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MAQ3203

Features

• AEC-Q100 Qualified

• 4.5V to 42V Input Voltage Range

• High Efficiency (>90%)

• ±5% LED Current Accuracy

• Dither Enabled for Low EMI

• High-Side Current Sense

• Dedicated Dimming Control Input

• Hysteretic Control (No Compensation)

• Up to 1.5 MHz Switching Frequency

• Adjustable Constant LED Current

• Overtemperature Protection

• –40°C to +125°C Junction Temperature Range

Applications

• Automotive Lighting

• Industrial Lighting

General Description

The MAQ3203 is a hysteretic, step-down,
constant-current, high-brightness LED (HB LED)
driver. It provides an ideal solution for interior/exterior
lighting, architectural and ambient lighting, LED bulbs,
and other general illumination applications.

The MAQ3203 is well suited for lighting applications
that require a wide input voltage range. The hysteretic
control gives good supply rejection and fast response
during load transients and PWM dimming. The
high-side current sensing and on-chip current-sense
comparator delivers LED current with ±5% accuracy.
An external high-side current-sense resistor is used to
set the output current.

The MAQ3203 offers a dedicated PWM input (DIM)
that enables a wide range of pulsed dimming. A
high-frequency switching operation up to 1.5 MHz
allows the use of smaller external components
minimizing space and cost. The MAQ3203 offers
frequency dither feature for EMI control.

The MAQ3203 operates over a junction temperature
from –40°C to +125°C and is available in an 8-pin SOIC
package. The MAQ3203 is AEC-Q100 qualified for
automotive applications.

Package Type

MAQ3203
8-Lead SOIC (M)

(Top View)
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Typical Application Circuit

Functional Block Diagram
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1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings †

VIN to PGND .............................................................................................................................................. –0.3V to +45V
VCC to PGND ............................................................................................................................................ –0.3V to +6.0V
CS to PGND.....................................................................................................................................–0.3V to (VIN + 0.3V)
EN to AGND.....................................................................................................................................–0.3V to (VIN + 0.3V)
DIM to AGND ...................................................................................................................................–0.3V to (VIN + 0.3V)
DRV to PGND ................................................................................................................................ –0.3V to (VCC + 0.3V)
PGND to AGND ........................................................................................................................................ –0.3V to +0.3V
ESD Rating (Note 1) ..................................................................................................................................... 1.5 kV, HBM
ESD Rating (Note 1) ......................................................................................................................................... 200V, MM

Operating Ratings ††

Supply Voltage (VIN) .................................................................................................................................. +4.5V to +42V
Enable Input Voltage (VEN) .................................................................................................................................0V to VIN
Dimming Input Voltage (VDIM).............................................................................................................................0V to VIN

† Notice: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at those or any other conditions above those indicated
in the operational sections of this specification is not intended. Exposure to maximum rating conditions for extended
periods may affect device reliability.

†† Notice: The device is not guaranteed to function outside its operating ratings.

Note 1: Devices are ESD sensitive. Handling precautions are recommended. Human body model, 1.5 kΩ in series
with 100 pF.

ELECTRICAL CHARACTERISTICS

Electrical Characteristics: VIN = VEN = VDIM = 12V; CVCC = 1.0 µF; TJ = +25°C, bold values indicate 
–40°C ≤ TJ ≤ +125°C unless noted. Note 1

Parameter Sym. Min. Typ. Max. Units Conditions

Input Supply

Input Voltage Range VIN 4.5 — 42 V —

Supply Current IS — 1 3 mA DRV = open

Shutdown Current ISD — — 1 µA VEN = 0V

VIN UVLO Threshold UVLO 3.2 4 4.5 V VIN rising

VIN UVLO Hysteresis UVLOHYS — 500 — mV —

VCC Supply

VCC Output Voltage VCC 4.5 5 5.5 V VIN = 12V, ICC = 10 mA

Current Limit

Current Sense Upper 
Threshold

VCS(MAX)

201.4 212 222.6
mV VCS(MAX) = VIN – VCS

199 212 225

Sense Voltage Threshold Low VCS(MIN)

168 177 186
mV VCS(MIN) = VIN – VCS

165 177 189

VCS Hysteresis VCSHYS — 35 — mV —

Note 1: Specification for packaged product only.

2: Guaranteed by design.
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Current Sense Response Time tRES(CS)

— 50 —
ns

VCS rising

— 70 — VCS falling

CS Input Current IIN(CS) — 0.5 10 µA VIN – VCS = 220 mV

Frequency

Switching Frequency fSW — — 1.5 MHz —

Dithering 

VCS Hysteresis Dithering 
Range (Note 2)

VDITH — ±6 — mV —

Frequency Dithering Range 
(Note 2)

fDITHER — ±12 — % Percent of Switching Frequency

Enable Input

EN Logic Level High VENH 2.2 — — V —

EN Logic Level Low VENL — — 0.4 V —

EN Bias Current IEN

— — 60
µA

VEN = 12V

— — 1 VEN = 0V

Start-Up Time tSTART — 30 — µs
From EN pin going high to DRV 
going high

Dimming Input

DIM Logic Level High VDIMH 2.0 — — V —

DIM Logic Level Low VDIML — — 0.4 V —

DIM Bias Current IDIM

— 20 50
µA

—

— — 1 VDIM = 0V

DIM Delay Time tDLY — 450 — ns
From DIM pin going high to DRV 
going high

Maximum Dimming Frequency fDIM — — 20 kHz —

External FET Driver

DRV On-Resistance
RDRV(UP) — 2 —

Ω
Pull-Up, ISOURCE = 10 mA

RDRV(DN) — 1.5 — Pull-Down, ISINK = –10 mA

DRV Transition Time
tR — 13 —

ns
Rise Time, CLOAD = 1000 pF

tF — 7 — Fall Time, CLOAD = 1000 pF

Thermal Protection

Overtemperature Shutdown 
Threshold

TLIM — 160 — °C TJ rising

Overtemperature Shutdown 
Hysteresis

TLIMHYS — 20 — °C —

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Characteristics: VIN = VEN = VDIM = 12V; CVCC = 1.0 µF; TJ = +25°C, bold values indicate 
–40°C ≤ TJ ≤ +125°C unless noted. Note 1

Parameter Sym. Min. Typ. Max. Units Conditions

Note 1: Specification for packaged product only.

2: Guaranteed by design.
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TEMPERATURE SPECIFICATIONS 

Parameters Sym. Min. Typ. Max. Units Conditions

Temperature Ranges

Operating Junction Temperature 
Range

TJ –40 — +125 °C Note 1

Maximum Junction Temperature TJ(MAX) — — +150 °C —

Storage Temperature Range TS –60 — +150 °C —

Lead Temperature TLEAD — — +260 °C Soldering, 10 sec.

Package Thermal Resistance

Thermal Resistance, SOIC 8-Ld θJA — 98.9 — °C/W —

Thermal Resistance, SOIC 8-Ld θJC — 48.8 — °C/W —

Note 1: The maximum allowable power dissipation is a function of ambient temperature, the maximum allowable 
junction temperature and the thermal resistance from junction to air (i.e., TA, TJ, JA). Exceeding the 
maximum allowable power dissipation will cause the device operating junction temperature to exceed the 
maximum +125°C rating. Sustained junction temperatures above +125°C can impact the device reliability.
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2.0 TYPICAL PERFORMANCE CURVES

FIGURE 2-1: Efficiency vs. Input Voltage 
(L = 150 µH, ILED = 1A).

FIGURE 2-2: Efficiency vs. Input Voltage 
(L = 68 µH, ILED = 1A).

FIGURE 2-3: Normalized LED Currents 
vs. Input Voltage (L = 150 µH, ILED = 1A).

FIGURE 2-4: Normalized LED Currents 
vs. Input Voltage (L = 68 µH, ILED = 1A).

FIGURE 2-5: Frequency vs. Input Voltage 
(L = 150 µH, ILED = 1A).

FIGURE 2-6: Frequency vs. Input Voltage 
(L = 68 µH, ILED = 1A).

Note: The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.
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FIGURE 2-7: Duty Cycle vs. Input Voltage 
(L = 150 µH, ILED = 1A).

FIGURE 2-8: Duty Cycle vs. Input Voltage 
(L = 68 µH, ILED = 1A).

FIGURE 2-9: Supply Current vs. Input 
Voltage.

FIGURE 2-10: VCC vs. Input Voltage.

FIGURE 2-11: Enable Threshold vs. Input 
Voltage.

FIGURE 2-12: Current-Sense Threshold 
vs. Input Voltage.
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FIGURE 2-13: Shutdown Current vs. Input 
Voltage.

FIGURE 2-14: Enable Current vs. Enable 
Voltage.

FIGURE 2-15: ICC Limit vs. Input Voltage.

FIGURE 2-16: Supply Current vs. 
Temperature.

FIGURE 2-17: VCC vs. Temperature.

FIGURE 2-18: Enable Threshold vs. 
Temperature.
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FIGURE 2-19: VIN Shutdown Current vs. 
Temperature.

FIGURE 2-20: Enable Current vs. 
Temperature.

FIGURE 2-21: Current-Sense Threshold 
vs. Temperature.

FIGURE 2-22: Switching Frequency vs. 
Temperature.

FIGURE 2-23: UVLO Threshold vs. 
Temperature.

FIGURE 2-24: Thermal Shutdown 
Threshold vs. Input Voltage.
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FIGURE 2-25: Steady-State Operation at 
VIN = 4.5V.

FIGURE 2-26: Steady-State Operation at 
VIN = 12V.

FIGURE 2-27: Steady-State Operation at 
VIN = 24V.

FIGURE 2-28: Steady-State Operation at 
VIN = 42V.

FIGURE 2-29: PWM Dimming at 20 kHz 
(VIN = 12V, 10% Duty Cycle).

FIGURE 2-30: PWM Dimming at 20 kHz 
(VIN = 12V, 90% Duty Cycle).
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FIGURE 2-31: PWM Dimming at 20 kHz 
(VIN = 24V, 10% Duty Cycle).

FIGURE 2-32: PWM Dimming at 20 kHz 
(VIN = 24V, 90% Duty Cycle).
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3.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLE

Pin Number Pin Name Description

1 VCC

Voltage Regulator Output. The VCC pin supplies the power to the internal circuitry. The 
VCC in the output of a linear regulator which is powered from VIN. A 1 µF ceramic 
capacitor is recommended for bypassing and should be placed as close as possible to 
the VCC and AGND pins. Do not connect to an external load.

2 CS
Current-Sense Input. The CS pin provides the high-side current sense to set the LED 
current with an external sense resistor.

3 VIN

Input Power Supply. VIN is the input supply pin to the internal circuitry and the positive 
input to the current sense comparator. Due to the high frequency switching noise, a 
10 µF ceramic capacitor is recommended to be placed as close as possible to VIN and 
the power ground (PGND) pins for bypassing. Please refer to layout recommenda-
tions.

4 AGND Ground pin for analog circuitry. Internal signal ground for all low power sections.

5 EN

Enable Input. The EN pin provides a logic level control of the output and the voltage 
has to be 2.2V or higher to enable the current regulator. The output stage is gated by 
the DIM pin. When the EN pin is pulled low, the regulator goes to off state and the sup-
ply current of the device is greatly reduced (below 1 µA). In the off state, during this 
period the output drive is placed in a "tri-stated" condition, where MOSFET is in an “off” 
or non-conducting state. Do not drive the EN pin above the supply voltage.

6 DIM

PWM Dimming Input. The DIM pin provides the control for brightness of the LED. A 
PWM input can be used to control the brightness of LED. DIM high enables the output 
and its voltage has to be at least 2.0V or higher. DIM low disables the output, regard-
less of EN “high” state.

7 PGND

Power Ground Pin for Power FET. Power Ground (PGND) is for the high-current 
switching with hysteretic mode. The current loop for the power ground should be as 
small as possible and separate from the Analog ground (AGND) loop. Refer to the lay-
out considerations for more details.

8 DRV

Gate-Drive Output. Connect to the gate of an external N-channel MOSFET. The drain 
of the external MOSFET connects directly to the inductor and provides the switching 
current necessary to operate in hysteretic mode. Due to the high frequency switching 
and high voltage associated with this pin, the switch node should be routed away from 
sensitive nodes.
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4.0 FUNCTIONAL DESCRIPTION

The MAQ3203 is a hysteretic step-down driver that
regulates the LED current over a wide input voltage
range. 

The device operates from a 4.5V to 42V input supply
voltage range and provides up to 0.5A source and 1A
sink drive capability. When the input voltage reaches
4.5V, the internal 5V VCC is regulated and the DRV pin
is pulled high to turn on an external MOSFET if the EN
pin and DIM pin are high. The inductor current builds up
linearly. When the CS pin voltage hits the VCS(MAX) with
respect to VIN, the MOSFET turns off and the Schottky
diode takes over and returns the current to VIN. Then
the current, through inductor and LEDs, starts
decreasing linearly. When the CS pin voltage, with
respect to VIN pin voltage, hits VCS(MIN), the MOSFET
turns on and the cycle repeats.

The frequency of operation depends upon input
voltage, total LEDs voltage drop, LED current, and
temperature. The calculation for frequency of operation
is given in the Application Information section.

The MAQ3203 has an on board 5V regulator that is for
internal use only. Connect a 1 µF capacitor on the VCC
pin to analog ground.

The MAQ3203 has an EN pin that gives the flexibility to
enable and disable the IC device with logic high and
low signals.

The MAQ3203 also has a DIM pin that can turn on and
off the LEDs if EN is in “high” state. This DIM pin
controls the brightness of the LED by varying the duty
cycle of the DIM signal from 1% to 99%.
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5.0 APPLICATION INFORMATION

The internal Functional Block Diagram of the MAQ3203
is shown on Page 2. The MAQ3203 is composed of a
current-sense comparator, voltage and current
reference, 5V regulator, and MOSFET driver.
Hysteretic mode control is a topology that does not
employ an error amplifier, it uses an error comparator
instead. 

The inductor current is controlled within a hysteretic
window. If the inductor current is too small, the power
MOSFET is turned on; if the inductor current is large
enough, the power MOSFET is turned off. It is a simple
control scheme with no oscillator and no loop
compensation. Because the control scheme does not
need loop compensation, it makes a design easy and
avoids problems of instability. 

Transient response to load and line variation is very
fast and only depends on propagation delay. This
makes the control scheme very popular for certain
applications.

5.1 LED Current and RCS

The main feature in MAQ3203 is to control the LED
current accurately within ±5% of a set current.
Choosing a high-side RCS resistor helps with setting
constant LED current regardless of a wide input voltage
range. The following equation gives the RCS value:

EQUATION 5-1:

For VCS(MAX) and VCS(MIN), refer to the Electrical
Characteristics table.

5.2 Frequency of Operation

To calculate the frequency spread across input supply:

EQUATION 5-2:

L is the inductance, ∆IL is fixed (the value of the
hysteresis):

EQUATION 5-3:

VL is the voltage across inductor L, which varies by
supply. 

For current rising (MOSFET is ON):

EQUATION 5-4:

For current falling (MOSFET is OFF):

EQUATION 5-5:
TABLE 5-1: RCS FOR LED CURRENT

RCS ILED I2R Size (SMD)

1.33Ω 0.15A 0.03W 0603

0.56Ω 0.35A 0.07W 0805

0.4Ω 0.5A 0.1W 0805

0.28Ω 0.7A 0.137W 1206

0.2Ω 1.0A 0.2W 1206

0.13Ω 1.5A 0.3W 1206

0.1Ω 2.0A 0.4W 1210

0.08Ω 2.5A 0.5W 2010

0.068Ω 3.0A 0.6W 2010

RCS
1
2
---

VCS MAX  VCS MIN +

ILED
----------------------------------------------------- 
 =

VL L
IL
t

--------=

IL
VCS MAX  VCS MIN –

RCS
-----------------------------------------------------=

tRISE L
IL

VL_RISE
-------------------=

Where:
VL_RISE = VIN – ILED x RCS – VLED

tFALL L
IL

VL_FALL
--------------------=

Where:
VL_FALL = VD + ILED x RCS + VLED
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EQUATION 5-6:

5.3 Inductor

According to the above equation, choose the inductor
to make the operating frequency no higher than
1.5 MHz. The following tables give a reference inductor
value and corresponding frequency for a given LED
current. For space-sensitive applications, a smaller
inductor value with higher switching frequency can be
used, but the efficiency of the regulator will be reduced.

Given an inductor value, the size of the inductor can be
determined by its RMS and peak current rating.

EQUATION 5-7:

Select an inductor with saturation current rating at least
30% higher than the peak current.

T tRISE tFALL+=

fSW
1
T
---=

fSW
VD ILED+ RCS VLED+  VIN ILED– RCS VLED– 

L IL VD VIN+ 
-------------------------------------------------------------------------------------------------------------------------------------------=

Where:
VD = Schottky diode forward drop.
VLED = Total LEDs voltage drop.
VIN = Input voltage.
ILED = Average LED current.

TABLE 5-2: INDUCTOR FOR VIN = 12V, 
1 LED

RCS ILED L fSW

1.33Ω 0.15A 220 µH 474 kHz

0.56Ω 0.35A 100 µH 439 kHz

0.4Ω 0.5A 68 µH 461 kHz

0.28Ω 0.7A 47 µH 467 kHz

0.2Ω 1.0A 33 µH 475 kHz

0.13Ω 1.5A 22 µH 463 kHz

0.1Ω 2.0A 15 µH 522 kHz

0.08Ω 2.5A 12 µH 522 kHz

0.068Ω 3.0A 10 µH 533 kHz

TABLE 5-3: INDUCTOR FOR VIN = 24V, 
4LEDS

RCS ILED L fSW

1.33Ω 0.15A 470 µH 474 kHz

0.56Ω 0.35A 220 µH 426 kHz

0.4Ω 0.5A 150 µH 447 kHz

0.28Ω 0.7A 100 µH 470 kHz

0.2Ω 1.0A 68 µH 493 kHz

0.13Ω 1.5A 47 µH 463 kHz

0.1Ω 2.0A 33 µH 507 kHz

0.08Ω 2.5A 27 µH 496 kHz

0.068Ω 3.0A 22 µH 517 kHz

TABLE 5-4: INDUCTOR FOR VIN = 36V
8 LEDS

RCS ILED L fSW

1.33Ω 0.15A 470 µH 495 kHz

0.56Ω 0.35A 220 µH 446 kHz

0.4Ω 0.5A 150 µH 467 kHz

0.28Ω 0.7A 100 µH 490 kHz

0.2Ω 1.0A 68 µH 515 kHz

0.13Ω 1.5A 47 µH 485 kHz

0.1Ω 2.0A 33 µH 530 kHz

0.08Ω 2.5A 27 µH 519 kHz

0.068Ω 3.0A 22 µH 541 kHz

IL
IL

-------- 2
VCS MAX  VCS MIN –

VCS MAX  VCS MIN +
----------------------------------------------------- 0.18= =

IL RMS  IL
2 1

12
------+ IL

2= IL

IL PK  IL
1
2
--- IL+ 1.09IL= =

Where:
IL = Average inductor current.
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5.4 MOSFET

MOSFET selection depends upon the maximum input
voltage, output LED current, and switching frequency.

The selected MOSFET should have a 30% margin on
the maximum voltage rating for high reliability
requirements. 

The MOSFET channel resistance RDS(ON) is selected
such that it helps to get the required efficiency at the
required LED currents as well as meets the cost
requirement.

Logic level MOSFETs are preferred because the drive
voltage is limited to 5V.

The MOSFET power loss has to be calculated for
proper operation. The power loss consists of
conduction loss and switching loss. The conduction
loss can be found by:

EQUATION 5-8:

The switching loss occurs during the MOSFET turn-on
and turn-off transition and can be found by:

EQUATION 5-9:

The total power loss is:

EQUATION 5-10:

The MOSFET junction temperature is given by:

EQUATION 5-11:

The TJ must not exceed maximum junction
temperature under any conditions.

5.5 Snubber

An RC voltage snubber is used to damp out
high-frequency ringing on the switch node caused by
parasitic inductance and capacitance. The snubber
capacitor is used to slow down the switch node rise and
fall time and the snubber resistor damps the ringing.
Excessive ringing can cause the MAQ3203 to operate
erratically by prematurely tripping its current limit
comparator circuitry.

The snubber is connected across the Schottky diode as
shown in the evaluation board schematic. Snubber
capacitor CS (C4) is used to block the DC voltage
across the snubber resistor (RS), minimizing the power
dissipation in the resistor. This capacitor value should
be between two to five times the sum of parasitic
capacitance of the MOSFET COSS and the Schottky
diode junction capacitance CJ. A capacitor that is too
small will have high impedance and prevent the resistor
from damping the ringing. A capacitor that is too large
causes unnecessary power dissipation in the resistor,
which lowers efficiency. 

The snubber components should be placed as close as
possible to the Schottky diode and the switching node.
Placing the snubber too far from the diode or using an
etch that is too long or too thin adds inductance to the
snubber and diminishes its effectiveness.

Proper snubber design requires the parasitic
inductance and capacitance be known. A method of
determining these values and calculating the damping
resistor value is outlined below:

1. Measure the ringing frequency at the switch
node, which is determined by parasitic LP and
CP. Define this frequency as f1.

PLOSS CON  IFET RMS 
2
RDS ON =

IFET RMS  ILED D=

D
VLED(TOT)

VIN
-------------------------=

PLOSS TRAN 
VIN ILED fSW

IDRV
----------------------------------------- Qgs2 Qgd+ =

IDRV
VDRV
RGATE
----------------=

Where:
VDRV = Gate driver output voltage.
RGATE = Total MOSFET gate resistance and gate
driver resistance. 
Qgs2 = Gate-to-source charge of MOSFET.
Qgd = Gate-to-drain charge of MOSFET.
(Both Qgs2 and Qgd can be found in a MOSFET
manufacturer’s data sheet.)

PLOSS TOT  PLOSS CON  PLOSS TRAN +=

TJ PLOSS TOT  JA TA+=
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2. Add a capacitor CS (normally at least 3 times as
big as the CJ of the Schottky diode) across the
diode and measure the new ringing frequency.
Define this new (lower) frequency as f2. LP and
CP can now be solved using the values of f1, f2,
and CS.

3. Add a resistor RS in series with CS to generate
critical damping. If the snubber resistance is
equal to the characteristic impedance of the res-
onant circuit, the resonant circuit will be critically
damped and have no ringing.

Step 1: First measure the ringing frequency on the
switch node voltage when the low-side MOSFET turns
off. This ringing is characterized by the equation:

EQUATION 5-12:

Step 2: Add a capacitor, CS, in parallel with the
Schottky diode. The capacitor value should be
approximately 3 times the CJ of the Schottky diode.
Measure the frequency of the switch node ringing, f2.

EQUATION 5-13:

Define f’ as:

EQUATION 5-14:

Combining the equations for f1, f2 and f’ to derive CP,
the parasitic capacitance:

EQUATION 5-15:

Combining the equations for f1, f2, and f’ to derive CP,
the parasitic capacitance:

EQUATION 5-16:

Step 3: Calculate the damping resistor. Critical
damping occurs at Q = 1:

EQUATION 5-17:

Solving for RS:

EQUATION 5-18:

The snubber capacitor, CS, is charged and discharged
each switching cycle. The energy stored in CS is
dissipated by the snubber resistor, RS, two times per
switching period. This power is calculated in the
equation below:

EQUATION 5-19:

f1
1

2 LP CP
-------------------------------=

Where:
CP and LP = The parasitic capacitance and 
                     inductance.

f2
1

2 LP CS CP+ 
------------------------------------------------=

f 
f1
f2
----=

CP
CS

f 2 1–
----------------=

LP
1

2 2 CP f1
2

----------------------------------------=

Q RS
CS CP+

LP
-------------------- 1= =

RS
LP

CS CP+
--------------------=

PSNUBBER fSW CS VIN
2=

Where:
fSW = The switching frequency of the LED driver.
VIN = The DC input voltage.
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An alternate method to reduce the switch node ringing
is to place a 2.2Ω resistor in series with the N-channel
MOSFETs gate pin. This will slow down both the rising
and falling edge of the switch node waveform.

5.6 Freewheeling Diode

The diode provides a conduction path for the inductor
current during the switch off time. The reverse voltage
rating of the diode should be at least 1.2 times the
maximum input voltage. A Schottky diode is
recommended for highest efficiency.

The Schottky diode can be the major source of power
loss, especially at the maximum input voltage. The
current through the diode is equal to the LED current
with a duty cycle of (VIN – VLED)/VIN. 

The diode dissipation is given by:

EQUATION 5-20:

Vf is the forward voltage of the diode at ILED. A Schottky
diode forward voltage is typically 0.6V at its full rated
current. It is normal design practice to use a diode rated
at 1.5 to 2 times output LED current to maintain
efficiency. This derating allows Vf to drop to
approximately 0.5V. When calculating the “worst case”
power dissipation, use the maximum input voltage and
the actual diode forward voltage drop at the maximum
operating temperature; otherwise the calculated power
dissipation will be artificially high. The forward voltage
drop of a diode decrease as ambient temperature is
increased, at a rate of –1.0 mV/°C.

5.7 Input Capacitor

The ceramic input capacitor is selected by voltage
rating and ripple current rating. To determine the input
capacitor ripple current rating, the RMS value of the
input capacitor current can be found by:

EQUATION 5-21:

The input capacitor ripple current rating can be
considered as ILED/2 under the worst condition, D =
50%.

The power loss in the input capacitor is:

EQUATION 5-22:

5.8 LED Ripple Current

The LED current is the same as inductor current. If the
LED ripple current needs to be reduced, then place a
4.7 µF/50V ceramic capacitor across the LED.

5.9 Frequency Dithering

The MAQ3203 is designed to reduce EMI by dithering
the switching frequency ±12% in order to spread the
frequency spectrum over a wider range. This lowers
the EMI noise peaks (see Figure 5-1) generated by the
switching regulator. 

FIGURE 5-1: Output Voltage Frequency 
Spectrum with Dither.

Switching regulators generate noise by their nature and
they are the main EMI source to interference with
nearby circuits. If the switching frequency of a regulator
is modulated via frequency dithering, the energy of the
EMI is spread among many frequencies instead of
concentrated at fundamental switching frequency and
its harmonics. The MAQ3203 modulates the VCS(MAX)
with amplitude ±6 mV by a pseudo random generator
to generate the ±12% of the switching frequency
dithering to reduce the EMI noise peaks.

PD ILED
VIN VLED–

VIN
---------------------------- Vf=

ICIN RMS  ILED D 1 D– =

PLOSS CIN  ICIN RMS 
2
ESRCIN=
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6.0 PCB LAYOUT GUIDELINES

PCB layout is critical to achieve reliable, stable, and
efficient performance. A ground plane is required to
control EMI and minimize the inductance in power and
signal return paths. 

To minimize EMI and output noise, and to ensure
proper operation of the MAQ3203 regulator, follow
these guidelines.

6.1 IC

• Use thick traces to route the input and output 
power lines.

• Signal and power grounds should be kept 
separate and connected at only one location.

6.2 Input Capacitor

• Place the input capacitors on the same side of the 
board and as close to the IC as possible.

• Keep both the VIN and PGND traces as short as 
possible.

• Place several vias to the ground plane close to 
the input capacitor ground terminal, but not 
between the input capacitors and IC pins.

• Use either X7R or X5R dielectric ceramic input 
capacitors. Do not use Y5V or Z5U type 
capacitors.

• Do not replace the ceramic input capacitor with 
any other type of capacitor. Any type of capacitor 
can be placed in parallel with the ceramic input 
capacitor.

• If a Tantalum input capacitor is placed in parallel 
with the input capacitor, it must be recommended 
for switching regulator applications and the 
operating voltage must be derated by 50%.

• In “Hot-Plug” applications, a Tantalum or 
Electrolytic bypass capacitor must be placed in 
parallel to ceramic capacitor to limit the 
overvoltage spike seen on the input supply with 
power is suddenly applied. In this case, an 
additional Tantalum or Electrolytic bypass input 
capacitor of 22 µF or higher is required at the 
input power connection if necessary.

6.3 Inductor

• Keep the inductor connection to the switch node 
(MOSFET drain) short.

• Do not route any digital lines underneath or close 
to the inductor.

• To minimize noise, place a ground plane 
underneath the inductor.

6.4 Output Capacitor

• If LED ripple current needs to be reduced, then 
place a 4.7 µF/50V capacitor across the LED. The 
capacitor must be placed as close to the LED as 
possible.

6.5 MOSFET

• Place the MOSFET as close as possible to the 
MAQ3203 to avoid trace inductance. Provide 
sufficient copper area on the MOSFET ground to 
dissipate the heat.

6.6 Diode

• Place the Schottky diode on the same side of the 
board as the IC and input capacitor.

• The connection from the Schottky diode’s anode 
to the switching node must be as short as 
possible.

• The diode’s cathode connection to the RCS must 
be keep as short as possible.

6.7 RC Snubber

• If an RC snubber is needed, place the RC 
snubber on the same side of the board and as 
close to the Schottky diode as possible.

6.8 Current Sense Resistor (RCS)

• The VIN pin and CS pin must be as close as 
possible to RCS. Make a Kelvin connection to the 
VIN and CS pins respectively for current sensing.

6.9 Trace Routing Recommendation

• Keep the power traces as short and wide as 
possible. One current flowing loop is during the 
MOSFET ON-time, the traces connecting the 
input capacitor CIN, RCS, LEDs, inductor, the 
MOSFET, and back to CIN. The other current 
flowing loop is during the MOSFET OFF-time, the 
traces connecting RCS, LED, inductor, 
freewheeling diode, and back to RCS. These two 
loop areas should be kept as small as possible to 
minimize the noise interference,

• Keep all analog signal traces away from the 
switching node and its connecting traces.
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7.0 RIPPLE MEASUREMENTS

To properly measure ripple on either input or output of
a switching regulator, a proper ring in tip measurement
is required. Standard oscilloscope probes come with a
grounding clip or a long wire with an alligator clip.
Unfortunately, for high-frequency measurements, this
ground clip can pick-up high-frequency noise and
erroneously inject it into the measured output ripple. 

The standard evaluation board accommodates a
homemade version by providing probe points for both
the input and output supplies and their respective
grounds. This requires the removing of the oscilloscope
probe sheath and ground clip from a standard
oscilloscope probe and wrapping a non-shielded bus
wire around the oscilloscope probe. If there does not
happen to be any non-shielded bus wire immediately
available, the leads from axial resistors will work. By
maintaining the shortest possible ground lengths on the
oscilloscope probe, true ripple measurements can be
obtained.

FIGURE 7-1: Low Noise Measurement.
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8.0 PACKAGING INFORMATION

8.1 Package Marking Information

8-Lead SOIC* Example

      XXX
XXXXXX
WNNN

      MAQ
3203YM
7912

Legend: XX...X Product code or customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
WW Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code
  Pb-free JEDEC® designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (     )

can be found on the outer packaging for this package.

●, ▲, ▼ Pin one index is identified by a dot, delta up, or delta down (triangle
mark).

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information. Package may or may not include
the corporate logo.

Underbar (_) and/or Overbar (‾) symbol may not be to scale.

3e

3e
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8-Lead SOIC Package Outline and Recommended Land Pattern

  Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
 http://www.microchip.com/packaging.
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APPENDIX A: REVISION HISTORY

Revision A (September 2020)

• Converted Micrel document MAQ3203 to Micro-
chip data sheet template DS20006407A.

• Minor grammatical text changes throughout.

• Evaluation Board Schematic and BOM sections 
from original data sheet moved to the part’s Eval-
uation Board User’s Guide.
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NOTES:
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, contact your local Microchip representative or sales office.

Examples:

a) MAQ3203YM: MAQ3203, –40°C to +125°C 
Temperature Range,
8-Lead SOIC, 95/Tube

b) MAQ3203YM-TR: MAQ3203, –40°C to +125°C 
Temperature Range,
8-Lead SOIC, 2,500/Reel

c) MAQ3203YM-VAO: MAQ3203, –40°C to +125°C 
Temperature Range,
8-Lead SOIC, 100/Tube,
Automotive AEC-Q100 Qualified

d) MAQ3203YM-TRVAO: MAQ3203, –40°C to +125°C 
Temperature Range,
8-Lead SOIC, 2,500/Reel, 
Automotive AEQ-Q100 Qualified

Device:
MAQ3203: High-Brightness LED Driver Controller with 

High-Side Current Sense

Junction 
Temperature 
Range:

Y = –40°C to +125°C, RoHS-Compliant

Package: M = 8-Lead SOIC

Media Type:
<blank>= 95/Tube (Standard Part)
<blank>= 100/Tube (Automotive Part)
TR = 2,500/Reel

Qualification:
<blank>= Standard Part
VAO = Automotive AEC-Q100 Qualified

Note 1: Tape and Reel identifier only appears in the 
catalog part number description. This identifier is 
used for ordering purposes and is not printed on 
the device package. Check with your Microchip 
Sales Office for package availability with the 
Tape and Reel option.

Device X X -XX XXX

Part No. Junction 
Temp. Range

Package Media Type Qualification
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NOTES:
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