DESCRIPTION

The MPQ4423C is a high-frequency,
synchronous, rectified, step-down, switch-mode
converter with integrated internal power
MOSFETSs. It offers a compact solution that can
achieve up to 6A of peak output current (lour)
across a wide 4V to 36V input voltage (Vi)
range, with excellent load and line regulation.

Synchronous mode offers high efficiency across
the entire lour load range. Peak current control
mode provides fast transient response and
improved loop stabilization.

Full protection features include over-current
protection (OCP) with hiccup mode, output
over-voltage protection (OVP), and thermal
shutdown.

The MPQ4423C requires a minimal number of
readily available, standard external
components, and is available in a QFN-16
(3mmx4mm) package.

MPQ4423C

36V, 6A, Synchronous Buck Converter with
Selectable Frequency and Frequency Spread

Spectrum, AEC-Q100 Qualified

FEATURES
e Wide 4V to 36V Operating Input Voltage
(Vin) Range

e  50mQ/30mQ Low Rbs(on) Internal Power
MOSFETs

e Up to 6A Peak Output Current (lour)

e Up to 2.2MHz Switching Frequency (fsw)

e 420kHz/2.2MHz Selectable fsw with
Frequency Spread Spectrum (FSS)

e OUT to VCC Switch over LDO for High
Efficiency

e 200kHz to 2.2MHz External SYNC Clock
Adjustable Forced Pulse-Width Modulation
(PWM) Mode or Auto-PWM/PFM Mode

¢ Passive Output Discharge

e Adjustable Output from 0.8V

e Output Over-Voltage Protection (OVP),
Over-Current Protection (OCP) with Hiccup
Mode, and Thermal Shutdown

e Available in a QFN-16 (3mmx4mm)
Package

¢ Available in a Wettable Flank Package

¢ Available in AEC-Q100 Grade 1

APPLICATIONS

¢ Automotive Infotainment Systems
e Wireless Chargers
e USB Power Delivery (PD) Applications

All MPS parts are lead-free, halogen-free, and adhere to the RoHS
directive. For MPS green status, please visit the MPS website under Quality
Assurance. “MPS”, the MPS logo, and “Simple, Easy Solutions” are
trademarks of Monolithic Power Systems, Inc. or its subsidiaries.

TYPICAL APPLICATION

Vour =5V

Efficiency vs. Load Current vs. Power
Loss

Vi = 12V Vour = 5V, FREQ = GND, fg,, = 420kHz,
forced PWM, L = 4.7pH, DCR = 13mQ
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mP5 MPQ4423C - 36V, 6A, SYNC BUCK CONVERTER WITH FSS, AEC-Q100

ORDERING INFORMATION

Part Number* Package Top Marking | MSL Rating
MPQ4423CGLE-AEC1 | QFN-16 (3mmx4mm) See below 1

* For Tape & Reel, add suffix -Z (e.g. MPQ4423CGLE-AEC1-7)

TOP MARKING

MPYW
4423
CLLL
E
MP: MPS prefix
Y: Year code
W: Week code

4423C: Part number
LLL: Lot number
E: Wettable flank package

PACKAGE REFERENCE

TOP VIEW
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mP5 MPQ4423C - 36V, 6A, SYNC BUCK CONVERTER WITH FSS, AEC-Q100

PIN FUNCTIONS

Pin # Name |Description
1, 15,16 GND Power ground.
2,11 SW Switch output. Use a wide PCB trace to connect the SW pin to the inductor.
Supply voltage. The MPQ4423C operates from a 4V to 36V input rail. Place an input
3,4 VIN capacitor (C1) as close to the IC as possible. Use a wide PCB trace to connect the VIN

pin to C1 and the input power source.

Switching frequency setting. The FREQ pin sets the switching frequency (fsw). FREQ
can support three modes with frequency spread spectrum (FSS). If FREQ is connected
to GND, then the part operates in forced pulse-width modulation (PWM) mode with a
420kHz fsw and FSS. If FREQ is floating, then the part operates in auto-PWM/pulse-
frequency modulation (PFM) mode with a 420kHz fsw and FSS. If FREQ is connected to
VCC, then the part operates in forced PWM mode with a 2.2MHz fsw and FSS.

Internal 5V LDO regulator output. Decouple the VCC pin with a 1pF decoupling
capacitor.

Feedback. To set the output voltage (Vour), connect the FB pin to the tap of an external
resistor divider connected between the output and GND. The frequency foldback
comparator decreases fsw once the FB voltage (Vrs) drops below 400mV to prevent
current limit runaway when a short occurs.

No connection. The NC pin can be tied to GND. For improved PCB layout and stability,
pin 10 can be connected to SW.

Enable/synchronous input. Pull EN/SYNC high to turn the converter on; pull EN/SYNC
9 EN/SYNC |low to turn it off. The EN/SYNC pin is pulled to ground internally via a 500kQ resistor. To
configure fsw, apply an external clock to EN/SYNC.

Bootstrap. Connect a 220nF capacitor between the SW and BST pins to form a floating
supply across the high-side MOSFET (HS-FET) driver.

Buck converter output. Connect the OUT pin to an external power supply (5V < Vour <
14 ouT 20V), or connect OUT to the VOUT trace to reduce the power dissipation and improve
efficiency. Float OUT or connect OUT to GND if not used.

5 FREQ

6 VCC

7 FB

8, 10, 13 NC

12 BST

MPQ4423C Rev. 1.0 MonolithicPower.com 3
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meSs

MPQ4423C - 36V, 6A, SYNC BUCK CONVERTER WITH FSS, AEC-Q100

ABSOLUTE MAXIMUM RATINGS @ Thermal Resistance 6;an 0Oic
Supply Voltage (Vin, Vou) ..vevee.. -0.4V to +40V QFN-16 (3mmx4mm)
VSW e -0.3V (-5V for <10ns) to EVQ4423C-L-00A ©.............. 23.4...7.1..°C/IW
Vi + 0.3V (43V for <10ns) JESD51-7 @ ..o, 48......11...°C/W
N BT ettt s Vsw + 5.5V
VEN teneeieeii et -0.3Vto +5.5vV @ Notes:
i - 1) Exceeding these ratings may damage the device.
All ot_her pins........... RIS 0.3\{) to 73)5(.75)3V %) For detalls on EN'S ABS maximum rating, see the
Continuous power dISSIpatIOFI (TA =25 C) Enable/Synchronous (EN/SYNC) Control section on page 14.
QFN-16 (3MMXAMM) ....co.vcvceeeceeeererernan 5.34W 3) The maximum allowable power dissipation is a function of the
: ° maximum junction temperature T, (MAX), the junction-to-
Junction temperature ............cceeveeeeeennnnnn. 150°C ambient thermal resistance 8,, and the ambient temperature
Lead temperature ..........cooeieiiiiis 260°C Ta. The maximum allowable continuous power dissipation at
Storage temperature............... -65°C to +150°C any ambient temperature is calculated by Po (MAX) = (T,
(MAX) - Ta) / 8;a. Exceeding the maximum allowable power
Recommended Operating Conditions © dissipation can cause excessive die temperature, and the
device may go into thermal shutdown. Internal thermal
Operation input voltage ..................... 4V to 36V zhutdown circuitry protects the device from permanent
amage.
Output voltage range ............... 0.8 to V|n X Duax 4) The human body model (HBM) is according to JEDEC
Output CUrrent..........ccovveeeviiiiie s 6A Peak specification JESD22-A114. JEDEC document JEP155 states
Operatingjunction temp (TJ). ...-40°C to +150°C that a 500V HBM allows for safe manufacturing with a
standard ESD control process. HBM is with regards to GND.
i 4) (5) 5) The charged device model (CDM) is according to JEDEC
ESD Ratlngs specification JESD22-C101, and AEC specification AEC-
Human body model (HBM) ..........ccccvvvvnnnee +2kV Q100-011. JEDEC document JEP157 states that a 250V
. CDM allows for safe manufacturing with a standard ESD
Charged device model (CDM).................. +750V control process.

6) The device is not guaranteed to function outside of its
operating conditions.

7) Measured on the EVQ4423C-L-00A evaluation board
(70mmx55mm), 4-layer PCB.

8) The value of BJA given in this table is only valid for
comparison with other packages and cannot be used for
design purposes. These values were calculated in
accordance with JESD51-7, and simulated on a specified
JEDEC board. They do not represent the performance
obtained in an actual application.

MPQ4423C Rev. 1.0 MonolithicPower.com 4

9/28/2021

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2021 MPS. All Rights Reserved.



meSs

MPQ4423C - 36V, 6A, SYNC BUCK CONVERTER WITH FSS, AEC-Q100

ELECTRICAL CHARACTERISTICS
Vin = 12V, Ven =5V, Ty = -40°C to +150°C, typical values are tested at T; = 25°C, unless otherwise

noted.
Parameter Symbol |Condition Min | Typ | Max | Units
Ven = 0V, Ty = 25°C 1
Shutdown current Isp Ven = OV, Ty = -40°C {0 +150°C 8 MA
Quiescent current lo Veg = 1V 075 | 1.1 mA
EN rising threshold VEN_RISING 115 | 14 | 1.65 V
EN falling threshold VEN_FALLING 1.05 | 1.25 | 1.45 V
lEnt Ven = 2V 4.5 6
EN Input Current lEng Ven = OV 0 0.2 MA
Thermal shutdown ©) Tsp 165 °C
Thermal hysteresis © Tsb_nvs 20 °C
VCC regulator Vce lcc = OMA 4.8 5 5.2 V
VCC load regulation Veec rec |lec = SmA 15 4 %
Step-Down Converter
Vin under-voltage lockout| Vin_uvio_
(UVLO) rising threshold RISING 3.5 3.7 3.9 v
Vin UVLO falling VIN_uvio_ 3.05 | 3.25 | 3.45 v
threshold FALLING
High-side MOSFET (HS-
FET) On Resistance Roson)_Hs 50 | 90 | mQ
Low-side MOSFET (LS-
FET) On Resistance Ros(on)_Ls 30 | 55 | mQ
Output discharge
resistance RbiscHARGE 250 | 400 Q
Feedback (FB) voltage Ves 776 | 792 | 808 | mV
FB current Irs Ves = 820mV 10 100 nA
Synchronous frequency fsyne 0.2 2.4 | MHz
- fswi Ves = 750mV, FREQ is floating 340 | 420 | 500 | kHz
Switching frequency fowz ©  |Ves = 750mV, FREQ is connected to VCC 2.2 MHzZ
FREQ is connected to GND, based on the
fss1 +10 %
Frequency spread default 420kHz fsw (fsw1)
spectrum (FSS) © FREQ is connected to VCC, based on the o
fss2 2.2MHz fsw (fsw2) +10 &
Foldback frequency froLbeack | Vrs <400mV 1/2
Maximum duty cycle Dwmax fswi = 420kHz 945 | 96 %
. Ven = 0V, Vsw = 36V, Ty = 25°C 1 PA
Switch leakage current | Isw.ike [ = 0V, Vew = 36V, T, = -40°C to +150°C 10 | pA
:;'ni—tF(S T peak current ILmIT_PEAK 7 10 A
:}ri}tFE)T valley current lLmIT_VALLEY 9 A
LS-FET negative current
limit © INEG_LS -3 A
Minimum on time © ton_MIN 60 ns
Output over-voltage
protection (OVP) rising VovP_RISING 112 | 115 | 118 %
threshold
Output OVP recovery Vove_ 105 %
RECOVERY
Soft-start time tss Output is between 10% and 90% of Vour 15 ms

Notes:

9) Guaranteed by design and engineering sample characterization.

MPQ4423C Rev. 1.0
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meSs

MPQ4423C - 36V, 6A, SYNC BUCK CONVERTER WITH FSS, AEC-Q100

TYPICAL CHARACTERISTICS
Vin = 12V, Vour = 5V, L = 4.7uH, fsw = 420kHz, forced PWM mode, Ta = 25°C, unless otherwise

noted.
Efficiency vs. Load Current
Vour = 5V, FREQ is connected to GND,
fsw = 420kHz, forced PWM mode,
L = 4.7uH, DCR = 13mQ
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LOAD CURRENT (A)
Efficiency vs. Load Current
Vour = 5V, FREQ is floating, fg,, = 420kHz,
auto-PWM/PFM mode,L = 4.7uH, DCR =
13mQ
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Load Regulation

Vour = 5V, FREQ is connected to GND,
fsw = 420kHz, forced PWM mode,

L =4.7pH, DCR = 13mQ
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Efficiency vs. Load Current
Vour = 3.3V, FREQ is connected to GND,
faw = 420kHz, forced PWM mode,

L =4.7pH, DCR = 13mQ

e\/IN=9V
e—\/IN=12V

e=\/IN=16V
e—\/IN=24V

0 1 2 3 4 5 6
LOAD CURRENT (A)

Efficiency vs. Load Current
Vour = 5V, FREQ is connected to VCC,
fsw = 2.2MHz, forced PWM mode,

L =2.2uH, DCR = 6mQ
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Line Regulation

Vour = 5V, FREQ is connected to GND,
fsw = 420kHz, forced PWM mode,

L =4.7uH, DCR = 13mQ
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MPQ4423C - 36V, 6A, SYNC BUCK CONVERTER WITH FSS, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS
FREQ is connected to VCC, fsw = 2.2MHz, forced PWM mode, L = 2.2uH, DCR = 6mQ, Ta = 25°C,

unless otherwise noted.
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Case Temperature Rise

Vour = 5V, FREQ is connected to GND,
fsw = 420kHz, forced PWM mode,
L =4.7uH, DCR = 13mQ
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Vour = 5V, FREQ is connected to VCC,
fsw = 2.2MHz, forced PWM mode,

L =2.2uH, DCR = 6mQ
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meSs

MPQ4423C - 36V, 6A, SYNC BUCK CONVERTER WITH FSS, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
FREQ is connected to VCC, fsw = 2.2MHz, forced PWM mode, L = 2.2uH, DCR = 6mQ, Ta = 25°C,

unless otherwise noted.

Conducted EMI
Vin =12V, Vour =5V, lout = 3A, L = 4.7uH, FREQ
is connected to GND, fsw = 420KHZ, forced PWM

Radiated EMI
Vin = 12V, Vour =5V, lout = 3A, L = 4.7uH, FREQ
is connected to GND, fsw = 420KHZ, forced PWM

mode mode
=% £ “
S 6 2 40
@ |
E 60 '2 375 ‘
: £
= % g 2
45 = 307
40 275 ‘
a5 25 ‘
30 225 1
20 ~f——
25 - — 175 -|
20 sl 32 [ _it: L p——
15 125
10 10
5 75 ;
0 5
5 25 ‘
-10 0
15 25 1
-20 5 T T
150 k ™ 10M 108 M 30M 50M 70M 90M 110M 130 M 150 M 170 M 200 M
Frequency in Hz Frequency in Hz
"\, AVG Limit @CE(150kHz-108MHz) CISPR25 Class5 AVG Level @Overview "\, AVG Limit @RE(30MHz-200MHz) CISPR25 Class5
PK+ Limit @CE(150kHz-108MHz) CISPR25 ClassS PK+ Level @Overview PK+ Limit @RE(30MHz-200MHz) CISPR25 Class5
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meSs

MPQ4423C - 36V, 6A, SYNC BUCK CONVERTER WITH FSS, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

FREQ is connected to VCC, fsw = 2.2MHz, forced PWM mode, L = 2.2uH, DCR = 6mQ, Ta = 25°C,
unless otherwise noted.

Steady State
FREQ is connected to GND, fsw = 420kHz,
forced PWM mode, lout = 0A

I- 0V 00V 3 100V 4 2004 2000usf  D0s g

Steady State
FREQ is connected to GND, fsw = 420kHz,
forced PWM mode, lout = 6A

= S0/ 00V 300w 4 B00A 2000w/ 00s EE]

CH2: Vin CH2: Vin
CHa: I Wl CHa: .
Steady State Steady State
FREQ is floating, fsw = 420kHz, FREQ is connected to VCC, L = 2.2uH,
auto-PWM/PFM mode, lout = 0A fsw = 2.2MHz, forced PWM mode, lout = 0A
F 100m/ 00w 3 100V 40 2008 1.000msf 00s #ik - 20m/ ooV 3 0.0V 4 1004 1.000us/ 00s e
cHzvw Rl ] CH2: Viy
CH3:Vew B | L T [ [ T [ CH3: Vew
CH4: 1. | | | | | | | | | | CH4: I,
Steady State
FREQ is connected to VCC, L = 2.2pH, Start-Up
fsw = 2.2MHz, forced PWM mode, lout = 6A loutr = 0A
=J 20miv/ W0V 3 00v 4 G00A 1000w 00s gip E 200% 1m0V 3 00V 4 SO0A/  2000ms!  ODs iz
CH3: Vsw CH3: Vsw 2
CH4: 1. CH4: 1. | M
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mps MPQ4423C - 36V, 6A, SYNC BUCK CONVERTER WITH FSS, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

FREQ is connected to VCC, fsw = 2.2MHz, forced PWM mode, L = 2.2uH, DCR = 6mQ, Ta = 25°C,
unless otherwise noted.

Start-Up Shutdown
lout = 6A lour = 0A
! 2.00vF woove 3 00w 4 5004 2000ms/ 00s htE? I- 200! 100v 3 100vs 40 500A  20.00ms/ 00s iz

CH3: Vsw T I

CH3: Vsw

cHal [ cha L __‘

Shutdown Start-Up through EN
lour = 0A lour = 0A

=Y 00V 3 0OV 4 G00A N00ms/ U0 MY I- 200/ 500v 3 100V 4 AO0Af  20D0ms/  00s  fALE

CH2: V\N CH2: VEN
CH3: VSW CH3: VSW
B
CH4: I CH4: I,
Start-Up through EN Shutdown through EN
lout = 6A lour = 0A
I! 200V s00v 3 100V 4 1004 2000ms/ 00s =ik E 200v s00vF 3 100V 4 5004 2000ms! 00s &1k
CH2: Ven CH2: Ven
CH3: Vsw
& CH3: Vsw
CH4: I, n CH4: 1. [
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MPQ4423C - 36V, 6A, SYNC BUCK CONVERTER WITH FSS, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

FREQ is connected to VCC, fsw = 2.2MHz, forced PWM mode, L = 2.2uH, DCR = 6mQ, Ta = 25°C,
unless otherwise noted.

CH2: Ven

Shutdown through EN
lout = 6A
E 200w 500V 3 100w 4 10.0A/ 20.00msf 00s &1k

SCP Entry
lout = 0A

I- 2.00v/ SO0V 3 100V 4 S00A/  1000ms/ B8000us  REE?

CH2: Viy
CH3: Vsw g
CH3: Vsw i
CH4: I CH4: I
SCP Recovery SCP Entry
loutr = 0A lout = 6A
E 200/ s00vA 30 100v/ 4 5004/ 10.00ms  8.000us fiirxd - 200V s00v/ 3 100w 4 5004/ 10.00ms/  B.000us 2o
CH2: Vin CH2: Vin
CH3: Vsw i CH3: Vsw
CH4: 1. CH4: I
SCP Recovery
lout = 6A OVP Entry
! 200/ s00v/ 3 100w, 4 5004 10.00me/ SU-DDus haRT - 200/ 00V 3 100v 4 B00A/ 1000ms/ 00s B
R o . |
CH2: Viy
CHS3: Vsw iy CH2: Vin
CH3: Vsw
CH4: I CH4: I
MPQ4423C Rev. 1.0 MonolithicPower.com 11
9/28/2021 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2021 MPS. All Rights Reserved.



meSs

MPQ4423C - 36V, 6A, SYNC BUCK CONVERTER WITH FSS, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
FREQ is connected to VCC, fsw = 2.2MHz, forced PWM mode, L = 2.2uH, DCR = 6mQ, Ta = 25°C,

unless otherwise noted.

OVP Recovery

E 2,00/

10.0vi 3 100vi 4 5004 1000ms/ 00s hiR?

CH2: Vin
CH3: Vsw

=

CH4: 1L

[

Load Transient

loutr = 3A to 6A, 0.4A/us slew rate

4 2004

! 200m\Y 3

—
1000us/ 262.0us B3

-

CH4: lout n

—

Load Dump
Vin =12V to 36V, lout = 3A

ooy 3 00v 4 500

! 5.00v/

2000ms/  -1.000s

CH2: Vin
CH3: Vsw

CH4: I

CH4: lout

CH2: V|n

CH3: Vsw

CH4: I

CH2: V|n

CH3: Vsw

CH4: I

Load Transient
lout = 0A to 3A, 0.4A/ps slew rate

I=

200m\F 3 4 200 1000us/ 234 Dus Bazh

—

-
T

=3

OTP Entry and Recovery
E 00V

ooV 3 100w 4 2004 1.000s/  -6.000s

Cold Crank
Vin = 12V to 4V to 7V, louT = 3A

500/ 3 00v 4 2004 1000ms -2000ms Bk

== 2.00v
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MPQ4423C - 36V, 6A, SYNC BUCK CONVERTER WITH FSS, AEC-Q100

FUNCTIONAL BLOCK DIAGRAM
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Figure 1: Functional Block Diagram
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OPERATION

The MPQ4423C is a monolithic synchronous,
rectified, step-down, switch-mode converter
with internal power MOSFETs. It offers a
compact solution that can achieve up to 6A of
peak continuous output current (lout) across a
wide input voltage (Vin) range, with excellent
load and line regulation.

Pulse-Width Modulation (PWM) Control

The MPQ4423C operates with a fixed
frequency in peak current control mode to
regulate the output voltage (Vour). A pulse-
width modulation (PWM) cycle is initiated by the
internal clock. At the rising edge of the clock,
the high-side power MOSFET (HS-FET) turns
on and remains on until its current reaches the
value set by the internal comparator (Vcowe).
The HS-FET remains off until the next clock
cycle begins.

If the HS-FET current does not reach Vcowmp
within 96% of one PWM cycle (fsw = 420kHz),
the HS-FET turns off.

Error Amplifier (EA)

The error amplifier (EA) compares the feedback
(FB) voltage (Ves) to the internal reference
voltage (Vrer) (typically 0.792V), and outputs a
Vcowe. This  Vcome controls the power
MOSFET’s current. The optimized internal
compensation network minimizes the external
component count and simplifies the control loop
design.

Internal Regulator (VCC)

The 5V internal regulator powers most of the
internal circuitry. This regulator uses either the
VOUT pin or VIN pin as its input and operates
across the entire Viy range. If Vi exceeds 5V,
then VCC is in full regulation. If Vv drops below
5V, then the output decreases with Vin. If the
output voltage (Vour) exceeds 4.75V, then VCC
uses Vour to reduce the LDO power loss.
Decouple VCC via an external 0.22uF to 1uF
ceramic decoupling capacitor.

Enable/Synchronous (EN/SYNC) Control

EN/SYNC is a digital control pin that turns the
converter on and off. Pull EN/SYNC high to turn
the converter on; pull EN/SYNC low to turn it
off. An internal 500kQ resistor connected

between EN/SYNC and GND allows the device
to be shut down by floating EN/SYNC.

The EN/SYNC pin is clamped internally via a
6.5V Zener diode (see Figure 2). It is
recommended to connect EN/SYNC to the VIN
and GND pins via a resistor divider. When
selecting a pull-up resistor, ensure that it has a
large enough resistance to limit the current
flowing into EN/SYNC to below 100pA.

For example, if the EN/SYNC pull-up resistor is
100kQ and the pull-down resistor is 36kQ, then
the IC starts up once Vv exceeds 6V.

To connect EN/SYNC directly to a voltage
source without a pull-up resistor, the voltage
amplitude should be below 5.5V to prevent
damage to the Zener diode.

EN Logic |

Figure 2: 6.5V Zener Diode

To configure the switching frequency (fsw),
connect a 200kHz to 2.2MHz external clock to
EN/SYNC. The external clock signal’'s pulse
width should be less than 10% of the duty
cycle. It is recommended to float EN/SYNC
when synchronizing fsw via an external clock.

Setting the Switching Frequency (fsw)

The FREQ pin sets the MPQ4423C’s fsw.
FREQ has three settings:

e If FREQ is connected to ground, the
MPQ4423C operates in forced PWM mode
with a 420kHz fsw and frequency spread
spectrum and (FSS).

e If FREQ is floating, the MPQ4423C
operates in Auto-PWM/Pulse-Frequency
Modulation (PFM) Mode with a 420kHz fsw
and FSS.

e If FREQ is connected to VCC, the
MPQ4423C operates in forced PWM mode
with a 2.2MHz fsw and FSS.

MPQ4423C Rev. 1.0
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Auto-PWM/PFM Mode

The MPQ4423C operates in continuous
conduction mode (CCM) at heavy loads. As the
load decreases, the MPQ4423C enters
discontinuous conduction mode (DCM). In
DCM, the device operates with a fixed
frequency as the inductor current (o)
approaches OA. If the load continues to
decrease or if there is no load, then the inductor
peak current drops below the advanced
asynchronous modulation (AAM) mode peak
current threshold (Vaam), and the device enters
pulse-skip mode (PSM) to improve efficiency
under light-load conditions.

At very light loads or no load, the feedback (FB)
voltage (Ves) decreases and Vcowmp increases
until AAM mode is triggered. If the clock goes
high, then the HS-FET turns on and remains on
until the I. sense resistor (Vi_sense) reaches
Vcomp. If Vcomp drops below Vaawm, then the
internal clock is blocked, and the MPQ4423C
skips some pulses in PFM mode. This control
scheme improves efficiency by scaling down
the fsw to reduce the switching and gate driver
losses.

As lout increases at light loads, both Vcowe and
fsw increase. If lour exceeds the critical level set
by Vcowme, the device operates with fixed-
frequency PWM control.

HS-FET Vour

Driver

Ry
Ry

R,

VREF

ViL_sense

Figure 3: Auto-PWM/PFM Mode

Forced Pulse-Width Modulation (PWM)
Mode

The MPQ4423C operates in CCM mode
continuously. It operates with a fixed fsw
regardless across the full load range.
Advantages of CCM include the controllable
fixed frequency, lower Vour ripple, and sufficient
bootstrap (BST) capacitor (C4) charge time;
however, CCM does have low efficiency under
light-load conditions. Select an inductance that
avoids triggering the low-side MOSFET (LS-
FET) negative current limit (Inec 1s) (typically
3A). If Inec_Ls is triggered, the LS-FET turns off

and the HS-FET turns on once the internal
clock begins.

Frequency Spread Spectrum (FSS)

The MPQ4423C employs a 4kHz triangle wave
(125us rising and 125ps falling) to modulate the
internal oscillator. The FSS’s frequency span is
+10% (see Figure 4). This minimizes the peak
emissions at specific frequencies to optimize
FSS performance.

A
fow = Fundamental

fow = AGkaZ Frequency
a20kHz L A A . \
| |&// \\\ | // \\\ // \\\ // \\\ |

™

fsw =

| 378kHz |

I I >

f—250us—] t

A
fow = Fundamental

fow= 2'4ZIMHZ Frequency
2.2MHz A A A
| |'\// . | PN NN |

P NP N N N

e |

fow =

| 1.98MHz |

I I >

f—250ps—|

Figure 4: Frequency Spread Spectrum

For a 420kHz fsw with FSS, connect FREQ to
GND or float FREQ. For a 2.2MHz fsw with
FSS, connect FREQ to VCC.

Under-Voltage Lockout (UVLO) Protection

The under-voltage lockout (UVLO) comparator
monitors Vi to protect the chip from operating
at an insufficient Viv. The UVLO rising threshold
is 3.7V, and its falling threshold is 3.25V.

Internal Soft Start (SS)

The MPQ4423C implements soft start (SS) to
prevent Vour from overshooting during start-up.

Once a SS is initiated, the internal circuitry
generates a SS voltage (Vss) that ramps up
from OV to 5V. If the soft-start voltage (Vss)
drops below Vger, then Vss overrides Vger and
the EA uses Vss as the reference. If Vss
exceeds Vger, then the EA uses Vger as the
reference.

Pre-Biased Start-Up

If the output is pre-biased to a certain voltage
during start-up, the HS-FET and LS-FET do not

MPQ4423C Rev. 1.0
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turn on until Vss exceeds Ves.

Over-Current Protection (OCP) with Hiccup
Mode

The MPQ4423C employs cycle by cycle current
limiting for when the inductor peak current
exceeds its current limit, and Ves drops below
the under-voltage (UV) threshold (typically 50%
below Vrer). Once Ves drops below the UV
threshold, the part enters hiccup mode to
restart the part periodically. This protection
mode is especially useful if an output short to
ground occurs. Over-current protection (OCP)
reduces short circuits, alleviates thermal issues,
and protects the chip from over-current (OC)
faults. The MPQ4423C exits hiccup mode once
the OC condition is removed.

Over-Voltage Protection (OVP)

The MPQ4423C detects output over-voltage
(OV) conditions via the FB pin. If Ves exceeds
115% of its target voltage, the over-voltage
protection (OVP) comparator's output goes
high. If OVP is triggered, the MPQ4423C enters
output discharge mode. The MPQ4423C auto-
recovers and resumes normal operation once
Vour drops below 105% of its target voltage.

Bootstrap (BST) Charging

An external bootstrap (BST) capacitor powers
the floating HS-FET driver. This floating driver
has its own UVLO protection. Its UVLO rising
threshold is 2.2V, with a hysteresis of 150mV.
The VIN and VCC pins regulate the BST
capacitor (C4) internally via D1, D2, M1, C4, L1,
and C2 (see Figure 5). VCC charges the C4
voltage quickly via M1. If the LS-FET is not

VIN

Vee

I If the LS-FET is on, then
I turn on the P-channel

| MOSFET.

turned on, the 1uA input to BST current source
can charge C4.

Start-Up and Shutdown

If both Vv and Ven exceed their respective
thresholds, the MPQ4423C starts up. The
reference block starts up first to generate a
stable Vrer and currents. Then the internal
regulator starts up to provide a stable supply for
the remaining circuitries.

Three events can shut down the IC: Ven going
low, Vin going low, and thermal shutdown. Once
shutdown is initiated, the signaling path is
blocked to avoid triggering any faults. Then
Vcome and the internal supply rail are pulled
down. The floating driver is not subject to this
shutdown command.

Output Discharge

The MPQ4423C’s output discharge function
provides a resistive discharge path for the
external output capacitor (C2). This function
remains active even if the part is disabled (e.qg. if
VN triggers UVLO or if the part is turned off via
EN/SYNC), or if an OV condition occurs. If Vour
drops below 0.5V or if the 200ms maximum time
has elapsed, the discharge path turns off.

Thermal Shutdown

Thermal shutdown prevents the IC from
operating at exceedingly high temperatures. If
the die temperature exceeds the thermal
shutdown threshold (about 165°C), then the
device shuts down. Once the temperature drops
below 145°C the device initiates a new SS and
resumes normal operation.

L1 Vout

Figure 5: Internal Bootstrap Charging Circuit

MPQ4423C Rev. 1.0
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APPLICATION INFORMATION

Component Selection
Setting the Output Voltage
The external resistor divider sets the output
voltage (see the Typical Application section on
page 1).
The feedback resistor (R1) sets the feedback
loop bandwidth via an internal compensation
capacitor. Choose R1 to be about 60.4kQ. Then
the feedback resistance (R2) can be calculated
with Equation (1):

R1 (2)

VOUT

0.792v

R2 =

If Vour is low, it is highly recommended to use a
T-type network (see Figure 6).

RT R1  Vour
FB

R2

Figure 6: T-Type Feedback Network

A resistor divider (RT + R1) sets the loop
bandwidth. A higher RT + R1 results in a lower
bandwidth. To ensure loop stability, it is
recommended to set the bandwidth below
40kHz. 9

Table 1 lists the recommended T-type resistor
values for common output voltages.

Table 1: Recommended Resistor Values for
Common Output Voltages 10

Vour (V) | R1 (kQ) | R2 (kQ)
3.3 60.4 19
5 60.4 11.3
9 64.9 6.2

Selecting the Inductor

For most applications, an inductor with a DC
current rating of at least 25% greater than the
maximum  load current  (l.oap max) IS
recommended. For higher efficiency, choose an
inductor with a lower DC resistance. The
inductance (L) can be estimated with Equation

(2):

Where Al is the inductor ripple current.

Choose Al. to be between 30% and 50% of
ILoap max. The maximum inductor peak current
(I._max) can be calculated with Equation (3):

— AIL
IL_MAX =loan t 7 (3)
For most applications, a 4.7uH inductance is
recommended for a 420kHz fsw, and a 2.2uH
inductance is recommended for a 2.2MHz fsw.

Selecting the Input Capacitor (C1)

The step-down converter has a discontinuous
input current, and requires a capacitor to supply
AC current to the converter while maintaining
the DC Vin. For the best performance, use low-
ESR capacitors. Ceramic capacitors with X5R
or X7R dielectrics are highly recommended due
to their low ESR and small temperature
coefficients.

Since the input capacitor (C1) absorbs the input
switching current, it requires an adequate ripple
current rating. The RMS current in C1 (lc1) can
be estimated with Equation (4):

ey = loap ¥ J\<(/)UT X[l' V\?UT} (4)

IN IN

The worst-case condition occurs at

Vin = 2 X Vour, Where:

ley = (5)

For simplification, choose a C1 with an RMS
current rating greater than half of I .oap_max.

C1 can be electrolytic, tantalum, or ceramic. If
using electrolytic capacitors, place two high-
quality ceramic capacitors as close to the VIN
pin as possible. The input voltage ripple (AV)
caused by the capacitance can be estimated
with Equation (6):

AV, = f | oan v Vour x| 1 Vour (6)
ww XCl  Vn Vin

Note:

L = VOUT < (V|N — VOUT) (2) 10) Values are based on the 420kHz default fsw (fsw1)-
1
V|N X AIL x fsw
MPQ4423C Rev. 1.0 MonolithicPower.com 17
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Selecting Output Capacitor (C2)

The output capacitor (C2 maintains the DC Vour.
The output voltage ripple (AVour) can be
calculated with Equation (7):

V, V, 1
Wour =1 C *(1‘ VNR+m] )
Sw 1 IN sSw

Where L; is the inductance, and Resg is the
equivalent series resistance of C2.

For electrolytic capacitors, the ESR dominates
the impedance at fsw. For simplification, AVour
can be estimated with Equation (8):

V, V,
AVyyr = f ouT X(l_ \(;IL:\‘T]X Resk (8)

sSw ><L1

The characteristics of C2 also affect the stability
of the regulatory system. Ceramic capacitors
are recommended for a lower AVour and
improved control loop stability. For polymer or
tantalum capacitors, it is recommended to use a
100pF capacitor with an ESR rating below
50mQ. Ceramic capacitors are recommended
to be 10pF.

Setting the Vi Under-Voltage Lockout
(UVLO) Threshold

The MPQ4423C has an internal, fixed UVLO
threshold. The rising threshold is 3.7V, and the
falling threshold is about 3.25V For applications
that require a higher UVLO, place an external
resistor divider between the VIN and EN/SYNC
pins to raise the UVLO threshold (see Figure 7).

Vin VIN
R4 EN/
SYNC
R7 500kQ

Figure 7: Adjustable UVLO Using EN/SYNC
Divider

The UVLO rising threshold (VIN_UVLO_RISING) can
be calculated with Equation (9):

R4
\/IN_UVLO_RISING = (1+ m) X VEN_RISING (9)

Where VEN_RISING is 1.4V.

The UVLO falling threshold (VIN_UVLO_FALLING) can
be calculated with Equation (10):

R4
\/IN_UVLO_FALLING = (1+ m) X VEN_FALLING (10)

Where VEN_FALLING is 1.25V.

Ensure that R4 has a large enough resistance
to limit the current flowing through EN/SYNC
below 100pA.

PCB Layout Guidelines @V

Efficient PCB layout is critical for stable
operation and thermal dissipation. For the best
results, refer to Figure 8 and follow the
guidelines below:

1. Place the high current paths (GND, VIN,
and SW) close to the IC via short, direct,
and wide traces.

2. Place C1 as close to the VIN and GND pins
as possible.

3. Place the VCC capacitor (Cvcc) as close to
the VCC pin as possible.

4. Place three or more vias on Cvcc connected
to GND.

5. Connect a large copper plane directly to
PGND.

6. Add multiple vias to the PGND plane to
improve thermal dissipation.

7. Route the SW and BST traces away from
sensitive analog areas, such as FB.

Notes:

11) The recommended PCB layout is based on the typical
application circuit with a 5V Vour, 6A lour, and 420kHz fsw
with FSS (see Figure 9 on page 19).

Figure 8: Recommended PCB Layout

MPQ4423C Rev. 1.0
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TYPICAL APPLICATION CIRCUITS

rRa G
1l
12 00 2200k
11 L1 Vour = 5V
BST sSw lo}
2 4.7uH L con oo concoe
VIN Sw 1%% OIuF | 22uF | 22uF| 22pF] 22pF
VIN out 2 | = = = = =
MPQ4423CFB 7 ]§| 220nF Il‘ LR1 I C6 GND
EN/SYNC | I | ’60.4kQT22pF
vce 5 "
FREQ T L R2
NC e 0Q 11.3kQ
ne 2 28 1
600 =
1] 15| 16 R2
= R6
= 0Q
Figure 9: Typical Application Circuit (Vin =12V, Vour =5V, lout = 6A, fsw = 420kHz with FSS)
ca
12 00 2200k
11 L1 Vout = 5V
BST Sw o
2 2.2uH L con Lcop=cocconcoe
VIN sw 1%% 01pF | 22uF | 22uF| 22uF] 22pF
VIN o = | - = = = ==
MPQ4423CFB 7 ]E' 220nF Il. LR1 I c6 GND
EN/SYNC | I | ’60.4kQT22pF
vce
FREQ > Ry R2
NC \C 0Q  11.3kQ
ne 2 28 1
000 =
1] 15| 16 2
= R6
= NS
Figure 10: Typical Application Circuit (Vin =12V, Vour =5V, lout = 3A, fsw = 2.2MHz with FSS)
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TYPICAL APPLICATION CIRCUITS (continued)

c4
R4 “
12 00 Ho0nF
o L1 Vour = 3.3V
BST SwW o
4.7pH
swi? ‘;3 L con Lcopcoclconcoe
VIN w 1%0 01puF | 22uF [ 22pF] 22pF[ 22pF
VIN ouT L W 4 — — — — —
MPQ4423CFB 7 |c5| 220nF ||‘ IRt | c6 GND
EN/SYNC | I | : 60.4kQT22pF
vce
FREQ 2 Ry LR
NC e 0Q % 19kQ
ne 2 282 1
o O O =
1] 15| 16 RS

Figure 11: Typical Application Circuit (Vin =12V, Vour = 3.3V, lout = 6A, fsw = 420kHz with FSS)

R4 i

11
o @ 220nF
. N L1 47uH vouT
swW o
VIN a 1, L .1
o 1 sw =2 C2A c28 c2
04pF | 10uF | 100uF
.
:—TE%[O F—Lcm—Lcm—Lcm R3 al out |14 R8 100 (ESR<50mQ)
1 100F | 100F | O.LuF $15060 ) = = =
MPQ4423C C5 220nF —_l

— — — = EN 9 F8 L ||- R1 C6 GND

= = = - EN/SYNC 64.9kQ NS

GND 7

36k0 vee . Rt 00
SW_ 10 Q 2
NC e 6.2kQ
R I e L = L
c3 = R5 )
1uF Al I

NS

R6
0Q

Figure 12: Typical Application Circuit (Vin = 12V, Vour = 9V, lout = 6A, fsw = 420kHz with FSS)
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PACKAGE INFORMATION
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CARRIER INFORMATION

/OOOOOOOO

Pinl —»1(p 1p e rs
Reel ABCD ABCD ABCD ABCD
Diameter

—

Feed Direction

Part Number Package Quantity | Quantity/ | Quantity/ Reel Carrier Carrier
Description /Reel Tube Tray Diameter | Tape Width | Tape Pitch
MPQ4423CGLE-AEC1-Z QFN-16 5000 N/A N/A 13in 12mm 8mm
(3mmx4mm)
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