The Future of Analog IC Technology -

MPQ4433

36V, 3A, Low Quiescent Current,

Synchronous, Step-Down Converter

AEC-Q100 Qualified

DESCRIPTION

The MPQ4433 is a synchronous, step-down,
switching  regulator  with  programmable
frequency (350kHz to 2.5MHz) and integrated,
internal, high-side and low-side power
MOSFETs. The MPQ4433 provides up to 3A of
highly efficient output current with current mode
control for fast loop response.

The wide 3.3V to 36V input range
accommodates a variety of step-down
applications in automotive input environments.
The MPQ4433 is ideal for battery-powered
applications due to its extremely low quiescent
current.

The MPQ4433 employs advanced
asynchronous mode (AAM) to achieve high
efficiency in light-load condition by scaling down
the switching frequency to reduce switching and
gate driving losses.

Standard features include soft start, external
clock synchronization, enable control, and
power good indication. High-duty cycle and low
dropout mode are provided for automotive cold-
crank.

Over-current protection (OCP) with valley-
current detection is employed to prevent the
inductor current from running away. Hiccup
mode reduces the average current greatly in
short-circuit  condition. Thermal shutdown
provides reliable and fault-tolerant operation.

The MPQ4433 is available in a QFN-16
(3mmx4mm) package.

FEATURES

Wide 3.3V to 36V Operating Input Range
3A Continuous Output Current

le ALow Shutdown Mode Current

10g A Sleep Mode Quiescent Current
Internal 90mY High-Side and 40mY Low-
Side MOSFETs

350kHz to 2.5MHz Programmable Switching
Frequency

Fixed Output Options: 3.3V, 3.8V, 5V
Synchronize to External Clock, Selectable
In-Phase or 180° Out-of-Phase

Power Good Indicator

Programmable Soft-Start Time

80ns Minimum On Time

Selectable Forced CCM or AAM

Low Dropout Mode

Over-Current Protection with Valley-Current
Detection and Hiccup

Available in a QFN-16 (3mmx4mm)
Package

1 Available in Wettable Flank

1 Available in AECQ-100 Grade-1

APPLICATIONS

1 Automotive Systems
T Industrial Power Systems
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l'l'll’5 MPQ4433 - 36V, 3A, LOW IQ, SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL APPLICATION
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MPQ4433 - 36V, 3A, LOW 1Q, SYNCHRONOUS STEP-DOWN CONVERTER

ORDERING INFORMATION

MPQ4433GLE-AEC1***

Part Number* Package Top Marking
MPQ4433GL** QFN-16 (3mmx4mm) See Below
MPQ4433GL-AEC1** QFN-16 (3mmx4mm) See Below
QFN-16 (3mmx4mm) See Below

* For Tape & Reel, add suffix i Z (e.g. MPQ4433GLi 2)

*** Under qualification, wettable flank

TOP MARKING (MPQ4433GL & MPQ4433GL-AEC1)

MP: MPS prefix
Y: Year code
W: Week code

** Under qualification

MPYW
4433
LLL

4433 : First four digits of the part number

LLL: Lot number

TOP MARKING (MPQ4433GLE-AEC1)

MP: MPS prefix
Y: Year code
W: Week code

MPYW
4433
LLL
E

4433: First four digits of the part number

LLL: Lot number
E: Wettable lead flank

MPQ4433 Rev. 1.0
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l'l'll’ﬁ MPQ4433 - 36V, 3A, LOW IQ, SYNCHRONOUS STEP-DOWN CONVERTER

PACKAGE REFERENCE
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QFN-16 (3mmx4mm)

ABSOLUTE MAXIMUM RATINGS @

Supply voltage (VIN).........ccoeeeeeen. -0.3V to 40V
Switch voltage (Vsw) ........... -0.3Vto VIN + 0.3V
BST voltage (Vest) cvvveeeeeeeereeeeiinnnnnn. Vsw + 6.5V
EN voltage (VEN) ...oooovvvvveeeeeeennie -0.3V to 40V
BIAS voltage (VBias) ceeeeeeeeerveevrennnnn. -0.3V to 20V
All other pins.........ccovveeeiiiieiinn, -0.3Vto 6V

Continuous power dissipation (Ta = +25°C) 2)

QFN-16 (3MmX4mm)......cccceeeeeeeeeeiieennnnnnnn. 2.6W
Operating junction temperature................ 150°C
Lead temperature ............ccceevvvvvvvnennnnnnnns 260°C
Storage temperature.................. -65°C to 150°C

Recommended Operating Conditions
Supply voltage (VIN)........ccooeeveeenen. 3.3V to 36V
Operating junction temp. (T;) ...-40°C to +125°C

Thermal Resistance @  dja  dic
QFN-16 (3mmx4mm) ............ 48....... 11...°C/W

NOTES:

1) Absolute maximum ratings are rated under room temperature
unless otherwise noted. Exceeding these ratings may
damage the device.

2) The maximum allowable power dissipation is a function of the
maximum junction temperature T;(MAX), the junction-to-
ambi ent t her ma,landrithe amberit temperatura
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp(MAX)=(T;(MAX)-
Ta)! dja. Exceeding the maximum allowable power dissipation
produces an excessive die temperature, causing the regulator
to go into thermal shutdown. Internal thermal shutdown
circuitry protects the device from permanent damage.

3) Measured on JESD51-7, 4-layer PCB.
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MPQ4433 - 36V, 3A, LOW 1Q, SYNCHRONOUS STEP-DOWN CONVERTER

ELECTRICAL CHARACTERISTICS
VIN = 12V, Ven = 2V, T; = -40°C to +125°C, unless otherwise noted. Typical values are at T; =

+25°C.
Parameter Symbol [Condition Min | Typ | Max | Units
Vee = 0.85V, no load, no switching,
VIN quiescent current lo Ty =+425°C 10 18 HA
Vee = 0.85V, no load, no switching 10 25
VIN shutdown current IsHDN Ven = 0V 1 5 MA
X}'I,Nesﬁgﬁf:g’i‘;gage lockout INUVRisinG 24 | 28 | 32 | V
ireshold hysteregis INUVivs 150 mv
Feedback reference voltage VRer 784 | 800 | 816 mv
T;=25°C 792 | 800 | 808 mV
Rrreq = 180kq or from sync clock 400 | 475 550 kHz
Switching frequency Fsw Rrreq = 82kq or from sync clock 850 | 1000 | 1150 | kHz
Rrreq = 27kq or from sync clock 2250 | 2500 | 2750 | kHz
Minimum on time @ Ton_MIN 80 ns
Sync input low voltage VsyNc_Low 0.4 \%
Sync input high voltage VSYNC_HIGH 1.8 \
Current limit ILmIT_Hs Duty cycle = 40% 4.7 5.8 7.3 A
Low-side valley current limit lumiT_Ls Vour =3.3V,L=4.7pH 3.1 4.4 5.7 A
ZCD current Izco 0.1 A
Reverse current limit ILIMIT_REVERSE 3 A
Switch leakage current Isw_LkG 0.01 1 MA
HS switch on resistance Ron_nHs Vst - Vsw = 5V 90 155 mq
LS switch on resistance Ron_Ls 40 75 mq
Soft-start current Iss Vss = 0.8V 5 10 15 MA
EN rising threshold VEN_RISING 09 | 105 | 12 V
EN threshold hysteresis VEN_HYS 120 mV
o Vs rising 85 90 95 %
PG rising threshold (Vre/VRer) PGrising -
Ves falling 105 | 110 | 115
_ Ves falling 79 84 89 %
PG falling threshold (Vrs/Vrer) PGrFaLLING —
Ves rising 113511851235 | %
PG deglitch timer oo oeeLiren PG from low to high 30 Hs
- PG from high to low 50 us
PG output voltage low Vree_ow | lsink = 2MA 0.2 0.4 \%
VCC regulator Vce 5 \%
VCC load regulation lcc = 5mA 3 %
Thermal shutdown © Tsp 170 C
Thermal shutdown hysteresis ¢ Tsp_Hys 20 °C
NOTE:
4) Not tested in production and guaranteed by design and characterization.
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MPQ4433 - 36V, 3A, LOW IQ, SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS
VIN = 12V, Ven = 2V, T3 = -40°C to +125°C, unless otherwise noted.
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I'I'IIE MPQ4433 - 36V, 3A, LOW IQ, SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
VIN = 12V, Ven = 2V, T3 = -40°C to +125°C, unless otherwise noted.
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I'I'IIE MPQ4433 - 36V, 3A, LOW IQ, SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
VIN =12V, Vour = 3.3V, L =1 0 & Hsw = 300kHz, AAM, Ta = +25°C, unless otherwise noted.
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mps MPQ4433 - 36V, 3A, LOW IQ, SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
VIN =12V, Vour = 3.3V, L =1 0 & Hsw = 300kHz, AAM, Ta = +25°C, unless otherwise noted.
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MPQ4433 - 36V, 3A, LOW 1Q, SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
VIN =12V, Vour = 3.3V, L =1 0 & Hsw = 300kHz, AAM, Ta = +25°C, unless otherwise noted.

Efficiency vs. Load Current
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MPQ4433 - 36V, 3A, LOW IQ, SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
VIN =12V, Vour = 3.3V, L =1 0 & Hsw = 300kHz, AAM, Ta = +25°C, unless otherwise noted.
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I'I'IIE MPQ4433 - 36V, 3A, LOW IQ, SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
VIN =12V, Vour = 3.3V, L =1 0 & Hsw = 300kHz, AAM, Ta = +25°C, unless otherwise noted.
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I'I'IFE MPQ4433 - 36V, 3A, LOW I1Q, SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
VIN =12V, Vour = 3.3V, L =1 0 & Hsw = 300kHz, AAM, Ta = +25°C, unless otherwise noted.
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l'l'll’ﬁ MPQ4433 - 36V, 3A, LOW IQ, SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
VIN =12V, Vour = 3.3V, L =1 0 & Hsw = 300kHz, AAM, Ta = +25°C, unless otherwise noted.
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