 - -
o1 0° - 8°
82 10° 12° 14°
83 10° 12° 14°
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Disclaimer

This specification and information contained herein are provided on an “AS IS” basis and
WITH ALL FAULTS. All product specifications, statements, information, and data (collectively,
the “Information”) in this datasheet or made available on the website of www.dioo.com are
subject to change without notice. The customer is responsible for checking and verifying the
extent to which the Information contained in this publication is applicable to his/her application.
All Information given herein is believed to be accurate and reliable, but it is presented without
guarantee, warranty, or responsibility of any kind, express or implied.
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