MPQ4228-Q

“ 3A, 36V, Step-Down Converter with 1-Channel
USB Charging Port Supporting QC3.0 and
Type-C 5V @ 3A DFP, AEC-Q100 Qualified

DESCRIPTION

The MPQ4228-Q integrates a monolithic, step-
down, switch-mode converter with a single USB
current-limit switch and Type-C 5V @ 3A mode
configuration channel for USB port applications.
It achieves 3A of output current across a wide
input supply range, with excellent load and line
regulation.

The output of the USB switch is current-limited.
The USB port supports Quick Charge 3.0 (QC3.0)
mode. It is backwards compatible with DCP
schemes for battery charging specification
(BC1.2), Apple 3A divider mode, and 1.2V/1.2V
mode, without requiring outside user interaction.
The USB port also supports USB Type-C 5V @
3A DFP mode.

Fault protections include hiccup current limiting,
output  over-voltage protection (OVP),
DP/DM/CC1/CC2 short to battery, and thermal
shutdown (TSD).

The negative temperature coefficient (NTC)
input monitors the external PCB or other
components’ temperature(s).

The MPQ4228-Q requires a minimal number of
readily available, standard external components,
and is available in a QFN-22 (4mmx4mm)
package.

FEATURES

e DP/DM Support Quick Charge 3.0 Mode
Class A

e Backwards Compatible with DCP Schemes:

BCL1.2 Short Mode, Apple 3A Divider Mode,

1.2V/1.2V Mode

Supports USB Type-C 5V @ 3A DFP Mode

NTC Over-Temperature Detection

Passed Apple MFI Certification Test

USB-IF Type-C Certified

Independent USB On/Off Control Pin: EN1

145°C Internal Load-Shedding Entry

Temperature

e USB_OUT, DP/DM, CC1/CC2 Pins Short-
to-Battery Protection

e Wide 4.2V to 36V Continuous Operating
Input Range

e Selectable Switching Frequency (420kHz or

2.2MHz with Spread Spectrum)

3A Output Continuous Current

Integrated 20mQ Low Rpsony MOSFET

Line Drop Compensation

Accurate 3.55A USB Current Limit

EN Shutdown Discharge Function

OCP, OVP, and OTP Fault Indication

Frequency Sync from 200kHz to 2.2MHz

Hiccup Current Limit for Buck and USB

+8kV IEC 61000-4-2 Contact Discharge

ESD Rating for CC1 and CC2 Pins

e +8kV IEC 61000-4-2 Contact Discharge
ESD Rating with Small Resistor, Capacitor
on DP and DM Pins

e +15kV IEC 61000-4-2 Air Discharge ESD
Rating for DP, DM, CC1 and CC2 Pins

e Available in a QFN-22 (4Ammx4mm)
Package with Wettable Flanks

e Available in AEC-Q100 Grade 1

APPLICATIONS

e Automotive USB QC3.0 Charging Ports
¢ Automotive USB Type-C Charging Ports

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.
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mps MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

TYPICAL APPLICATION
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mP5 MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

ORDERING INFORMATION

Part Number*

Package

Top Marking

MSL Rating

MPQ4228GRE-Q-AEC1

QFN-22(4mmx4mm)

See Below

1

* For Tape & Reel, add suffix -Z (e.g. MPQ4228GRE-Q-AEC1-2).

MPS: MPS prefix
Y: Year code
WW: Week code

MP4228: Part number
LLLLLL: Lot number
QE: Product suffix and package code

TOP MARKING

MPSYWW
MP4228
LLLLLL

QE

PACKAGE REFERENCE
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mP5 MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

PIN FUNCTIONS

Pin #

Name

Description

Ccc1

Configuration channel. CC1 detects connections and configures the interface across
the USB Type-C cables and connectors. Once a connection is established, CC1 or CC2
is reassigned to provide power over the VCONN pin of the plug.

FLT

Fault indicator. This pin indicates USB OCP/SCP, USB_IN OVP, DP/DM/CCx short to
battery, and thermal shutdown. FLT is an open drain under normal conditions. FLT is
pulled low during any of aforementioned fault conditions.

USB_OUT

USB bus voltage output.

USB_IN

USB bus voltage input.

EN1

USB switch enable pin. EN1 is active low pin. EN1 = 0, the USB is enabled, EN1 =
3.3V, USB is off. The buck output is still active when EN1 = 3.3V. By default, EN1 is
pulled low by an internal 1MQ resistor. EN1’s maximum voltage is 4V.

NTC

Thermistor input. Connect a thermistor from NTC to VCC2, and a fixed resistor from
NTC to GND. Put the thermistor near the USB connector or output capacitor for
temperature monitoring. The MPQ4228-Q has a 1.5A load capability when NTC reaches
the load-shedding threshold. If NTC reaches the thermal shutdown threshold, then the
chip immediately turns off the USB output and the FLT pin is pulled low. By default, NTC
is pulled low by an internal 1MQ resistor. Connect NTC to GND or float NTC to disable
the thermal sense function. NTC’s maximum voltage is 4V.

ADJ

Output voltage adjust. This pin sinks a current from the DC/DC converter’s FB pin to
ground to regulate the step-down converter’s output voltage (Vour).

DM

D- data line to USB connector. This pin’s input and output are used for handshaking
with portable devices.

DP

D+ data line to USB connector. This pin’s input and output are used for handshaking
with portable devices.

10

FREQ

Frequency selection pin. If FREQ = GND, then the frequency is 420kHz with frequency
dithering (£10% dithering) and forced continuous conduction mode (FCCM). If FREQ =
floating, then the frequency is 420kHz with frequency dithering (£10% dithering) and
pulse-frequency modulation (PFM) mode. If FREQ = VCC, then the frequency is 2.2MHz
with frequency dithering (+10% dithering) and FCCM.

11

VCC1

Internal 5V LDO regulator output. Decouple with a 1uF capacitor.

12

FB

Feedback. Connect to the tap of an external resistor divider from the output to GND, to
set Vourt. The frequency foldback comparator lowers the oscillator frequency when the
FB voltage (Vrs) is below 400mV to prevent current limit runaway during a short circuit
fault condition.

13

EN/SYNC

On/off control input. This pin is internally pulled to ground by a 500kQ resistor. Apply
an external CLK on this pin to sync the switching frequency (fsw) to the external clock.

14

IN

Supply voltage. The MPQ4228-Q operates from a 4.2V to 36V input rail. Use C1 to
decouple the input rail. Connect this pin to the input capacitor using a wide PCB trace.

15

SW

Switch output. Use a wide PCB trace to make the connection.

16

BST

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

17

ouT

Buck output. Connect OUT to an external power supply (5V < Vour < 20V) or connect
OUT to Vour to reduce power dissipation and increase efficiency. When connected to
Vour, place a 10Q RC filter and a 220nF RC filter from OUT to GND to absorb the voltage
spike. Float OUT or connect to ground if not used.

18,19, 21

GND

Power ground.

20

VCC2

Internal 3.45V LDO regulator output. Decouple with a 4.7uF capacitor.

MPQ4228-Q Rev. 1.0
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mP5 MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

PIN FUNCTIONS (continued)

Pin # Name |Description

22 cc2

Configuration channel. CC2 detects connections and configures the interface across the
USB Type-C cables and connectors. Once a connection is established, CC1 or CC2 is
reassigned to provide power over the VCONN pin of the plug.

ABSOLUTE MAXIMUM RATINGS @

Supply voltage (VIN) «.ceevvvvvenienennnn. -0.4V to +40V
SV + e e nernrnnnnsasnnsnsansnransnsassnsnsansntassnsnrsnnnrasnnsnsnnnnnns
-0.3V (-5V for <10ns) to Viy + 0.3V (43V for
<10ns)
N BT ettt e e Vsw + 5.5V
VUSB_IN, USB_OUT +rerurrurrnsnnrunsnsnasnsass -0.3V to +24V
Veei, Veez, VoM, VP v, -0.3V to +18V
VLT o -0.3V to +6.5V
VNTC, NV ENL ettt -0.3V to +4V
VFREQ, VEN/SYNC .. -0.3V to +5.5V @
All other pins........cccccvieeeiiiiiiiienn, -0.3V to +4.5V
Continuous power dissipation (Ta = 25°C) @ ®
QFN-22 (4mmx4mm) ......ccccceeveeeeeieeennnnnnnn. 3.47TW
Junction temperature ..............cceuvveeennnnn. 150°C
Lead temperature ............ccceevvvvvevennnnnnnns 260°C
Storage temperature................ -65°C to +150°C
ESD Ratings
DP/DM/CC1/CC2/USB_OUT (HBM).......... +8kV
All other pins (HBM)......ccccuviiiiiiiiieiiiie +2kV
DP/DM/CC1/CC2/USB_OUT (CDM)......... +2kV
All other pins (CDM) .......ccvvvvveiiriiiiininnn, 750V
Recommended Operating Conditions ©
Operation input voltage range......... 4.2V to 36V
Output voltage range..... 3.6V - 12V or Vin X Dmax
OULPUL CUITENL.....ceeiieiieee e 3A

Operating junction temp (T3).....-40°C to +150°C

Thermal Resistance 0;an 0Oic
QFN-22 (4mmx4mm)

EVQ4228-Q-RE-00A © ... 36....... 5....°CIW
JESDS1-7D e, 42....... 9....°C/W
Notes:

1) Exceeding these ratings may damage the device.

2) About the details of EN pin’'s ABS Max rating, see the
EN/SYNC Control section on page 19.

3) The maximum allowable power dissipation is a function of the
maximum junction temperature T; (MAX), the junction-to-
ambient thermal resistance 6,4, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp (MAX) = (T,
(MAX) - Ta) / 8;s. Exceeding the maximum allowable power
dissipation can cause excessive die temperature, and the
regulator may go into thermal shutdown. Internal thermal
shutdown circuitry protects the device from permanent
damage.

4) HBM, per JEDEC specification JESD22-A114; CDM, per
JEDEC specification JESD22-C101, AEC specification AEC-
Q100-011. JEDEC document JEP155 states that 500V HBM
allows safe manufacturing with a standard ESD control
process. JEDEC document JEP157 states that 250V CDM
allows safe manufacturing with a standard ESD control
process. HBM with regard to GND.

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

6) Measured on 4-layer, 57.4mmx57.4mm PCB.

7) Measured on JESD51-7, 4-layer PCB. The value of 6,4 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 JESD board. They do not represent the performance
obtained in an actual application.
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mP5 MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

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

noted.
Parameter Symbol |Condition Min | Typ | Max | Units
Ven =0V, Ty =25°C 1
Shutdown supply current IN MA
Ven = 0V, Ty = -40°C to +150°C 8
Eul“lﬁ,léﬁtu'escent supply lo_cL_veuspis |CC pin floating, Vrs = 1V 0.75| 1.1 mA
Sﬁ;i't' quiescent supply lo CC1 to ground with 5.1kQ, Ve = 1V 1 | 15| mA
EN rising threshold VEN_RISING 115 | 1.4 | 1.65 Y
EN falling threshold VEN_FALLING 1.05| 125|145 Y
) leny Ven = 2V 4.5 6
EN input current MA
lenz Ven=0 0 0.2
Thermal shutdown ®) Tsto 165 °C
Thermal hysteresis © TsTD_HYS 20 °C
VCCL1 regulator voltage Vcel lcc = OmA 4.8 5 5.2 \%
VCCL1 load regulation Vceitoc  |lcc = 5mA 15 4 %
VCC2 regulator voltage Vcez lcc = OmA 3.15 | 3.45| 3.75 \%
Step-Down Converter
e olage ckout | Voo 5 | a7 29| v
Vin UVLO falling threshold Vin_uvio_ 3.05|325[345| V
FALLING
S MOSFET S| s s0 | 50 [ mn
Low S HOSFETLS | s s0 [ o0 [ mn
Output discharge resistance Rois 200 Q
Feedback voltage Ves 776 | 792 | 808 | mV
Feedback current Irs Ves = 820mV 10 | 100 nA
Sync frequency range fsyne 0.2 2.4 | MHz
. fswa Vrs = 750mV, FREQ = floating 340 | 420 | 500 | kHz
Oscillator frequency
fswz ® Vrs = 750mV, FREQ = VCC 2.2 MHz
Frequency Spread spectrum fswa FREQ = GND, based on 420kHz +10 %
Span fswa ® FREQ = VCC, based on 2.2MHz +10 %
Maximum duty cycle Dwmax Based on 420kHz 945 | 96 %
Ven = 0V, Vsw = 36V, Ty = 25°C 1
Switch leakage SWike Ven = 0V, Vsw = 36V, 10 MA
Ty =-40°C to +150°C
High-side peak current limit lumima Ty =-40°C to +150°C 7 10 A

MPQ4228-Q Rev. 1.0
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mP5 MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

ELECTRICAL CHARACTERISTICS (continued)

Vin = 12V, Ven = 5V, T; = -40°C to +150°C, typical value is tested at T, = 25°C, unless otherwise
noted.

Parameter Symbol Condition Min Typ Max | Units

Low-side valley current

limit © ILimiT2 9 A

imit

Low-side negative current

limit © ILsNEG -3 A

imit

Minimum on time ® ton_miN 60 ns

Output over-voltage o

protection (OVP) Vovp1 112 115 118 )

Output OVP recovery Vovpi_R 105 %

Soft-start time tss Output from 10% to 90% 15 ms

USB Switch

UVLO rising threshold Vuse_UVR 2.8 3.0 3.2 \

UVLO hysteresis threshold | Vuss_uvHys 400 mV

EN1 logic high input VENI_H Turn off the USB output 2 \%

EN1 logic low input VEn1_L Turn on the USB output 0.4 \%

Switch on resistance Rps(on)_sw 20 40 mQ

Input discharge resistance Rois_uss Turn on during IN OVP 200 Q
Vuse out1 | Default -2% 5.1 +2% \%

USB output voltage Vuse_outz |QC 3.0, Ty = 25°C -1.5% 9 +1.5% \%
Vuse outa |QC 3.0, T3 = 25°C, Vin = 13.5V -1.5% 12 | +1.5% V

USB input OVP rising _

threshold Vuss_ov Vour = 5V 562 | 5.82 | 6.02 V

:Q?elgﬁ(l),lltdovp recovery Vov_recovery | Vout = 5V 532 | 552 | 5.72 V

0, -
Current limit s | Vour drops to 10%, Type-A/Cmode, | 354 | 355 | 39 | A
room temperature

USB_OUT soft-start time tuse_ss Vour = 5V, from 10% to 90% 0.45 ms

:i/rzues enter hiccup hold tmice on | Vour = 5V, OC, hiccup on time 2 ms

Hiccup mode off time tHicP_oFF Vout = 5V, Veus connected to GND 2 sec

DM, DP pins OVP rising

threshold Vov_bm_pp 3.75 4.0 4.25 Vv

DM, DP pins OVP

hysteresis Vov_oum_pp_Hvs 100 mV

MPQ4228-Q Rev. 1.0 www.MonolithicPower.com 7
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mP5 MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

ELECTRICAL CHARACTERISTICS (continued)

Vin = 12V, Ven = 5V, T; = -40°C to +150°C, typical value is tested at T, = 25°C, unless otherwise
noted.

Parameter Symbol Condition Min | Typ | Max | Units
;::IE drop compensation GADJ_SINK Vout =5V, lout = 3A 170 | 250 mV
FLT output low voltage VELT L Isnk = ImA 0.15 \%
FLT leakage current VELT_LkG 6.5V pull-up voltage 1 MA
FLT deglitch time trLT_DEG Over-current 2 ms
NTC Temperature Sensing
fhﬁighsoﬁgdd'”g entry Viswen | Roown = 3kQ, Rup = 3kQ (125°C) 047 | 05 | 053
poad-sheddng ext Visiow |Roown=3kQ, Rup = 9.99kQ (85°C) | 0.21 | 0.24 | 0.27
Thermal shutdown entr Veez
threshold y V1sp HicH | Roown = 3kQ, Rup = 1.28kQ (160°C) 0.63 | 0.7 | 0.73
gnerma shutdown ext Vrsotow  |Roown = 3kQ, Rup = 2.07kQ (140°C) | 0.57 | 0.6 | 0.63
BC1.2 DCP Mode
Vorp = 0.8V, Ipm = 1mA, Ty = 25°C 40
DP and DM short R — — 0
resistance DPIDM_SHORT | Vpp = 0.8V, lom = 1mMA, 50
Ty =-40°C to +150°C
3A Divider Mode
DP output voltage Vop_piviber | Vout = 5V 25 | 2.7 | 285 \%
DP output impedance Rop_piviDER 20 26 32 kQ
DM output voltage Vowm_piviber | Vout = 5V 3.4 \%
DM output impedance Rowm_piviber 20 kQ
1.2Vv/1.2V Mode
DP/DM output voltage Vopom_1.2v | Vout = 5V 1.1 1.2 1.3 \%
DP/DM output impedance Ropiom_1.2v 200 | 300 | 400 kQ
USB Type-C 5V @ 3A Mode — CC1, CC2
. . i CC1 pin, for Type-C mode
CC resistor to disable Type Ra applications add a 2.2nF capacitor on | 95.3 | 97.6 | 100 kQ
C mode
CC1
CC pull-up current to detect
Type-A mode lpLL 8 10 12 MA
CC voltage to enable Vconn Vra 0.75 \%
CC voltage to enable Vsus VRrD Room temperature 0.85 2.45 \%
CC voltage at 5.1kQ Ro Vecro | CC Pin pull-down by 5.1kQ, room 131 1683|204 | V
temperature
CC detach threshold Vopen 2.65 \%
MPQ4228-Q Rev. 1.0 www.MonolithicPower.com 8
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mP5 MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

ELECTRICAL CHARACTERISTICS (continued)

Vin = 12V, Ven = 5V, T; = -40°C to +150°C, typical value is tested at T, = 25°C, unless otherwise
noted.

Parameter Symbol Condition Min | Typ | Max | Units

CC voltage falling .

debounce timer tcc_peeounce | Veus enable deglitch 100 | 150 | 200 ms

gn?e\:oltage rising debounce tro_pesounce | Veus disable deglitch 0 10 20 ms
Vconn comes from the buck output

Veonw output power Pvcowy | ith some series resistance 1 w

VBus to ground impedance Rsus Type-C detach, after output discharge 72.4 kQ
turn-off

Quick Charge 3.0 Mode

DP/DM low voltage Vaqc_Low 0.25 | 0.3 0.4 \Y

DP/DM high voltage VQc_HiGH 1.8 2 2.2 \%

DP output impedance Rop_qc 300 | 400 | 1500 | kQ

DM output impedance Rowm_ac 15 20 25 kQ

DM low glitch time ®) teLITcH_DM 10 ms

DP high glitch time teLiTcH_pp 800 | 1200 | 1600 | ms

O_utput_ voltage change teumeH_v_ 20 40 60 ms

glitch time CHANGE

Bus voltage (Vsus) step VB“;—;?NT— 150 | 200 | 250 | mV

Time for Vsus to discharge

to 5V when DP < 0.6V © tv_unpLuG 500 | ms

Note:

8) Guaranteed by engineering sample characterization.
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mps MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

TYPICAL CHARACTERISTICS

Vin =13.5V, Vour = 5.1V, L =4.7uH, fsw = 420kHz with spread spectrum, CC1 to ground with a 5.1kQ
resistor, Ta = 25°C, unless otherwise noted.
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mP5 MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

TYPICAL CHARACTERISTICS (continued)

Vin =13.5V, Vour = 5.1V, L =4.7uH, fsw = 420kHz with spread spectrum, CC1 to ground with a 5.1kQ
resistor, Ta = 25°C, unless otherwise noted.

Efficiency vs. Load Current Efficiency vs. Load Current
Vgus = 9V, gy = 420kHz, L = 4.7uH, Vgus = 12V, fgy = 420kHz, L = 4.7pH,
DCR =12.96mQ DCR = 12.96mQ
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mps MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS

Vin =13.5V, Vour = 5.1V, L =4.7uH, fsw = 420kHz with spread spectrum, CC1 to ground with a 5.1kQ
resistor, Ta = 25°C, unless otherwise noted.

Steady State Steady State
Frequency spread spectrum is enabled, Frequency spread spectrum is enabled,
lour = OA loutr = 3A
a0y 2 500V 3 100V 4 2004/ 0.0s 2.0005¢ Trig'd B0y 2 GO0V 3 100w 4 2008/ 0.0s 20008 Trig'd
CHi: USey PR o |l PPN
AC USB/AC
CH2: Buck ol CH2: Buck L,
Vour T Vour |

CH3: SW i3 .- CH3: SW

CH4: I @W\W CH4: I,

Start-Up through EN Start-Up through EN
loutr = 0A lout = 3A
500V, 2 500V/ 3 500V 4 2008/ -84.00% E-I]EIEIQ/ Stop 500V 7 500V, 3 R0OV/ 4 2008/ -84.002 5000z [ Trigd? |
CH1: USB CH1: USB
CH2: Buck |, ( CH2:Buck R, r
Vour [ Vour [
CH3: EN o |
CH3: EN 2 JJ
CH4: lour ot 4 CH4: lout i
Shutdown through EN Shutdown through EN
loutr = 0A lout = 3A
500V ‘2 EDDV‘/ 3 E‘DDW 42004 0.0 000 [ Trigd? | 500V 2 BO0V/ 3 500 4 200Af 00s  5000% [ Trgdl |
CH1: USB CH1: USB
Ty
T
CH2:Buck |, e CH2:Buck |, \\___
Vour [ Vour [
CH3: EN i ‘ CH3: EN 23 \
\
CH4: lour e CH4: lour  [2°
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mps MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin =13.5V, Vour = 5.1V, L =4.7uH, fsw = 420kHz with spread spectrum, CC1 to ground with a 5.1kQ
resistor, Ta = 25°C, unless otherwise noted.

Start-Up through EN1
loutr = 0A

Start-Up through EN1
loutr = 3A

500V, 2 BO0V/ 3 500V 4 2008/ -73.00% 50.002/ Stop B00V/ 2 BODW 3 BOOW 4 2008/ -73.002 80002/ [ Trigd? |
CH1: UsSB CH1: UsSB
| |
CH2: Buck L CH2: Buck ol
Vour | Vour |
CH3: EN1 o CH3: EN1 3
|
CH4: lout ot CH4: lout 4 ’
Shutdown through EN1 Shutdown through EN1
lout = 0A lour = 3A
500V, 2 500V, 3 B0V, 4 2008/ 380.02 800.02/ [ Trigd? | g.00vs 2 00V 3 500W 4 2.008/ 0.0 20008 [ Trigd? |
CH1: USB CH1: USB
|V
CH2:Buck L, CH2:Buck L,
Vour [ Vour | |
CH3: EN1 iyl CH3: EN1 fy
N
CH4: lour o CH4: lour  [2°
Start-Up through IN Start-Up through IN
lout = 0A loutr = 3A
500y 2 500V 3 10.0v 4 20047 -73.00% 50.00% Trig'd? 500 2 500V 3 100vs 4 2008/ -73.002 50008 [ Trigd? |
CH1: USB CH1: USB
CH2: Buck L f CH2: Buck /
Vour | Vour |
CH3: Vin i / CH3: Vi 13 / [
CH4: lour ¥ CH4: lour 2
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mps MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin =13.5V, Vour = 5.1V, L =4.7uH, fsw = 420kHz with spread spectrum, CC1 to ground with a 5.1kQ
resistor, Ta = 25°C, unless otherwise noted.

CH1: USB

CH2: Buck
Vour

CH3: V\N

CH4: lout

CH1: USB

CH2: Buck
Vour

CH4: lout

CH1: USB

CH2: Buck
Vour

CH3: CC1

CH4: lour

Shutdown through IN

lout = 0A
00y, 2 BOOY, 3 100V 4 2008/ 300.0= 50.00%/ Trig'd?
2 B
“\\‘
o o
ol

MFI Over-Current Pulse Test
lout = 3A to 4.8A, 1ms hold time

200V 2 2000 3 4 2004/ -1.000  1.000% Trig'd

[ P \

400ps/div.

Load-Shedding Recovery
Connect to mobile phone during testing

—
200V 2 200V 5100V 4 1004/ -2.500s 6000/ Stop

\ \ \ [ i \ [ [ \

CH1: USB

CH2: Buck
Vour

CH3: V|N

CH4: lout

CH1: USB

CH2: Buck
Vour
CH3: CC1

CH4: lout

CH1: USB

CH2: CC1

CH3: CC2

Shutdown through IN

lout = 3A
s.00v/ 2 BOOV/ 3 100w 4 2008/ 300,08 5.0008 [ Trigd? |
B
| bl
I‘N }

Load-Shedding Entry
Connect to mobile phone during testing

200V 2 200/ 3 100¥ 4 1.00A/ -2.500s 50002/ Stop

| [ I i [ [ [ |

x
3
E

10ms/div.

CC1 Short to Battery
VearT = 18V, CC1 = CC2 = floating

500y, 2 100Vl 3 B00ve 4 -2.500s 50002/ Stop

b2

MPQ4228-Q Rev. 1.0
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mps MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin =13.5V, Vour = 5.1V, L =4.7uH, fsw = 420kHz with spread spectrum, CC1 to ground with a 5.1kQ
resistor, Ta = 25°C, unless otherwise noted.

CC2 Short to Battery
VeatT = 18V, CC1 = CC2 = floating

600V 2 GO0V 3 100V 4 -2.600s 60008/ Stop

DP Short to Battery
VearT = 18V

200W 2 100y 3 BO0vs 4 -5.000s 1.000s/

Stop

T T T 1 T 1

CH1: USB
CH1: USB S I e e e
cHzccr | -{
CH2: Vop ZQQ_ =
Jr__JrJF_JF_JF_HJHL_JHLJHLJHL | nnlAnRnnah
cHzcc2 [ CH3: Vo [ L u = J i UL = ]
USB_OUT Short to Battery
DM S_hort to Battery VearT = 18V, CC1 to ground with a 5.1kQ
VearT = 18V resistor
2004/ ‘2 EEI[I\/‘/ 3 WEiEI\// 4‘ ‘ -6.000s 1.000s/ Stop 100w 2 100y 3 4 -5 280s 50008/ Stop
| ‘ i
CH1: USB
Jﬁ'\' e e CH1: USB
e SHIRNIRRARERNNN
CH2: VDp £y - [ frm - [ =
_JF i 1r 1 MM alm il
CH3: Vou |l CHZ2: Buck Zr“;""' L“""‘ L““‘ L""" M L"‘ l""‘ L" L‘
Vour N
4Ams/div. 4Ams/div.
USB_OUT Short-to-GND Entry USB_OUT Short-to-GND Steady
loutr = 3A State
5004/ ‘2 EDD\/‘/ 3 ‘ Q‘WDDA/ 0.0s 50008 [ Trigd? | 500V, 2 500v 3 4 2008/ -5.000s 1.000s¢
CH1: USB CH1: USB
CH2: V\N Fr! CH2: V\N of-
. ; [An CH4: | 1
CH4: lour [ M F
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mps MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin =13.5V, Vour = 5.1V, L =4.7uH, fsw = 420kHz with spread spectrum, CC1 to ground with a 5.1kQ
resistor, Ta = 25°C, unless otherwise noted.

USB_OUT Short-to-GND Recovery

QC3.0 Device Charging Test

lour = 3A Mobile phone plug in
600V, 2 BOOV 2 4 2008/ 0.0s 1.000% [ Trigd? | s00vs 2 200v 3 o200W 4 2008/ -25.00¢ 5.000s/ Stop
CH1: USB N
CH1: USB \ L
CH2: Vpp ol ' i .
cH2: Vi B I -‘1
= (]
//_ CH3: Vou 4] b M,‘
CH4: lour  J2* CH4: love 2
Apple Device Charging Test Voltage Mode Transition
Mobile phone plug in 5V to 9V to 12V to 5V
2008/ 2 200 3 200M/ 4 1004/ -5.000s 1.000s/ Stop 500v 2 200v 3 200w 4 -10.00s 2.000s¢ Stop
I f I I I I I ‘
. )
CHL-USBE 1 CH1: USB
CH2: VDp (2
| /-W b CH2: Vop [
CH3: Vpum i3 J
CH4: leve r ‘ CH3: Vou [
Voltage Mode Transition Voltage Mode Transition
5V to 9V, zoom in 12V to 5V, zoom in
500V 2 200w 3 200w 4 2600 000y Trigd 5.00v7 ‘2 ZUUV|/ 3 Z‘UUW 4| 2600: 2000 [ Trigd? |
CH1: USB CH1: USB
CH2: Vpp P CH2: Vpp 2
CH3: V, !
DM 2 CH3: VDM rr
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mps MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin =13.5V, Vour = 5.1V, L =4.7uH, fsw = 420kHz with spread spectrum, CC1 to ground with a 5.1kQ
resistor, Ta = 25°C, unless otherwise noted.

CH1: USB
CH2: Vpp

CH3: Voum

CH1: USB
CH2: Vpp

CH3: Vpwm

Adjusting Vgus in Continuous Mode
3.6V to 12V to 3.6V

|00y 2oz00vi 3 200 4 -2.500s 50008/ Stop

/ \

/ \

\
]

ol !
B .

Adjusting Vsus in Continuous Mode
12V to 3.6V, zoom in

1200V 2 o200vi 3200w 4 50.002/ Trig'd?

-56.00¢
v

-‘-H-"’H..‘_

e

N0

Case Thermal Test

Vin = 13.5V, USB = 9V, lout = 2A, measured
on 4-layer PCB, 57.4mmx57.4mm, top/bottom
layer: 20z, mid-layers 1 & 2: 10z, Ta = 25.3°C

FoC

CH1: USB
CH2: Vpp

CH3: Vpm

Adjusting Vsus in Continuous Mode
3.6V to 12V, zoom in

ooy 2200w 5 200v 4 23.00¢ 50.00% [ Trigd? |
-

Ly

ﬂvi

Case Thermal Test

Vin=13.5V, USB = 5.1V, lout = 3A, measured
on 4-layer PCB, 57.4mmx57.4mm, top/bottom
layer: 20z, mid-layers 1 & 2: 1oz, Ta = 22°C

Case Thermal Test
Vin=13.5V, USB = 12V, lout = 1.5A, measured
on 4-layer PCB, 57.4mmx57.4mm, top/bottom

layer: 20z, mid-layers 1 & 2: 10z, Ta = 24°C

MPQ4228-Q Rev. 1.0
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mP5 MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

FUNCTIONAL BLOCK DIAGRAM

IN
Current-Sense
veel veel Amplifier
Regulator L
: <
ouT Oscillator — Ej‘ ) %
VCCl
z []ssT
EN/SYNC [ Referencel —
Current Limit | HS
= Comparator Driver
o
FREQ [ ] A control | veel 7 sw
Logic T
S - LS
B [} Driver
Error Amplifier + ] GND
- OoVvP FB )
Line Drop Compensation PWM Comparator ] FLT
(5V Only) Fault —|
— Curent N = r
USB_IN [ i Sense .
Veer Vconn
Charge T T
Pump
UVLO \ 4
§< Discharge ccl
o CLont'roI Current
2 * ogic Limi
1% imit
) - >_> . _l_ cc2
OVP Comparator T = Type-C
Thermal Control
L vees Sense T
USB_OUT
vee2 [ Regulator REF2 Line Drop Reference and VCC2 Auto- bP
Compensation Slew Rate Regulator > .
(5V Only) Detection DM
Compen
ADJ [ -sation
NTC ENL .2v 2.7Vl 3.3v
|_‘ control Control
| S| | -
NTC EN1

Figure 1: Functional Block Diagram

1 uss_out
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mP5 MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

OPERATION
BUCK CONVERTER

The MPQ4228-Q integrates a monolithic
synchronous, rectified, step-down, switch-mode
converter with internal power MOSFETs and a
USB current-limit switch with charging-port auto
detection. The converter offers a compact
solution to achieve 3A of continuous output
current (lout) across a wide input supply range,
with excellent load and line regulation.

The MPQ4228-Q operates with fixed-frequency,
peak current mode control to regulate the output
voltage (Vour). The internal clock initiates the
PWM cycle, which turns on the integrated high-
side MOSFET (HS-FET). The HS-FET remains
on until its current reaches the value set by the
COMP voltage (Vcomr). When the HS-FET is off,
it remains off until the next clock cycle begins. If
the duty cycle reaches 96% (420kHz switching
frequency) in one PWM period, then the
MOSFET current does not reach the COMP-set
current value, and the MOSFET turns off. Under
light loads, the converter enters PFM mode to
achieve high efficiency.

Error Amplifier (EA)

The error amplifier (EA) compares the internal
feedback voltage (Ves) against the internal 0.8V
reference voltage (Vrer) and outputs Vcowe.
Vcome controls the MOSFET current. The
optimized internal compensation network
minimizes the external component count and
simplifies control loop design.

Internal VCC1 Regulator

The 5V internal regulator powers most of the
internal circuitries. This regulator can use either
the buck converter's Vour or input voltage (Vin)
as the supply voltage. When V\y is above 5V, the
regulator’s output is in full regulation. If Vin is
below 5V, the output decreases proportionately
with Vin. When Vour exceeds 4.75V, the VCC1
regulator is powered by Vour via the OUT pin to
minimize low-dropout (LDO) power loss. VCC1
requires an external 0.22uF to 1pF ceramic
decoupling capacitor.

EN/SYNC Control

EN/SYNC is a digital control pin that turns the
regulator on and off. Drive EN high to turn the
regulator on; drive EN low to turn it off. An
internal 500kQ resistor from EN/SYNC to GND

allows EN/SYNC to be floated, which shuts down
the chip.

The EN/SYNC pin is clamped internally with a
6.5V series Zener diode (see Figure 2). It is
recommended to connect EN/SYNC to IN and
GND with divider resistors. When selecting a
pull-up resistor, it must be large enough to limit
the current flow into EN/SYNC to less than
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 V\y exceeds 6V.

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

Logic

|
EN |
|
|

Figure 2: Zener Diode (6.5V Typical)

Connect a 200kHz to 2.2MHz external clock to
synchronize the internal clock. Under external
clock sync conditions, the MPQ4228-Q operates
at a fixed frequency without spread spectrum. It
is recommended to float the FREQ pin when
synchronizing the switching frequency (fsw) with
an external clock.

The MPQ4228-Q’s fsw can be adjusted via the
FREQ pin. When FREQ is pulled to GND, fsw is
420kHz with spread spectrum (£10% dithering)
and forced continuous conduction mode (FCCM).
When FREQ is floating, fsw is 420kHz with
spread spectrum (x10% dithering) and pulse-
frequency modulation (PFM) mode. When FREQ
is pulled to VCC1, fsw is 2.2MHz with spread
spectrum (£10% dithering) and FCCM (see
Table 1 on page 20).

MPQ4228-Q Rev. 1.0
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mP5 MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

Table 1: Switching Frequency Selection

FREQ Pin Operation Mode fsw
GND FCCM with spread 420kHz
spectrum
Floating PFM with spread 420kHz
spectrum
VCC1 FCCM with spread 2 9MHz
spectrum

Auto-PFM/PWM Mode (FREQ = Floating)

The MPQ4228-Q works in continuous
conduction mode (CCM) mode under heavy
loads. As the load decreases, the MPQ4228-Q
first enters discontinuous conduction mode
(DCM), and maintains a fixed frequency as long
as the inductor current (I.) approaches OA. If the
load is further decreased or there is no load that
drops the inductor peak current below the AAM
peak current threshold, then the MPQ4228-Q
enters pulse-skip mode (PSM) to further improve
the light-load efficiency.

Under very light loads or no load, Ves decreases
slowly and Vcome ramps up until it reaches Vaawm.
When the clock goes high, the HS-FET turns on
and remains on until Vi.sense reaches the value
set by Vcowe. When Vcowe < Vaawm, the internal
clock is blocked and the MPQ4228-Q skips
some pulses; this operation is called pulse
frequency modulation (PFM) mode. This control
scheme improves efficiency by scaling down the
frequency to reduce switching losses and gate
driver losses.

As lour increases from light-load conditions,
Vcomp and fsw also increase. If lour exceeds the
critical level set by Vcowp, then the MPQ4228-Q
resumes fixed-frequency PWM control.

HS Driver
— 1@

Figure 3: Auto-PFM/PWM Operation Control
Logic
Forced Continuous Conduction Mode (FCCM)
(FREQ = GND or VCC1)
The MPQ4228-Q works in forced continuous

conduction mode (FCCM) under all conditions.
The MPQ4228-Q operates with a fixed fsw,

regardless of whether it is operating under light-
load or heavy-load conditions. The advantages
of FCCM include a controllable frequency,
smaller output ripple, and sufficient bootstrap
charge time; however, it also has low efficiency
under light-load conditions. The selected
inductance must be such that it avoids triggering
the low-side MOSFET’s (LS-FET’s) negative
current limit (typically 3A from SW to GND). If the
negative current limit is triggered, then the LS-
FET turns off and the HS-FET turns on once the
internal clock cycle begins.

Frequency Spread Spectrum

The purpose of frequency spread spectrum is to
minimize the peak emissions at a specific
frequency. The MPQ4228-Q uses a 4kHz
triangle wave (125us rising, 125us falling) to
modulate the internal oscillator. The spread
spectrum operation frequency span is +10%
(see Figure 4).

A

fsw = 462kHz Fundamental

Frequency
fsw = 420kHz N A N \

NN /N VRN VRN
Nz NI N N NI

N |

fsw = 378kHz

i‘—250u5—-i

fsw = 2.42MHz Fundamental

/I Frequency,
fow = 2.2MHz A~ A N

NN /N VRN VRN
Nz NI N N NI

™ |

fsw = 1.98MHz

A\

i*—ZSOps—»i
Figure 4: Frequency Spread Spectrum

Connect FREQ to GND or float it for a 420kHz
fsw with frequency spread spectrum. Connect
FREQ to VCCL1 for a 2.2MHz fsw with frequency
spread spectrum.

Under-Voltage Lockout (UVLO)

Under-voltage lockout (UVLO) protects the
MPQ4228-Q from operating at an insufficient
supply voltage. The UVLO comparator monitors
Vin. The UVLO rising threshold is 3.7V, and its
falling threshold is 3.25V.

MPQ4228-Q Rev. 1.0
8/17/2021
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mP5 MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

Internal Soft Start (SS)

Soft start (SS) prevents the converter's Vour
from overshooting during start-up. When the chip
starts up, the internal circuitry generates a SS
voltage (Vss) that ramps up from OV to 5V. When
Vss is below Vgrer, the EA uses Vss as the
reference. When Vss is above Vrer, the EA uses
Vrer as the reference.

If the MPQ4228-Q’s output is pre-biased to a
certain voltage during start-up, then the IC
disables the switching of both the HS-FET and
LS-FET until the voltage on the internal SS
capacitor (Css) exceeds the internal Ves.

Buck Over-Current Protection (OCP)

The MPQ4228-Q has a cycle-by-cycle over-
current (OC) limit when the inductor peak current
exceeds the current-limit threshold and Ves
drops below the under-voltage (UV) threshold
(typically 50% below Vgrer). Once UV is triggered,
the MPQ4228-Q enters hiccup mode to
periodically restart the part. This protection mode
is especially useful when the output is dead-
shorted to ground. This greatly reduces the
average short-circuit current, alleviates thermal
issues, and protects the regulator. Once the
over-current condition is removed, the
MPQ4228-Q exits hiccup mode and resumes
normal operation.

Over-Voltage Protection (OVP)

The MPQ4228-Q detects an output over-voltage
(OV) condition through the FB pin. When Vour
exceeds 115% of the target voltage, the OVP
comparator output goes high. The device stops
switching and turns on the discharge resistor
connected between OUT and ground until Vour
falls below 105% of the target voltage.

Floating Driver and Bootstrap Charging

An external bootstrap capacitor powers the
floating power MOSFET driver. This floating
driver has its own UVLO protection. The UVLO
rising threshold is 2.2V, with a hysteresis of
150mV. The bootstrap capacitor voltage is
regulated internally by IN and VCCL1 through D1,
M1, C4, L1, and C2 (see Figure 5). The BST
capacitor (C4) voltage is charged up quickly by
VCCL1 through M1. The 1pA input to BST current
source also can charge C4 when the LS-FET is
turned off.

VCC

Turn on PMOS when

1
|
I
I
I
|
I
I
|
|
|
1
]
|
the LS-FET is turned on :

Figure 5: Internal Bootstrap Charging Circuit

Start-Up and Shutdown

If both IN and EN exceed their respective
thresholds, the chip is enabled. The reference
block starts first, generating a stable reference
voltage and currents, and then the internal
regulator is enabled. The regulator provides a
stable supply for the remaining circuitries.

Several events can shut down the chip: EN going
low, Vin going low, and thermal shutdown. During
the shutdown procedure, the signaling path is
blocked first to avoid any fault triggering. Then
Vcome and the internal supply rail are pulled
down. The floating driver is not subject to this
shutdown command.

Buck Output Discharge

The MPQ4228-Q includes an output discharge
function that provides a resistive discharge path
for the external output capacitor. Three
scenarios can trigger the output to discharge:

1. Vw falls beneath its UVLO threshold.
2. The part is turned off.
3. An output OV condition occurs.

If any of these scenarios occurs, then the
discharge path turns off once Vour drops below
0.5V or the maximum 200ms timer completes,
whichever occurs first.

USB CURRENT-LIMIT SWITCH
Under-Voltage Lockout (UVLO)

Under-voltage lockout (UVLO) protects the chip
from operating at insufficient supply voltage.
Once Vi exceeds the USB SW UVLO threshold,
there is a fixed delay time, and then the power
MOSFET starts up with a controlled slew rate.

MPQ4228-Q Rev. 1.0
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mP5 MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

EN1 Function

The EN1 pin turns the USB switch on and off.
ENL1 is active low. When ENL1 is pulled low, the
USB is enabled; when EN1 is pulled high, the
USB is disabled. By default, EN1 is pulled low by
an internal 1MQ resistor.

Pull EN1 high to disable the USB switch; pull
EN1 low to enable it. The buck output is still
active even when EN1 is high. The maximum
EN1 voltage is 4V.

Internal Soft Start (SS)

The internal soft start (SS) prevents Vour from
overshooting and from inrush current during
start-up.

Line Drop Compensation

The MPQ4228-Q is capable of compensating a
Vour drop, such as high impedance caused by a
long trace, to maintain a fairly constant 5.1V
load-side voltage. The line drop compensation is
only active at Vi = 5.1V. Line drop
compensation functions through the ADJ pin.

At a 3A output current, the MPQ4228-Q
increases the USB Vy by 170mV (see Figure 6).

Buck
Increase

|
|
|
|
|
|
|
|
I
|
|
|
3A

IOUT

Figure 6: Line Drop Compensation

The voltage on the ADJ pin (Vapj) slowly sinks a
controlled current, and the line drop
compensation amplitude increases linearly as
the load current increases.

Under no-load conditions, if the USB V is below
5.1V, then ADJ pin sinks a current to regulate the
upstream regulator’s Vour to 5.1V. If the USB Vin
is above 5.1V, then the MPQ4228-Q stops
regulating Vin. To achieve a 3.6V to 12V Vour
range, configure R1 and R2 to a default Vour
below 3.6V. It is recommended to set buck Vour
to 3.5V (i.e. R1 = 44.2kQ, R2 = 13kQ).

Figure 7 shows typical usage of the ADJ pin. The
ADJ pin’s sink current capability is 500uA. The
feedback current through R1 must be below
500pA.

ouT USB_IN

Cc2
I
R1
R5

R2

Figure 7: ADJ Configuration
Calculate R1 with Equation (1):
S AV(V)
0.5

Where AV is the output differential voltage value,
which is determined by the QC3.0 max voltage
minus the buck converter’s voltage.

R1(kQ) (1)

The ADJ sink current limits the maximum Vour,
and inserting R5 between the FB pin and the
ADJ pin can limits the maximum ADJ sink
current. With R5, the maximum output voltage
(Vout_max) can be calculated with Equation (2):

R1+R2//R5
R2//IR5

After adding R5, the maximum ADJ sink current
(laps_max) can be calculated with Equation (3):

VFB - VADJ_OFFSET (mV)
Ry(kQ)

V,

OUT_MAX (V)= x Vi (V) (2

laos ax (HA) = 3)

Where VADJ_OFFSET is about 100mV.

USB Input Over-Voltage and Discharge

The MPQ4228-Q has a smart OVP threshold for
different Vour values. The IC dynamically sets
the OVP threshold to 115% of the Vour target
value. A fast, accurate comparator monitors for
any OV conditions on the input. If Vin exceeds
the threshold, the input-to-ground discharge
path becomes active (the USB current-limit
switch is still enabled). When V\y falls below
5.52V, the IC exits OVP and resumes normal
operation.

Output Discharge

When a USB Type-C device is unplugged, both
discharge resistors (USB_IN and USB_OUT)
remain active for 30ms, then turn off. After they
turn off, the USB_IN-to-ground resistance and
USB_OUT-to-ground resistance is very large
(>72.4kQ).
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Over-Current Protection (OCP)

During normal operation, once the load current
reaches the current-limit threshold, the
MPQ4228-Q starts a 1.7ms counter. The device
does not limit loyt within this 1.7ms period (see
Figure 8).

Vour P

) lout (A)

Current
Limit

.l

|

|

|

|

|

|
g P

o
—

1.7ms
Figure 8: Over-Current Limit

If the over-current (OC) time exceeds the 1.7ms
timer, the USB channel enters hiccup mode, with
2ms of on time and 2s of off time.

If the OC signal disappears during the 1.7ms
period, then the MPQ4228-Q resets the counter.

If a short circuit occurs before start-up, the
MPQ4228-Q enters constant current limit mode
during SS. Once SS is complete, if the USB Vour
remains low then the MPQ4228-Q enters hiccup
mode.

In hiccup mode, the MPQ4228-Q turns off the
power MOSFET. The hiccup signal resets the
QC mode to 5V. ADJ changes Vin to 5V. After 2s
(the hiccup off-timer), the MPQ4228-Q restarts.
If the OC condition remains, the MPQ4228-Q
repeats this operation. If the OC condition has
been removed, then the MPQ4482-Q resumes
normal operation in 5V mode.

Short-Circuit Protection (SCP)

If the load current increases rapidly due to a
short circuit, the current may significantly exceed
the current limit threshold before the control loop
can respond. If the current reaches an internal,
secondary current limit level (about 10.5A), a fast
turn-off circuit activates to turn off the MOSFET.
This limits the peak current through the MOSFET
to limit the Vin drop. The typical fast-off response
time is 300ns. Fast-off keeps the MOSFET
turned off for 80us. After this time elapses, the
MOSFET turns on again. If the short-circuit
condition is still present, then the USB current-
limit switch treats it as an OC condition again and

enters hiccup mode. If the silicon die
temperature of the USB switch exceeds 165°C
in the condition, the USB current-limit switch
enters thermal shutdown. Once the short-circuit
condition is removed, the MPQ4228-Q recovers
automatically.

Short-to-Battery Protection

The MPQ4228-Q provides CC1, CC2, DP, DM,
and USB_OUT short-to-battery protections
when the IC is enabled and Vgus is on.
USB_OUT short-to-battery protection requires
parallel a Schottky diode when Vgys is off (see
Figure 9).

During a USB output short-to-battery condition,
the USB input triggers OVP, and the USB input
discharge path turns on.

During a CC1/CC2 or DP/DM short-to-battery
condition, the MPQ4228-Q can withstand high
voltage on the internal components. The ESD
breakdown voltage is significantly greater than
the battery voltage.

A CC1, CC2 short-to-battery can easily occur
when a Type-C port is connected with a cable
but no sink (the device is unattached).

Short Wire (Similar to USB Cable)

A short occurs
with the same Vgarr source
and a proper wire length

USB_OU
Vearr T

14V,

USB_IN
DP

L MPQ4228-
ey Q Qou

DC Power Supply

AY

cc1

cc2 )
GND Type-C device is
GND detached when CC1
& CC2 short to Vgarr

Figure 9: Short to Battery Set-Up

Fault Indication

FLT is the fault indication pin. FLT is an open
drain during shutdown, start-up, and normal
operation. It asserts (logic low) during USB over-
current/short circuitry, USB_IN over-voltage,
DP/DM/CC1/CC2 pin over-voltage (short to
battery), and over-temperature conditions.

FLT asserts low until the fault condition is
removed and the USB Vour goes back to high.
There is a 2ms deglitch timer during an over-
current (OC) condition to prevent a false FLT
trigger. The FLT signal is not deglitched during
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over-voltage (OV) (short to battery) or over-
temperature (OT) conditions.

Auto-Detection

The MPQ4228-Q’s USB dedicated charging port
(DCP) integrates an auto-detection function.
This function recognizes most mainstream
portable devices. It supports the following
charging schemes:

e USB Battery Charging Specification BC1.2/
Chinese  Telecommunications  Industry
Standard YD/T 1591-2009

e Apple 3A Divider Mode

e 1.2V/1.2V Mode

o USB Type-C 5V @ 3A Mode

o Quick Charge 3.0 Mode Class A

The auto-detection function is a state machine
that supports all of the DCP charging schemes
list above. The state machine starts in 3A divider
mode. If a BC1l.2 device is attached, the
MPQ4228-Q exits the 3A divider mode and
enters BC1.2 short mode. If the device supports
QC2.0 or QC3.0, then the MPQ4228-Q enters
quick charge mode. 1.2V/1.2V mode turns on in
a time window when the MPQ4228-Q enters
BC1.2 short mode. The MPQ4228-Q goes back
to 3A divider mode when the downstream device
releases a DP/DM line or is unplugged.

QC Mode Voltage Transition (Class A)

If the downstream device supports QC
specifications, then the device can require a Vour
above 5V by communicating with MPQ4228-Q’s
DP and DM pins (see Table 2). If a higher USB
Veus is required, then the ADJ pin needs to be
used to adjust the buck Vour. The ADJ pin is
typically connected to the feedback (FB) pin of
the upstream voltage converter. After the
handshake, ADJ adjusts Vour to 9V to 12V or
any other voltage step by step (200mV/step). In
smart controller mode, only one ADJ pin can set
a high voltage that meets QC specifications. The
Vour transition is smooth, and does not have any
voltage undershoot/overshoot. Figure 10 shows
the mode transition.

tGLITCHfoCHANGE tGLITCHfoCHANGE
[ !

|
DP =06V | DP=0.6V |
DM =GND | DM =0.6V |
|

12v
9V

5V

/

tv_NEw_

|
I
|
|
L
|
|
|
|
|
} | REQUEST

Figure 10: QC Mode Transition

Table 2 shows the QC mode definitions.
Table 2: QC Mode Definition
Portable
Device USB Bus Voltage
DP DM
0.6V 0.6V 12V
3.3V 0.6V | 9V

3.6V to 12V (200mV steps)
according to QC3.0

3.3V 3.3V No action
0.6V GND 5V

0.6V 3.3V

When the downstream device is removed, Vout
automatically returns to its default 5V. The input
to ground discharge resistor will help this
procedure quickly.

USB Type-C Mode and Vconn

For USB Type-C solutions, two pins on the
connector (CC1 and CC2) are used to establish
and manage the source-to-sink connection. The
general concept for setting up a valid connection
between a source and a sink is based on being
able to detect terminations residing in the
product being attached. To help define the
functional behavior of CC1 and CC2, a pull-up
(Re) and pull-down (Rp = 5.1kQ) termination
model is used, based on a pull-up resistor and
pull-down resistor (see Figure 11).

Source monitors Sink monitors for
for connection orientation

Source monitors Sink monitors for
for connection orientation

Figure 11: Current Source/Pull-Down CC Model
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Initially, a source exposes independent Rp
terminations on its CC1 and CC2 pins, and a sink
exposes independent Rp terminations on its CC1
and CC2 pins. This source-to-sink circuit
configuration represents a valid connection. To
detect this, the source monitors CC1 and CC2
for a voltage below its unterminated voltage. Rp
is a function of the pull-up termination voltage
and the source’s detection circuit. This indicates
that a sink, a powered cable, or a sink connected
via a powered cable has been attached (see
Figure 12).

- Vegus Source Vaus
Connection
Mux and Marked
CNTL Cable Vee Veonn
Detection,
PD «—> cold-Socket
&Veonn Re 5 CC1
Control <
| | (CC1)
CC2
VCONN
T
Rp cc2
GND

Figure 12: CC Pin Functional Block

Two special termination combinations on the CC
pins (as seen by a source) are defined for
directly attached accessory modes: Ra / Ra for
audio adapter accessory mode, and Rp / Rp for
debug accessory mode. Vour is disabled for both
of these cases.

1. The source uses a FET to enable and disable
power delivery across Veus (the source is
disabled initially).

2. The source supplies pull-up resistors (Rp) on
CC1 and CC2, and monitors both to detect a
sink. The presence of an Rp pull-down
resistor on either pin indicates that a sink is
attached. The value of Re indicates the initial
USB Type-C current level supported by the
host. The MPQ4228-Q default Rp is 4.7kQ,
which represents a 3A current level.

3. The source uses the CC pin pull-down
characteristic to detect and determine which
CC pin is intended to supply Vconn (When Ra
is detected).

4. Once a sink is detected, the source enables
Vsus and Vconn.

5. The source can dynamically adjust the value
of Rp to indicate a change in the available

USB Type-C current to a sink. For example,
at high temperatures, the MPQ4228-Q
changes Rp to 12.7kQ to indicate a 1.5A
current capability.

6. The source monitors Rp continually to detect
a sink detach event. When a detach event is
detected, the source removes Vgus and
Vconn and returns to step 2.

Disable Type-C Mode (Type-A Mode)

During initial start-up, the MPQ4228-Q sources
a 10pA current (typical) for 50us (typical) on the
CC1 pin. To enter Type-A mode, use a 97.6kQ
CCL1 resistor and a 0.976V CC1 voltage (Vcc).
Vcer must be within the Type-A mode voltage
detection range. The USB is latched at Type-A
mode until power is recycled. Type-C mode is
disabled, which means that the CC attach and
detach logic is also disabled and that Vgus is
always enabled. The current limit also changes
to Type-A specifications.

To trigger this mode, the external pull-down
resistor should be 97.6kQ. Do not connect extra
capacitors on the CC1 pin.

Negative Temperature Coefficient (NTC)
Thermistor and Load-Shedding

The MPQ4228-Q has a built-in NTC comparator
that allows the external device’s temperature to
be sensed via the thermistor mounted near the
device. This ensures a safe operating
environment and prevents any smoke or fire
from occurring due to an over-temperature (OT)
condition.

Connect a resistor from NTC to GND. Connect
the thermistor from NTC to VCC2.

If NTC is pulled to between 50% and 70% of Vcc2
before IN starts up, then the MPQ4228-Q enters
Type-C 1.5A mode. If NTC is pulled above 70%
of Vcez, then the MPQ4228-Q disables the USB
output and FLT pin is kept low.

In normal operation, once the NTC voltage
(Vnrc) exceeds 50% of Vcce, the USB port’'s CC
pin pull-up resistance (Rp) changes to 12.7kQ to
advertise its source capability (1.5A). The
internal Rp detection threshold also changes to
be between 0.4V and 1.6V, and the Ra detection
threshold changes to <0.4V. The current limit
does not change. The ADJ function remains
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operational even during the load-shedding
period. The line drop compensation function is
disabled when IC enters load-shedding.

When Vyrc falls to 24% of Ve, the USB Type-C
current capability changes back to 3A (Rp =
4.7kQ) and the MPQ4228-Q resumes normal
operation (see Figure 13). Once Vnrc rises to
70% of Ve, the MPQ4228-Q turns off the USB
switch and pulls FLT low. The USB switch turns
on when Vyrc falls to 60% of Vcco.

Load-Shedding

Load-Shedding Trigger TSP Trigger  1gp recovery Recover
very

70% of Ve,

60% of Veez

50% of Ve
Vnre

24% of Veea

Veus

-t .
-

Normal

Operation

Figure 13: NTC Trigger and Recovery

Internal Load-Shedding vs. Temperature

The MPQ4228-Q also has an internal thermal
sense function. The internal thermal sense
function is works in conjunction with the NTC pin.
If Vnte > 50% of Vccz, or the internal sensed
temperature > 145°C, the IC enters load-
shedding. Pull NTC pin low or float it to disable
the NTC function.

When the sensed temperature exceeds 145°C,
the USB port's CC pin pull-up resistance (Rp)
changes to 12.7kQ to advertise its source
capability (1.5A). The internal Rp detection
threshold changes to be between 0.4V and 1.6V,
and the Ra detection threshold changes to
<0.4V. The current limit does not change.

If the sensed temperature falls below 105°C and
lasts for 16s, then the USB Type-C current
capability changes back to 3A (Rp = 4.7kQ). The
line drop compensation function is disabled
when the IC enters load-shedding.

Thermal Shutdown (TSD)

Thermal shutdown prevents the chip from
operating at exceedingly high temperatures. If
the silicon die temperature of the USB switch
exceeds 165°C, the USB current-limit switch
shuts down. The CC pins’ functional block and
DP and DM pins’ functional block remains active.
Once the temperature falls below its lower
threshold (typically 145°C), the USB current-limit
switch is enabled and the IC resumes normal
operation.
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APPLICATION INFORMATION

Design Example for R1, R2, the ADJ Resistor,
and the RT Resistors

R1, R2, and the ADJ resistor are limited by the
ADJ sink capability and the maximum Vour.

The ADJ pin’s sink current capability is S00uA.
To achieve a 12V Vour during QC 3.0 mode and
to limit the feedback current flowing through R1
to below 500uA, R1 should be calculated with
Equation (1) (see page 22). AV is the output
differential voltage value, which is determined by
the QC3.0 max voltage minus the buck
converter’'s voltage. If the buck converter's
voltage is set to 3.5V, then R1 can be calculated
with Equation (4):

_AV(V) _12-35
0.5 0.5

R1 should be greater than 17kQ to provide an
8.5V buck Vour change (AV). It is recommended
to select R1 to be 44.2kQ. Calculate R2 with
Equation (5):

R1(kQ) —17kQ  (4)

V., xR1
Y Y

BUCK ~ VFB

R2(kQ) = (5)

For example, if Veuck = 3.5V, then R2 = 13kQ.

When R1 and R2 have been determined, the
ADJ current (laps) through R1 at 12V Vour can be
calculated with Equation (6):

_ AV(mV) 8500

os (HA) = R,(kQ)  44.2

=192uA  (6)

The maximum value of the ADJ resistor (R12)
can be calculated with Equation (7):
Vs _VAD.LOFFSET(V) B 0.792-0.1

R12(kQ) < -
Lo, 0.192

-3.6kQ(7)

RT + R1 is used to set the loop bandwidth. The
higher the value of RT + R1, the lower the
bandwidth. To ensure the loop stability, it is
recommended to limit the bandwidth to below
40kHz, based on the 420kHz default fsw. For R1
= 44.2kQ, RT can be 220kQ.

Selecting the Inductor

For most applications, it is recommended to use
an inductor with a DC current rating at least 25%
above the maximum load current. Select an
inductor with a small DC resistance for optimum

efficiency. Calculate the inductance (Li) with

Equation (8):

Vour X (Min = Vour)
V, XAl xf

osc

L, = 8

Where Al, is the inductor ripple current.

Choose the inductor ripple current approximately
30% to 50% of the maximum load current. The
maximum inductor peak current can be
calculated with Equation (9):

=1 +AIL

IL(MAX) LOAD 7 (9)

Selecting Buck Input Capacitor

The step-down converter has a discontinuous
input current, and requires a capacitor to supply
the AC current while maintaining the DC input
voltage. Use low-ESR capacitors for optimum
performance. Ceramic capacitors with X5R or
X7R dielectrics are highly recommended
because of their low ESR and small temperature
coefficients. For automotive applications, a
100uF electrolytic capacitor and two 4.7uF
ceramic capacitors are recommended.

Since the input capacitor (C1) absorbs the input
switching current, it requires an adequate ripple-
current rating. The input capacitor's RMS current
(Ic1) can be estimated with Equation (10):

V, V,

IN IN

The worst-case condition occurs at Vin =2 X Vour,
calculated with Equation (11):

I
loy = LOZAD (11)

For simplification, choose an input capacitor with
a RMS current rating greater than half of the
maximum load current.

The input capacitor can be electrolytic, tantalum,
or ceramic. When using an electrolytic capacitor,
place two additional, high-quality ceramic
capacitors as close to IN as possible.
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Estimate the input voltage ripple (AVi) caused
by the capacitance with Equation (12):

AV, = f loan % Vour % 1_& (12)
sw XCl Vi Vin

Selecting the Buck Output Capacitor

The device requires an output capacitor (C2) to
maintain the DC output voltage. Estimate the
output voltage ripple (Vour) with Equation (13):

AVOUT — fVOUT X l— VOUT X RESR + ; (13)
sw <Ly V 8xfg, xC2

IN

Where L; is the inductance, and Resg is the
equivalent series resistance (ESR) value of the
output capacitor.

For an electrolytic capacitor, the ESR dominates
the impedance at the switching frequency. For
simplification, the output ripple can be estimated
with Equation (14):

V V
AV, = —T x| 1-—2YT xR 14
ouTt f, L, ( Vin j ESR (14)

The characteristics of the output capacitor affect
the stability of the regulation system.

For applications, it is recommended to use a
100uF electrolytic capacitor with low ESR and a
10uF ceramic capacitor.

Setting Viv Under-Voltage Lockout (UVLO)

The MPQ4228-Q has an internal, fixed under-
voltage lockout (UVLO) threshold. The rising
threshold is 3.7V, while the falling threshold is
about 3.25V. If the application requires a higher
UVLO point, the external resistor divider
between EN/SYNC and IN can be used to
achieve a higher equivalent UVLO threshold
(see Figure 14).

Vi IN

EN/SYNC

R7

Figure 14: Adjustable UVLO Using the EN/SYNC
Divider

The UVLO rising and falling thresholds can be

calculated with Equation (15) and Equation (16),

respectively:

R4
\/IN_UVLO_RISING = (1+ m) x VEN_RISING (15)

R4
V =1+ —
IN_UVLO_FALLING ( 500KQ//R7

Where VEN_RISING is 1.4V, and VEN_FALLING is
1.25V.

When selecting R4, ensure that it is large
enough to limit the current flowing into EN/SYNC
to below 100pA.

Enhanced ESD Protection for I/0 Pins

High ESD levels should be considered for all
USB I/0 pins. The CC1 and CC2 pins satisfy the
+8kV IEC 61000-4-2 contact discharge ESD
rating, and the *15kV IEC 61000-4-2 air
discharge ESD rating. The DP and DM pins can
be configured to pass the +8kV IEC 61000-4-2
contact discharge ESD rating and the £15kV IEC
61000-4-2 air discharge ESD rating with a small
resistor and capacitor (see Figure 15). The
resistor must be at least 0603 in size, otherwise
it might be damaged in ESD test.

| cca
- | c7 O
l 2.2nF
Type-C =

CC Logic [ [7cC2 o

)X VEN_FALLING (16)

MPQ4228-Q

DM R1 100 0603

_[ C1

1nF
DCP l
DP R2 10Q 0603

_[ c2

InFT

Figure 15: Recommended I/O Pins for Enhanced
ESD
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PCB Layout Guidelines @

Efficient PCB layout is critical for standard
operation and thermal dissipation. A 4-layer PCB
layout is recommended to achieve good thermal
performance. For the best results, refer to Figure
16 and follow the guidelines below:

1. Place ceramic input capacitors as close to IN
and GND as possible, especially the small
package size (0603) input bypass capacitor.

2. Keep the connection between the input
capacitor and IN as short and wide as
possible.

3. Place the VCC1/2 capacitor as close to
VCC1/2 and GND as possible.

4. Make the trace length from VCC1/2 to the
capacitor to GND as short as possible. Use a
large ground plane connected directly to
GND.

5. Ifthe bottom layer is a ground plane, add vias
near GND.

6. Route SW and BST away from sensitive
analog areas, such as FB.

7. Place the T-type feedback resistor close to
the chip to ensure that the trace connected
to FB is as short as possible.

8. Ensure that the SW area is small to reduce
EMC radiated noise.

Notes:

9) The recommended layout is based on the Typical Application
Circuit (see Figure 17 on page 30).

Bottom Layer
Figure 16: Recommended PCB Layout

Top Layer
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TYPICAL APPLICATION CIRCUITS

Viy = 12V L2 2.2uH
VIN1
O Y'Y YN
1 cn Lcz2Lcis
Izan X 2:|:0.1uF:|:10uF
R34.7Q C4 I220n|: rl\_rlvélr.ZuH
16 115 R11 10Q _L C2A_L czsL c2c
0.1uFT 10 100pF
VINl “ BST Sw co |£(|)n': 1 u l wﬂl M
IN I cs8 = = =
ouT
léél F_L ClA _L ClB_L Cic , RT 20kQ 1l
I [ :|:4 7uF:|:4 7p|IO 1HF R4 J MPQ4228'Q FB VW YW
100keE R12 00 13kQ 492K
R8 36kQ ADI W
——w—a| EN/ USB_IN |4 usB
10kQ SYNC o B 3.6V to Viy x Max Dut
N Z AT USB_OUT ——T——|c5 : N y
s Lent ;mpp théolgo
8 AAAN
o Inte o IS W R13 100
2 0603 Type-
7 NS 10 cczr—
T R rrea cor
00 L— vCCl vccz c7 c10_| c11
= GND 47 F:[22nF 1nFI IlnF =
I J_l& 19, 21

Figure 17: Typical Application Circuit (Vin = 12V, USB Type -C 5V @ 3A DFP and QC3.0 Mode)

V|N =12v L2 2.2uH
N VINL
Loz L
Izan X ZIO 1|,1F:|:lOuF
R34.7Q C4/220nF L1 47uH
W
1 Il-" R11 10Q _L C2A _L CZBJ_+ c2c
0.1uF T 10 100uF
VIN1 “ BST S co ﬁ?nF 1 M 1 pF:_: M
IN I c8 || NS = = =
ouT |_
lO%JL-JF—L C1A _L ClB_L Ccic 5 RI,.%OKQ R
T T ims | MPQazzsQ me =0
100kQ < R12 00 R2 24.2k0
ADJ 13kQ 44
| R836KQ | =
— EN/SYNC USB_IN | use
- 3
Veo RQ#}OkQ 2 et USB_OUT T‘ 3.6V to Vin x Max Duty
i R R0 s Lent l:lOuF R14 10Q
3kQ [ 100k @ 25°C . DM n—0603
NTC 9 A R13 100
oP 22 Y0603 Type-
v R7 NS 10 cc2 -
Wy FRE!
CcC1 % Q CC1 P c10 o
VCC1 VCC2 1nFL
J__ GND cé R15 T toF =+
ATUF [ 97.6kQ = =
I J_m 19,21 I

Figure 18: Typical Application Circuit (Vin = 12V, USB Type -A Port and QC3.0 Mode)
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mP5 MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

PACKAGE INFORMATION
QFN-22 (4mmx4mm)
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mP5 MPQ4228-Q — STEP-DOWN CONVERTER WITH 1 USB CHARGING PORT, AEC-Q100

CARRIER INFORMATION

/OOOOOOOO

Reel H EE—
Dieaemeter P|n1 -’1 O 1 © 1 © 1 ©
ABCD ABCD ABCD ABCD

Part Number Package Quantity | Quantity/ | Quantity/ Reel Carrier Carrier
Description /Reel Tube Tray Diameter | Tape Width | Tape Pitch
MPQ4228GRE- QFN-22 .
Q-AEC1-Z (Ammx4mm) 5000 N/A N/A 13in 12mm 8mm
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