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MPQ4262

36V, 100W Buck-Boost Converter with

Integrated Low-Side MOSFETS and

an 1°C Interface for Automotive, AEC-Q100

DESCRIPTION

The MPQ4262 is a buck-boost converter with
two integrated low-side power MOSFETs (LS-
FETs). The device can deliver up to 100W of
peak output power at certain input voltage (Vin)
supply ranges with excellent efficiency.

The MPQ4262 is suitable for USB power delivery
(USB PD) applications. It can work with an
external USB PD controller through the I12C
interface. The I2C interface and one-time
programmable (OTP) memory provide flexible,
configurable parameters.

Fault condition protections includes CC current
limiting, output over-voltage protection (OVP),
and thermal shutdown (TSD).

The MPQ4262 requires a minimal number of
readily available, standard external components.
Itis available in a QFN-20 (3mmx5mm) package.

FEATURES

e 100W Buck-Boost Converter with Integrated
Low-Side MOSFETSs (LS-FETS)

e Integrated Gate Driver for High-Side Power
MOSFETSs (HS-FETS)

e 3.6V to 36V Start-Up Input Voltage (Vin)
Range

e Supports 2.8V Falling Vin when the Output

Voltage (Vour) > 3.5V

1V to 36V Vout Range

Up to 5A Output Current (lout)

Up to 98% Peak Efficiency

I2C-Configurable Reference Voltage (Vrer)

Range: 0.1V to 2.147V with 1mV Resolution

Accurate Output CC Current Limit: 5%

e Meets USB PD 3.0 with PPS Specification

e Selectable 280kHz, 420kHz, or 580kHz

Switching Frequency (fsw)

Selectable Forced PWM Mode or Automatic

PFM/PWM Mode

Output Bias VCC LDO for Higher Efficiency

Ground Short to Battery Protection

Line Drop Compensation via Rsens

I2C, Alert, and One-Time Programmable

(OTP) Memory

EN Shutdown Passive Discharge

e Output OCP, OVP, and Thermal Shutdown
Protection

e Available in a QFN-20 (3mmx5mm)
Package with Wettable Flank

e Available in AEC-Q100 in Grade 1

APPLICATIONS

e USB Power Delivery Hubs
e USB Power Delivery Charging Ports
e Wireless Charging

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 MPQ4262 — 36V, 100W, BUCK-BOOST WITH LOW-SIDE MOSFETS AND I°C, AEC-Q100

TYPICAL APPLICATION

Efficiency vs. Load Current
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mP5 MPQ4262 — 36V, 100W, BUCK-BOOST WITH LOW-SIDE MOSFETS AND I°C, AEC-Q100

ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating
MPQ4262GQVE-0000-AECT
MPQ4262GQVE-0001-AEC1 QFN-20
MPO4262GOVE-0002-AECL | (3mmxsmm) | S°€ Below 1
MPQ4262GQVE-xxxx-AEC1*

* For Tape & Reel, add suffix -Z (e.g. MPQ4262GQVE-xxxx-AEC1-Z).

** “xxxx” is the configuration code identifier for the register setting stored in the MTP.
The default number is “0000”. Each “x” can be a hexadecimal value between 0 and F. Work with an MPS FAE to
create this unique number, even if ordering the “0000” code.

TOP MARKING
MPYW
4262
LLL
E
MP: MPS prefix
Y: Year code
W: Week code

4262: Part number
LLL: Lot number
E: Wettable flank

PACKAGE REFERENCE

TOP VIEW
VIN BST1 HG1 EN VGATE
_1200 119l Tig] 170 e
; oo P .
| | | | | | | |
scL [ ) PR ——
— ; 15| PGND
sbA 2
AT [ e 14 swa
FBOIF L 13 sw2
ISEN- [ ]
I . w 12| PGND
ISEN+[6 | s —
AR R SRR
[ N A
17 18] 19} 10| i1
VOUT BST2 HG2 VCC AGND
QFN-20 (3mmx5mm) with Wettable Flank
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mP5 MPQ4262 — 36V, 100W, BUCK-BOOST WITH LOW-SIDE MOSFETS AND I°C, AEC-Q100

PIN FUNCTIONS

Pin # Name |Description

1 SCL I2C clock signal input.

2 SDA I2C data line.

3 ALT I2C alert pin. Open-drain output, active low.

4 FB Feedback pin. To set the output voltage, connect FB to the tap of an external resistor divider

from the output to AGND.
Negative node of the current-sense signal input. Place a current-sense resistor between

5 ISEN- | PGND and the output capacitor (Cout) at ground. Then connect the ISEN- pin to the PGND
side.
Positive node of current-sense signal input. Place a current-sense resistor between
6 ISEN+ |PGND and the output capacitor (Cour) at ground. Then connect the ISEN+ pin to the Cour
side.
7 VOUT Output voltage sense input. The VOUT pin provides the VCC supply under certain Vour
conditions.
Bootstrap. A 0.22uF capacitor should be Kelvin connected from the SW2 pin to the BST2
8 BST2 . ; . . . ;
pin to form a floating supply across the high-side switch driver.
9 HG2 High-side gate driver 2 output for the boost high-side switch (SWD).
10 VCC Internal 5V LDO regulator output. Decouple VCC with a 1uF to 4.7uF capacitor.
11 AGND Analog ground. Connect AGND to PGND, then connect AGND to the VCC capacitor’s

ground node.

Power ground. PGND requires additional consideration during PCB layout. Connect PGND
to ground with copper traces and vias.

Switch 2 node of the buck-boost. Connect SW1 to SW2 with a power inductor. Use a wide

12,15 PGND

13 SW2 PCB trace to make this connection.

Switch 1 node of the buck-boost. Connect SW1 to SW2 with a power inductor. Use a wide
14 SW1 . .

PCB trace to make this connection.

Gate driver pin to drive the external MOSFET. The external MOSFET provides ground
16 VGATE .

short to battery protection.
17 EN EN input. Apply logic high to enable the chip.
18 HG1 High-side gate driver 1 output for the buck high-side switch (SWA).
19 BST1 Bootstrap. A 0.22uF capacitor should be Kelvin connected from the SW1 pin to the BST1

pin to form a floating supply across the high-side switch driver.

Supply voltage for internal logic circuitry, but not for the power MOSFETs. Kelvin
20 VIN connect the VIN pin to the SWA MOSFET’s drain with a wide PCB trace. The VIN trace
cannot supply power to other DC/DC converters.
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mP5 MPQ4262 — 36V, 100W, BUCK-BOOST WITH LOW-SIDE MOSFETS AND I°C, AEC-Q100

ABSOLUTE MAXIMUM RATINGS @

Supply Voltage (Vin)....cevvvveeenennn. -0.4V to +40V
VSWIaenetieiiiie e -0.3V (-8V for <10ns)
..................... to Vi + 0.3V (+43V for <10ns)
VSW2 eevvveeriiiiines cevenennnn....-0.3V (-8V for <10ns)
.................. to Vour + 0.3V (+43V for <10ns)
NV BSTL/2 teeeeaee e Vswipe + 6V
Yo 11 1 -0.3V to +40V
VEN ittt -0.3V to +40V
VVCC i, -0.3V to +6V (+75V for 500}.18)
All other piNS..........evvviviiiiiiiiiiiiiins -0.3V to +6V
Continuous power dissipation (Ta = 25°C) @®)
QFN-20 (3MmX5mm).......cccceevieeeiiiiiiiiiiee e, 6w
Junction temperature ............cccccvvvieeennnn. 150°C
Lead temperature ............cceevvvevevveennennnnns 260°C
ESD Ratings @
Human body model (HBM) ............c..c...... +1.8kV
Charged device model (CDM)................... +750V
Recommended Operating Conditions @
Operating input voltage (Vin)........... 3.6V to 36V
Operating output voltage (Vour) ......... 1V to 36V
Output current and power .............. 5A or 100W

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

Thermal Resistance 6:;n Oic

EVQ4262-QVE-00A ®).......... 20.7....2.4...°C/W
QFN-20 (3mmx5mm) ©_....... 39.1.....2.5...°C/W

Notes:

1) Exceeding these ratings may damage the device.

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

3) HBM, per JEDEC specification JESD22-A114; CDM, per
JEDEC specification JESD22-C101. 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.

4) The device is not guaranteed to function outside of its operating
conditions. A 26V Vour is the default absolute OVP threshold
for MPQ4262-0000. If customer needs >23V output voltage,
Vout absolute OVP must be changed to 37V or disabled in
related suffix code part.

5) Measured on MPQ4262 test board, four layer PCB.

6) Measured on JESD51-7, 4-layer PCB. The value of 8, 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.
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mP5 MPQ4262 — 36V, 100W, BUCK-BOOST WITH LOW-SIDE MOSFETS AND I°C, 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
Supply current (shutdown) lg_stD Ven = OV 1 30 MA
No switching, I°C set OPERATION
Supply current (quiescent) s on, ENon, gFM mode 775 | 1230 1 WA
Iz I2C set OPERATION = off, EN on 130 250 MA
EN rising threshold Ven_rising | EN to enable switching 5% | 1.22 | +5% Y
EN hysteresis VEN_HYS 200 mV
EN pull-down resistor Ren EN =2V 2 3 MQ
Thermal shutdown ) Tsto 160 °C
Thermal hysteresis TsTp_HYs 20 °C
VCC regulator Vce Steady state 485 | 5.15 5.45 \%
VCC load regulation Vce_Loe lcc = 50mA 2 5 %
X&igpg‘t"r’ﬁgssﬁglgze Vec v |Vin = 12V, ramp Vour from 5V to 10V| 6.4 | 6.8 | 7.2 Y,
E/J\C/I‘_Jg?firsi‘ﬁgtﬁﬁgs'ﬁgf;“t Vee uvio. R 315 | 335 | 355 | V
x;gtgr\élgg threshold Vce_uvio_Hys 200 mV
Vin UVLO falling threshold VuvLo_vin 235 | 255 2.75 \%
Buck-Boost Converter
Switch B on resistance Rps_on_s 20 40 mQ
Switch C on resistance Rps_on_c 14 30 mQ
VEB1 -3% | 330 +3% mV
Feedback voltage VEg2 -2% | 500 +2% mV
VEs3 -1.5% 2 +1.5% \Y/
Output over-voltage
protection (OVP) rising VOUTovr_r 114% | 120% | 126% | Vrs
threshold
output VP falling VOUTove ¢ 105% | 110% | 115% | Ves
;iDSui';]%ut absolute OVP VOUTove ass ;’?\e/ OTP can set this value up to o 26 o8 Vv
Ouput sbsic OVP | VOUTor. oss | | v
Ven = 0V, Vswi = 36V, Vsw2 = 36V, 1
. Ty=25°C
Switch leakage SWike HA
Ven = 0V, Vswi1 = 36V, Vsw2 = 36V, 30
Ty =-40°C to+125°C
Hiccup off timer tHiccup Vout = 5V 400 ms
Oscillator frequency fswi T;=25°C 220 280 340 kHz
MPQ4262 Rev. 1.0 MonolithicPower.com 6
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mP5 MPQ4262 — 36V, 100W, BUCK-BOOST WITH LOW-SIDE MOSFETS AND I°C, 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
, fswz Ty, =25°C 340 420 500 | kHz
Oscillator frequency
fsws Ty, =25°C 480 580 680 | kHz
Frequency dithering span fsranGE 7.5 %
Output from 10% to 90%,
Soft-start time tss Vout = 5V, constant slew rate 1 ms
for other Vrer
Minimum on time @ toN_MIN_BT Boost SWC 180 ns
Minimum off time ) torF_miN Buck SWB 180 ns
loc1 OC threshold = 1A, 425 | 5 | 575 | mv
Rsens = 5mQ
ISENS OC threshold OC threshold = 3.6A
Bthed i ~1) 0
loc2 Rsens = 5mQ 5% 18 +5% | mV
Low-side B valley limit ILimiT2 i\;\gtch B, OXD3, bits D[7:6] = 13 A
Low-side C peak current limit lLimiTs i\;\gtch C, OXD3, bits D[7:6] = 15 20 A
Line drop compensation Vbrop lout = 1A 100 mV
Output discharge resistor RoiscHe 75 150 Q
Mode Transition Threshold
Eﬂg;%?g%to buck transition VMODE_TH2 Vin / Vout 120 %
ﬁ;;ﬁg;?:%? boost transition VMODE_HYS2 Vin/ Vour 82 %
High-side Gate Driver
Gate source current capability Is1 mvss sre | Vest-sw = 5.2V, 4.7nF load 0.8 A
™ Ins2_Hsa_src | Vest-sw = 5.2V, 4.7nF load 1.2 A
. Rhs1 Hs3 sre | VesT-sw = 5.2V 3 5 Q
Gate source resistance
Rhs2_Hsa_src | VesT-sw = 5.2V 2 3 Q
. . IHs1_HS3_SIN Vest-sw = 5.2V, 4.7nF load 1.8 A
Gate sink current capability ()
lHs2_Hs4a_sIN VesTt-sw = 5.2V, 4.7nF load 3.3 A
. . Rhs1 Hs3 sin | VBsT-sw = 5.2V 1 2 Q
Gate sink resistance
Rhus2_Hsa sin | VBsT-sw = 5.2V 1 2 Q
ALT pin leakage IALT_LkG VaLt = 5V 0.1 MA
ALT pin pull low resistance Raut 15 Q
MPQ4262 Rev. 1.0 MonolithicPower.com 7
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mP5 MPQ4262 — 36V, 100W, BUCK-BOOST WITH LOW-SIDE MOSFETS AND I°C, 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
I°C Interface Specifications @

Input logic high ViH 1.25 \%
Input logic low Vi 0.6 \%
Output voltage logic low Vout L 0.4 \%
SCL clock frequency fscL 400 1000 | kHz
SCL high time tHIGH 60 ns
SCL low time tLow 160 ns
Data set-up time tsu_pat 10 ns
Data hold time tHD_DAT 0 60 ns
fgrtr—]trfatr;rge for (repeated) start tsu_sTA 160 ns
E'c?rlr? rrt1|£1rr]1ed for (repeated) start o, STA 160 ns
Bus free time between a start teur 160 ns
and a stop command

Set-up time for stop command tsu_sto 160 ns
Rising time of SCL and SDA tr 10 300 ns
Falling time of SCL and SDA tr 10 300 ns
SP;ilks: width of suppressed tep 0 50 ns
Capacitance for each bus line Cs 400 pF
Power Good (PG) Indication

PG lower rising threshold VPG R L PG switches high 88.5% | 93% |98.5% | Vrs
PG lower falling threshold VpG_F L PG switches low 77% | 82.5% | 88% | Vrs
PG upper rising threshold Vec R H | PG switches low 115% [120.5% | 126% | Vrs
PG upper falling threshold Vee_FH | PG switches high 105% | 110% | 115% | Vrs
Short to Battery Protection

GND short to battery ISENS lsc OC threshold = 20A, 100 my
threshold Rsens = 5mQ

Short to battery retry delay tsc_rTY 70 ms
Gate pull-down resistance Rsc_pp 7 Q
Note:

7) Guaranteed by characterization.
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mP5 MPQ4262 — 36V, 100W, BUCK-BOOST WITH LOW-SIDE MOSFETS AND I°C, 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 Efficiency vs. Load Current
Vour = 5V, L = 4.7uH, Rpe = 8mQ, Vour = 12V, L = 4.7pH, Rpe = 8mQ,
fow = 420kHz, CCM, R =5mQ fow = 420kHz, CCM, R =5mQ
100 sSw SENSE 100 SW SENSE
— T ——
L 95 g 95
>.
O 90 5 90
Z 1
i =z
O 85 w g5
(@] O _
i 2 ——VIN=9V
LL
&L 80 L 80 VIN=12V
75 75 VIN=16V
70 70
0 2 4 6 0 2 4 6
LOAD CURRENT (A) LOAD CURRENT (A)
Efficiency vs. Load Current Efficiency vs. Load Current
Vour = 9V, L = 4.7uH, Rpe = 8mQ, Vour = 15V, L = 4.7uH, Rpe = 8mQ,
fow = 420kHz, CCM, R =5mQ fow = 420kHz, CCM, R =5mQ
100 SW SENSE 100 SW SENSE
~ - —— — ,\
S S 95
> >
O 90 0 90
P 1 =z
5 es | Y &5 —VIN=OV
@) @)
E e \/IN=9QV E VIN=12V
w80 VIN=12V w80 VIN=16V
75 VIN=16V 75 VIN=20V
70 70
0 2 4 6 0 2 4 6
LOAD CURRENT (A) LOAD CURRENT (A)
Efficiency vs. Load Current Line Regulation
Vour =20V, L = 4.7uH, Rpe = 8mQ, Vour = 5V, Vg measured between VOUT
fsw = 420kHz, CCM, Rggnse = 5mQ and GND2
100 0.5
—_ — < 04
S B S o3
> 0
>
o 5 O'é | |
2 ——VIN=12V 3 o1 AT | |
w | VIN=16V x -02 -
[EN | VIN=20V z :g'i IoUT=5A |
5 -o.
70 G 0.5 \ |
0 2 4 6 0 10 20 30 40
LOAD CURRENT (A) INPUT VOLTAGE (V)
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mP5 MPQ4262 — 36V, 100W, BUCK-BOOST WITH LOW-SIDE MOSFETS AND I°C, AEC-Q100

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

Load Regulation Case Temperature Rise
Rsense = 5MQ, no line drop compensation, Viy = 12V, Vgoyr = 5V, fgy = 420kHz, based
L Vour Measured between VOUT and GND2 G 50 OO 6cmx6em board, L = 4.7uH, Rpc = 8mQ
< T
g o8 W | ——MPQ4262 ,
z 0.6 iz SWA /
O 04 w | AL | ]
S ] P Inductor
D 0 | ‘ | < 15 | 1 | ‘ 777777
Q 02 F ——vouT=sv T i 10 ‘
x -04 | a
o VOuT=12V > /
o 06 w5 ==
- -0.8 [ VOUT=20V E ‘
-1 ‘ 2 0
0 2 4 6 O 0 2 4 6
LOAD CURRENT (A) LOAD CURRENT (A)
Case Temperature Rise Case Temperature Rise
Viy = 12V, Vour = 12V, fg,, = 420kHz, Vi = 12V, Vour = 12V, fg, = 420kHz,
based on 6cmx6cm board, L = 4.7puH, based on 6cmx6cm board, L = 4.7uH,
Rpc = 8mQ . Rpc = 8mQ
w25 O 25
g ——MPQ4262 ‘(LH’ ——MPQ4262
w 20 f swa T 2 20 |- SWA —
S SWD w SWD
AU ( x 15 |- Inductor 2" ]
d QO Inductor =
Tl B ¥ 10— —
= L
@ .
5 [ [ 5 I —
. E |
S o n o
0 2 4 6 S o 2 4 6
LOAD CURRENT (A) LOAD CURRENT (A)
CC/CV Curve — Line Drop Compensation vs.
z Load Current
6 — 700
S 5 O 600 1
L ':: |
g 4 @ 500 . 100mMV@3A
= & 400 300mMV@3A |
o 3 2 600mV@3A
> S 300 ‘
g 2 =T é.) 200 |——
|_
3 1 _— % 100 |2 L
0 T 2 o0 E il
0 2 4 6 3 0 2 4 6
LOAD CURRENT (A) LOAD CURRENT (A)
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mps MPQ4262 — 36V, 100W, BUCK-BOOST WITH LOW-SIDE MOSFETS AND I°C, AEC-Q100

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

Bode Plot Bode Plot
Vout = 5V, lout = 5A, BW =12kHz, Vour = 12V, loyr = 5A, BW =10kHz,
PM = 78deg PM = 72deg
180 80 180
@ > S
T40 120 @ % - 120 @
- —T T T\ = =40 =
@ 20 it 60 Z 00 I 60 2z
x \ O 5 \ 0]
< A x & 0 0 x
s 0 0 < < \ \ <
£ 20 U\ 60 > =20 60 .
e — . - - w
& Gain N %) <00 | Gain v 2
40 120 < 3 L 120 T
——Phase E -60 I~ ——Pphase
-60 ' -180 -80 : -180
1 10 100 1000 1 10 100 1000
FREQUENCY (kHZz) FREQUENCY (kHz)
Bode Plot
VOUT =20V, IOUT =5A BW :7.5kHZ,
PM = 63deg
80 200
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340 - 100 ©
Z 20 T~ - 50 z
& TN 0 F
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Z - VN 200w
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mps MPQ4262 — 36V, 100W, BUCK-BOOST WITH LOW-SIDE MOSFETS AND I?C, AEC-Q100

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

Output Voltage Ripple Output Voltage Ripple
Vout =5V, load = 0A Vout =5V, load = 5A
I%M 5”"”\’/ “D oV 3 590\/"{ mﬂf’ 21”[:# Jnis' Aum‘ %m EEI'm\// 'm v a' auu\//‘{ £00A! EDDD:S/ I]Els' Amu'
G40 -— 4 a 3 = — —
CH2: SW1 CH2: Sw1
CH3: SW2
i .00 CH3: SW2 ) gy e . S, i
Fo /\ ﬁ\ /\ ’\ A /\ CH4: | 0.0
CH4: I, VU W 7 “W % N sl
Output Voltage Ripple Output Voltage Ripple
Vout = 12V, load = 0A, fsw decreased to half its Vout = 12V, load = 5A, fsw decreased to half its
value in buck-boost mode value in buck-boost mode
ﬁ S0/ 100w/ 3 10.0v/ 4 20047 2.000us! 0.0s Auto E 200mv/ 10.0% 3 10.0%F 4 5.004¢ 2.000usf 0.0s Auto
53,6V Vl A\ } hd l A ‘ [40.0v V‘ A J A ‘ A
2 WO s W I P N NP s W NP W EETC O = A 1 . N N *J—
CH2: SW1 CH2: Sw1 Eﬁ
CH3: SW2 j P
CH4: I %“\ 'h \ \ IF“\ 'Fﬁh =
) sy EFC) daldy sald CH4: IL ERL b0 o dio 5.00us
Output Voltage Ripple Output Voltage Ripple
Vout = 20V, load = 0A Vout = 20V, load = 3A
- 100 10.0v 3 20,07 4 2004/ 2.000usf 0.0s Auto E 200mv/ 10.0% 3 20.0F 4 5,004/ 2.000us! 0.0s Auto
m 130y V| i V‘ Ad Y Y hd V
s fzms
CH2: SW1 CH2: Sw1
| CH3: SW2 } :
CH3: SW2 _s00n %j'\vj\vh "N/\"‘V AV"*V/
CH4: I, 0 snnmﬁ\ /\ JA A A I\ f\ / CH4: I, ol =1
W VIV V V V A2 S
oo, i, ol s, s.0bes o s ko L bos och
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =12V, Vour =5V, L =4.7uH, fsw = 420kHz, forced PWM mode, Ta = 25°C, unless otherwise noted.

I2C Operation On
Load = 5A

I2C Operation On
Load = 0A

: 500V/ 0 o0V 3 s00v/ 4 200A 1.000msf 0.0s Trigd? E s00vi 2o 0ow 3 100v/ 4 500A/ 1.000ms/ 0.0s Trigd?
10,0V 35.2A A ‘
EO.D
CH2: Sw1 CH2: SW1
CH3: SW2
| &
CH3: SW2
1
CH4: |L CH4: |L
4.00n -2.00n I _4.00m
I2C Operation Off I2C Operation Off
Load = OA Load = 5A
E 500v/ 2 100w 3 00V, 4 2004/ 10.00ms/ 00s Trig'd? E s00v 2 waov/ 3 100v 4 s00A&/ 50.00us/ 0.0s Trigd?
CH2: SWi CH2: SW1
CH3: sw2
CH3: SW2
CH4: I, CH4: I
1} a0 % 2odus |
EN Pin Enabled EN Pin Enabled
Load = 0A Load = 5A
Ev s00v/ 2 100w 3 00V 4v 5004 2.000ms/ 00s Stop g‘u 500V 2 oV 3 500V 4' 5004/ 2.000ms! 0.0s Stop
CH2: SW1 . _l CH2: SW1 . #l
T-lEI.S T—IU.S
N N
CH3:EN  [eF CH3: EN H I
CHA L CH4: I
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =12V, Vour =5V, L =4.7uH, fsw = 420kHz, forced PWM mode, Ta = 25°C, unless otherwise noted.

EN Pin Disabled EN Pin Disabled
Load = 0A Load = 5A
Q_w v TA 2004/ oA/

_ o
CH2: sw1

CH3: EN

CH3:EN [

CH4: 1. | CH4: 1
aolon o enke
Input Start-Up Input Start-Up
Load = OA Load = 5A
ﬁ 500v/ Do00ve 3 500V, 4 500A/ 2000ms/ 00s Stop § S00v DoV 30 500V 4 S00A/  2.000me/ 0.0z Stap

cH2 sw1 B _l cH2zswi B —'#
1- B -10.6

/ ‘
CH3:sw2 o L | CH3: SW2 |

CH4: I ot CH4: I F L
—3.00n —4.00n 0l0 4.00n 2.0 —&.00n

.
> ;i'\

L

Input Shutdown Input Shutdown
Load = 10mA Load = 5A
! ™ E S0V A
cHzswi | CH2: SW1 #
CH3:sw2 o~ CH3: SW2
CH4: I, CH4: I ==t
L L o | Lol
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =12V, Vour =5V, L =4.7uH, fsw = 420kHz, forced PWM mode, Ta = 25°C, unless otherwise noted.

CH4: lout

CH4: lour

CH2: Sw1

CH3: Vin
CH4: I,

Load Transient Response
Vin =12V, Vout =5V, lout = 0A to 2.5A,
150mA/us

E S00mv/ 3 4 1004 2000us! 536 0us Auto

700 Y

-~

Load Transient Response
Vin = 12V, Vout = 20V, lout = 0A to 2.5A,
150mA/us
E 500/ 3 4 2004 2000usf  518.0us Auto
EXE A\l
—Eﬁ.n —
L N
e, b s by .

Input Voltage Transient Response
Vin = 14V to 35V, Vout =5V, load = 0A

S0m'v/

35.00

200V 3 200W 4 5004 5000ms/ 9300ms Stop

IR —

L

CH4: lout

CH4: lout

CH2: SW1

CH3: Viy
CH4: I

Load Transient Response
Vin =12V, Vout =5V, lout = 2.5A to 5A,
150mA/us

500mV/ 3 4 200A  2000usf  -536.0us Auta
hd

14.00

>

ok
Load Transient Response
Vin = 12V, Vour = 20V, lout = 2.5A to 5A,
150mA/us
¥ S00m'v/ 3 4 200A 2000us/  518.0us Stop
250 WY A4 Al Y
lé‘s'.'é. - ¢
Lo j! 1\
s
47 2.52
—% 11 51 91% 1.38ns

Input Voltage Transient Response
Vin = 14V to 35V, Vout =5V, load = 5A

S/

nov 3 200 4 5004 50.00ms/  93.00ms Stop
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =12V, Vour =5V, L =4.7uH, fsw = 420kHz, forced PWM mode, Ta = 25°C, unless otherwise noted.

Input Voltage Transient
Vin = 14V to 35V, Vout = 20V, load = 0A
200mvy 2 200V 30 200w 4 5004 5000ms/  93.00ms Stop

CH2:sw1 |4 CH2: SW1
L

CH3: Vin CH3: Vin

CH4: I CH4: I,

Output Voltage Transition
Vout = 5V to 20V, lout = 0A

35.08

20.0 . ‘

CH2: sSw1 [“

’ CH2: SW1
- |
CHasw2 |

CH3: SW2

a0v 0 100V, 30 200W 4 500A/  5000ms/ 4 B30ms Stop
A

CH4: I,
Output Voltage Transition
Vout =5V to 20V, lout = 3A
E 20.0%F 2 10.0% 3 2007 4 5.004/ 6.000ms/  4.680ms Stop
18.8 |
CH2: SW1 CH2: SW1
CH3:sw2 CH3: SW2
' CH4: I,
CH4: I,

Input Voltage Transient
Vin = 14V to 35V, Vout = 20V, load = 3A

s00mv/ 2 200vi 3 200 4 A00AY  1000ms/ 184.0ms Stop
S tenv | r ‘ ‘{ ‘ ‘
1275 L o= = -

| [
L]

Output Voltage Transition
Vout = 20V to 5V, lout = 0A

a0 200w 30 200v

Ad

4 2004 2000ms/  4.680ms Stop

14.0A ‘

12.0 ‘

Output Voltage Transition
Vout = 20V to 5V, lout = 3A

5a.av

0V 2oy 30 200V

v

4 A00AF  2000ms/ 4680ms Stop

MPQ4262 Rev. 1.0 MonolithicPower.com

11/11/2021

16

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

© 2021 MPS. All Rights Reserved.



|MPS CONFIDENTIAL AND PROPRIETARY / NO COPIES OR DISTRIBUTION WITHOUT MPS PERMISSION
mps MPQ4262 — 36V, 100W, BUCK-BOOST WITH LOW-SIDE MOSFETS AND I?C, AEC-Q100

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

CC Entry CC Recovery

CV load = 4V, CC limit = 5.4A CV load = 4V, CC limit = 5.4A

g 200 2 100v/ 3 500V 4 SO00AY 1000ms/ 005 Stop 200 2 0O 3 E00v 4 A00A/ 50.00ms/ 0.0s Stop
:m.o\./ ‘ ‘ ‘ _ _.“-L__.I ‘ ‘ l [20.0V ‘ ‘ ‘ ¥ | ‘ ‘ ‘

250

F—| CH2: sSW1

CH2: Sw1
CH3: SW2
CH3: SW2
CH4: I, CH4: I
Short-Circuit Protection Entry Short-Circuit Protection Recovery
500v 2 100V 3 AOOW 4 10047  100.0usf  198.0us Stop § s0ovy  2oooows 30 s00vA 4 1004 2000ms/  198.0us Stop
CH2: sSw1 [ T CH2: Sw1 i i
CH3: SW2 = W CH3: SW2 E” .
\\ 10.0
""""h-_
CH4: I, “T“"‘" CH4: I, n
— — — — ——— e —
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FUNCTIONAL BLOCK DIAGRAM

2
VIN rc SW1 SW2
Register
Slew ¢ * *
) Rate
vce Bias and Voltage <
EN Regulator Reference DAC PLL and Oscillator
L v BST2 VCC
vce Vrer
———W— — VIN
: T Eggﬁg{?ﬁ >t BST1
vouT[ }— H Discharge Ve T
S ton / torr HG1
L L + and Dither [ |
EB [J - - e VCC
Over-Voltage Error Amplifier ouT SWi1
Comparator . VIN
CoLr:]neeEer?ion PWM [ | Dlr_i‘?e’ _|
— OvpP p Comparator
REFO h Buck-
—W— Boost
——e _ Control ] PGND
Isens Logic |vcc
ISEN+ 1+ —l_
- LS
_ | CC Current cc » | Driver __|
ISEN- p— Limit
REF |_ SW2
12C
DAC |e—— ;
VGATE Register HG2
| ]
I
BST1——] Bootstrap r
vcc —1_Regulator < BST2
= PG_REFO |}
SCL — -
2 . EB 1°C Register
SDA I°C Register and OTP -5 > Status
ALT +
PG_REF1
AGND
Figure 1: Functional Block Diagram
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OPERATION

The MPQ4262 is a buck-boost converter with
integrated low-side MOSFETs (LS-FETs). The
device works with a fixed frequency for buck,
boost, and buck-boost mode. A special buck-
boost control strategy provides high efficiency
across the full input range and smooths the
transient response between different modes.
Figure 1 on page 18 shows the internal block
diagram.

Buck-Boost Operation

The MPQ4262 can regulate the output voltage
(Vour) to be above, below, or equal to the input
voltage (V). Figure 2 shows a buck-boost
power structure with one inductor and four
switches (SWA, SWB, SWC, and SWD).

Vin Vout
SWA_| E H I_SWD
SwWi SW2
L L
o =
|
| |

Figure 2: Buck-Boost Topology

Buck mode, boost mode, and buck-boost mode
can have different Vi inputs (see Figure 3).

Boost Buck-Boost Buck

SWA on, SWB off, All FETSs
SWC and SWD Switch
switch

SWD on, SWC off,
SWA and SWB

Vo.ser switch

Viy Voltage

Boost Boost Buck Buc
Dmax Threshold Threshold Dwin

Figure 3: Buck-Boost Operation Range

Buck Mode (Vin > Vour)

When Vv exceeds Vour, the MPQ4262 works in
buck mode. In buck mode, switch A (SWA) and
switch B (SWB) switch for buck regulation.
Meanwhile, switch C (SWC) is off, and switch D
(SWD) stays on to conduct the inductor current

(I).

In each buck mode cycle, SWA turns on first
when the FB voltage (Ves) drops below the
reference voltage (Vrer). After SWA turns off,
SWB turns on to conduct I. until it triggers the

COMP control signal. By repeating this operation,
the converter regulates Vour.

Boost Mode (Vin < Vour)

When Vi is below Vour, the MPQ4262 works in
boost mode. In boost mode, SWC and SWD
switch for boost regulation. Meanwhile, SWB is
off and SWA stays on to conduct the inductor
current.

In each boost mode cycle, SWC turns on to
conduct I.. When I rises and triggers the control
signal on the COMP pin, SWC turns off and SWD
turns on for the current freewheeling period.
Then SWC turns on and off repeatedly to
regulate Vour in boost mode.

Buck-Boost Mode (Vin = Vour)

When Vy is almost equal to Vour, the converter
cannot provide enough energy to the load in
buck mode due to SWA’s minimum off time. In
boost mode, the converter supplies too much
power to the load due to SWC’s minimum on
time. Under these conditions, the MPQ4231C
adopts buck-boost control to regulate the output
(see Figure 4).

SW
tauck-on
|
|
|
||_ |
|
|
I

|
|
SW2 | QI_IG

teoosT-oN

W

teuck-soosT tsuck-8oosT

Figure 4: Buck-Boost Waveform

If Vin is almost equal to Vour, buck-boost mode
activates. One boost switching period is inserted
into each buck switching period. The MOSFET
turn-on sequence is as follows:

1. SWA and SWD
2. SWA and SWC
3. SWA and SWD
4. SWB and SWD

Throughout this process, I. can reach the COMP
voltage requirement, and supply enough current
to the output.

MPQ4262 Rev. 1.0
11/11/2021

MonolithicPower.com 19
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2021 MPS. All Rights Reserved.



|I\/IPS CONFIDENTIAL AND PROPRIETARY / NO COPIES OR DISTRIBUTION WITHOUT MPS PERMISSION |

mP5 MPQ4262 — 36V, 100W, BUCK-BOOST WITH LOW-SIDE MOSFETS AND I°C, AEC-Q100

Mode Selection

The MPQ4262 works with a fixed frequency
under heavy-load conditions. When the load
current decreases, the MPQ4262 can work in
forced continuous conduction mode (FCCM) or
pulse-skip mode (PSM) based on the MODE
register setting.

Forced Continuous Conduction Mode
(FCCM) or Forced Pulse-Width Modulation
(PWM) Mode

In forced continuous condition mode (FCCM),
the buck on time and boost off time are
determined by the internal circuit to achieve a
fixed frequency based on the Vv / Vour ratio.
When the load decreases, the average input
current drops, and I. may go negative from Vour
to Vi during the off time (SWD on). This forces
the inductor current to work in continuous mode
with a fixed frequency, producing a lower output
voltage ripple than in PSM mode.

PSM and Automatic PFM/PWM Mode

In power-save mode (PSM), once I, drops to OA,
SWD turns off to prevent the current from flowing
from the output to GND, forcing I. to work in
discontinuous  conduction mode (DCM).
Simultaneously, the internal off time clock
becomes longer once the MPQ4262 enters
DCM. The frequency drops when the inductor
current conduction period decreases, which
reduces power loss and the output voltage

ripple.

If Vcomp drops to the PSM threshold, the
MPQ4262 stops switching to reduce switching
power loss. The MPQ4262 starts switching once
Vcowe rises above the PSM threshold. The
switching pulse skips are based on Vcome under
light-load conditions. PSM has a much higher
efficiency than FCCM with light loads, but the
output voltage ripple may be higher due to the
group switching pulse.

Power Supply

The MPQ4262’s internal circuit is powered by
VCC, including the driver gates. When Vi is
supplied power and EN is high, the MPQ4262
tries to regulate Vcc at 5V. Vcc and BST have
separate  under-voltage lockout (UVLO)
thresholds that keep the gate signal off.

If Vin and Vour both exceed 8V, the MPQ4262
powers VCC from the lower voltage source to

reduce power loss. Otherwise, the MPQ4262
powers VCC from the higher voltage power
source between Vi and Vour. Both VCC and
BST should have sufficient voltages to enable
MPQ4262 switching.

EN Control

The MPQ4262 has an enable control pin (EN).
Pull EN high to enable the IC. Pull EN low or float
EN to disable the IC.

The EN pin is a high-voltage pin that can be
connected to VIN directly or through a resistor.
An EN resistor divider can determine Vi\'s on
and off thresholds. It is recommended to use a
resistor when using an external analog signal to
control EN (see Figure 5).

VIN

Figure 5: EN Connection

Under-Voltage Lockout (UVLO)

Under-voltage lockout (UVLO) protects the chip
from operating at an insufficient supply voltage.
The UVLO comparator monitors the input and
VCC voltage. The MPQ4262 is enabled when
Vce exceeds its rising UVLO threshold; the
MPQ4262 stops working when either Vi or Ve
fall below their UVLO falling thresholds.

Internal Soft Start (SS)

Soft start (SS) prevents the converter output
voltage from overshooting during start-up. When
the chip starts up, the internal circuitry generates
an SS voltage (Vss) that ramps up from 0V to 5V.
When Vss is below Vger, the error amplifier uses
Vss as the reference. When Vss exceeds Vger,
the error amplifier uses Vrer as the reference.

If the output of the MPQ4262 is pre-biased to a
certain voltage during start-up, the IC disables
the switching of both the high-side and low-side
switches until the voltage on the internal SS
capacitor exceeds the internal feedback voltage.
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CC Mode Over-Current-Protection

The MPQ4262 senses the ground current by the
ISEN+ and ISEN- pins. If the output current (lour)
exceeds the set current limit threshold, the
MPQ4262 enters constant current limit mode
(CC mode). In CC mode, the current amplitude
is limited. After the load resistance is reduced,
Vour drops, and Vg falls below the under-
voltage (UV) threshold (about 40% below Vger).

If a UV condition is triggered and Vour is below
3V, the MPQ4262 enters hiccup mode to
periodically restart the part. This protection is
useful when the output is dead-shorted to
ground. This greatly reduces the average short-
circuit current, alleviates thermal issues, and
protects the regulator. The MPQ4262 exits
hiccup mode once the over-current (OC)
condition is removed.

Switching Current Limit

The MPQ4262 senses the LS-FET current in
loop control, then provides the valley current limit
in buck mode, as well as the peak current limit in
boost mode for each cycle-by-cycle switch. In
buck mode, the next period does not start before
I drops to the valley current limit. This folds back
the frequency when the valley current limit is
triggered.

Based on the cycle-by-cycle switching current
limit, the MPQ4262’s maximum input current in
buck mode can be calculated with Equation (1):

@

o (A) = Vour , nx(ValleyCurrentLimit(A) + Viv=Vour_ Vour 40

Viu 2xL(uH)x f(kHz) V),

Where n is the efficiency. The maximum input
current in boost mode can be estimated with
Equation (2):

\/\N VOUT — VlN x10° (2)

| A) =PeakCurrentLimit(A) —
s () A < fkiz) v,

Typically, the buck valley current limit is 13A,
while the boost peak current limit is 15A. These
limits can be configured by the I°C register
(0xD3, bits D[7:6]).

Output Over-Voltage Protection (OVP)

The MPQ4262 has output over-voltage
protection (OVP). If Vour exceeds 120% of Vrer,
the switches (SWA, SWB, SWC, and SWD) turn
off. A resistor discharge path from the VOUT pin
to ground turns on. When the feedback output

voltage drops to 110% of Vger, the chip returns
to normal operation.

The absolute output OVP threshold can be
configured from 26V or 37V, and the default is
26V. Absolute OVP can be disabled by setting
OUTPUT_OVP_EN to 0. A discharge resistor
turns on when the absolute OVP threshold is
triggered. If the output is biased by an external
power supply, the output reverse current should
be below 1.5A.

Gate Driver and BST Power

The MPQ4262 provides two N-channel
MOSFET gate drivers for the H-bridge
MOSFETs. Each driver can source and sink
current. In buck mode, HG1 switches while HG2
stays on. In boost mode, HG2 switches while
HG1 stays on. HG1 and HG2 are powered by the
BST1 and BST2 pins.

Capacitors between BST1 and SW1, then BST2
and SW2, are required to supply power to HG1
and HG2. These capacitors can be powered by
the internal diode connected at VCC, or they can
charge one another.

The BST power has its own UVLO control. Its
UVLO rising threshold is about 2.7V with a
200mV hysteresis.

Switching Frequency and Frequency Spread
Spectrum Function

The MPQ4262 configures the switching
frequency (fsw) with a 2-bit FREQ register. The
frequency can be 280kHz, 420kHz, or 580kHz.
Typically, a 420kHz switching frequency is
recommended.

The MPQ4262 has a frequency spread spectrum
function. Set the DITHER bit to 1 (0xDO, bit D[7])
to enable this function. Set DITHER to O to
disable the function. Spread spectrum minimizes
the peak emissions at certain frequencies.

The MPQ4262 uses a 4kHz triangle wave to
modulate the internal oscillator. The frequency
span for the spread spectrum operation is £7.5%
(see Figure 6 on page 22).

MPQ4262 Rev. 1.0
11/11/2021

MonolithicPower.com 21
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2021 MPS. All Rights Reserved.



|I\/IPS CONFIDENTIAL AND PROPRIETARY / NO COPIES OR DISTRIBUTION WITHOUT MPS PERMISSION

mP5 MPQ4262 — 36V, 100W, BUCK-BOOST WITH LOW-SIDE MOSFETS AND I°C, AEC-Q100

A
fsw = 452kHz Fundemantal
. ¥ 1 Frequenc
sw = 420kHz
S /N /N /N |
[~ NIIZ NZ NZ \
4 v v N
D*— 388kH |
sw = z
I I
| | > ¢
f—250ps—=

Figure 6: Frequency Spread Spectrum

The MPQ4262 frequency spread frequency can
be set to 280kHz, 420kHz or 580kHz.

Start-Up and Shutdown

If both Vin 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
shutdown, the signaling path is blocked to avoid
any fault triggering. Then the COMP voltage and
the internal supply rail are pulled down. The
floating driver is not subject to this shutdown
command.

Slew Rate Control and Output Discharge

The MPQ4262 sets the Vour slew rate via the SR
bits (0xD3, bits D[4:3] set the rising slew rate,
while bits D[2:1] set the falling slew rate). Four
Vrer slew rates (rising and falling) can be
selected under different application
requirements.

During the voltage transient response, the
discharge function operates. The discharge
function is disabled automatically after Vger
finishes changing. A larger-value capacitor
means that Vour may not discharge to the target
voltage when Vger finishes changing. Under this
scenario, the OVP discharge function can be
used to discharge Cour.

The output discharge function is enabled under
the following conditions:

1. The output OVP threshold (120% of Veg) or
absolute OVP threshold is triggered.

2. The I2C OPERATION bit is off, or the EN pin
is off. Discharge works until the 200ms delay
passes.

3. If Vix UVLO is triggered, but VCC has
residual voltage, the MPQ4262 discharges
for a limited time. This discharge function is
disabled after Vcc drops below 1.8V.

Output Line Drop Compensation

The MPQ4262 can compensate for an output
voltage drop (e.g. high impedance caused by a
long trace) to keep a fairly constant load-side
voltage.

See the MFR_CTRL2 section on page 29 for the
detailed line drop compensation amplitude.

Battery Short to Ground Protection Driver

The MPQ4262 integrates a battery short to
ground protection driver, the VGATE pin. When
the output ground (USB_GND) shorts to the
battery, VGATE pulls low and Q2 turns off (see
Figure 7).

R3

1kQ
MPQ4262 ot

PGND ISEN- ISEN+

S0 3o
5mQ Q2

W LE‘E—D USB_GND

Figure 7: Battery Short to Ground Driver
Table 1 shows the VGATE logic table.
Table 1: VGATE Logic Table

Condition VGATE Status
VIN < UVLO threshold Open drain
EN < UVLO threshold Open drain
Operation = off Open drain

ISENS > 20A 0

Once Vin and EN are ready (even if OPERATION
is set to off), GND short to battery detection
forces the device to operate with a low lg. The
second current limit through the current-sense
resistor is about 20A.

System Thermal Shutdown (TSD)

Thermal shutdown prevents the chip from
operating at exceedingly high temperatures.
When the silicon die temperature exceeds
160°C, the entire chip shuts down. When the
temperature falls below its lower threshold,
(about 140°C), the chip is enabled.

MPQ4262 Rev. 1.0
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PMBus INTERFACE

PMBus Serial Interface Description

The power management bus (PMBus) is an
open-standard power management protocol that
defines a means of communication with power
conversion and other devices.

The PMBus is a two-wire, bidirectional serial
interface, consisting of a data line (SDA) and a
clock line (SCL). The lines are externally pulled
to a bus voltage when they are idle. When
connecting to the lines, a master device
generates an SCL signal and device address,
then arranges the communication sequence.
This is based on I12C operation principles.

Start and Stop Commands

The start and stop commands are signaled by
the master device, which signifies the beginning
and end of the PMBus transfer. The start
command is defined as the SDA signal
transitioning from high to low while the SCL is
high. The stop command is defined as the SDA
signal transitioning from low to high while the
SCL is high (see Figure 8).

The master then generates the SCL clocks and
transmits the device address and the read/write
direction bit (R/W) on the SDA line. Data is
transferred in 8-bit bytes by the SDA line. Each
byte of data is followed by an acknowledge
(ACK) bit (see Figure 8).

PMBus Update Sequence

The MPQ4262 requires a start command, a valid
PMBus address, a register address byte, and a
data byte for a single data update. The device
acknowledges the receipt of each byte by pulling
the SDA low during the high period of a single
clock pulse. A valid PMBus address selects the
MPQ4262. The device performs an update on
the falling edge of the LSB byte.

PMBus Bus Message Format

Figure 9 on page 24 shows the PMBus message
format. In Figure 9, unshaded cells indicate that
the bus host is driving the bus actively, and
shaded cells indicate that the MPQ4262 is
driving the bus.

S = Start condition

Sr = Repeated start condition

P = Stop condition

R = Read bit

W = Write bit

e A= Acknowledge bit (0)

e A = Acknowledge bit (1)

Where “A” represents the acknowledge (ACK) bit.
The ACK bit is typically active low (logic 0) if the

transmitted byte is received successfully by a
device.

1
1
4

-
" -
[ I
SbA TN\ 4 / a6-a0 \ / b7-b0 \ / b7-60 \ '
H H 1 1
] ] H H
H H 1 1
HEH [
0 0 B G
SCL 1s 1 17 8 9 17 9 17 8 9 H H
HE- e
Start Stop

Command Command

[ | ] L ] 1 ] 1 ] 1 ] 1 ] 1 ]

Address RN ACK Data ACK Data ACK

Figure 8: Data Transfer across the PMBus
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a) Send Byte
1 7 1 1 8 11

‘ S ‘ Slave Address |Wr‘ A | Command Code | A l P ‘

b) Write Byte
1 7 1 1 8 1 8 11

‘ S ‘ Slave Address |Wr‘ A | Command Code | A l Data Byte l Al P ‘

c) Write Word
1 7 1 1 8 1 8 1 8 11

‘ S ‘ Slave Address |Wr‘ A | Command Code ‘ A ‘ Data Byte Low ‘ A ‘ Data Byte High ‘ A ‘ P ‘

d) Read Byte
1 7 1 1 8 1 1 7 11 8 11

S| Slave Address |Wr| A | Command Code | A| S |Slave Address|Rd| A DataByte | A |P

e) Read Word
1 7 1 1 8 1 1 7 11 8 1

‘Sl Slave Address |Wr‘ A | Command Code l A | S ‘Slave Address‘Rd‘ A‘ Data Byte Low ‘A|
8 1 1

Data Byte High | A | P

Figure 9: PMBus Message Format
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REGISTER DESCRIPTION
I2C/PMBus Register
The I?C is active once Vv and EN exceed their under-voltage lockout (UVLO) thresholds.

Command _ Data .
CMD Name Code Description Type Format Unit | OTP | Default
OPERATION 0x01 On/off control R/W Byte Reg Y On
Send/
CLEAR_FAULTS 0x03 Wite Byte Reg N
VOUT_COMMAND ox21 R/W Word L'L“fg‘r Vv Y 5V
STATUS_WORD 0x79 R Word Reg N
STATUS_
TEMPERATURE 0x7D R Byte Reg N
MFR_CTRL1 0xDO R/W Byte Reg \4
MFR_CURRENT_ oxD1 Sets_ the constant current (CC) limit RIW Byte Reg v 5 4A
LIMIT continuously
MFR_CTRL2 0xD2 Sets line drop compensation R/W Byte Reg Y
MFR_CTRL3 0xD3 R/W Byte Reg Y
MFR_CTRL4 0xD4 R/W Byte Reg Y
MFRMSATS/’A};I'US_ 0xD8 Masks the ALT pin indication R/W Byte Reg Y
MFR_OTP_
CONFIGURATION_ 0xD9 OTP configuration code R/W Byte Reg Y
CODE
MFR_OTP_
REVISION_ OxDA OTP software revision R/W Byte Reg Y
NUMBER
The I?C register defaults are based on the MPQ4262-0000.
Data Format
The Linear16 (L16) format is used for the Vour command (see Figure 10).
Data Byte For For Linear Mode
Linear Mode ->‘ |<— Data Byte High —>|<— Data Byte Low —>|
7|6|5(4(3]|2]1]0 7(6|5|4|3|2(1|0|7]|6|5[4[3|2|1]|0
N | v "
Mode = Exponent Mantissa
= 000b
Figure 10: Vour Command
To read Vour, follow the description below:
The MODE bits are set to 000b. The voltage (in V) can be calculated with Equation (3):
Voltage =V x 2" (3)

Where Voltage is the parameter of interest (in V), V is a 16-bit unsigned binary integer, and N is a 5-bit,
two’s complement, binary integer.

MPQ4262 Rev. 1.0 MonolithicPower.com 25
11/11/2021 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2021 MPS. All Rights Reserved.



|I\/IPS CONFIDENTIAL AND PROPRIETARY / NO COPIES OR DISTRIBUTION WITHOUT MPS PERMISSION

mP5 MPQ4262 — 36V, 100W, BUCK-BOOST WITH LOW-SIDE MOSFETS AND I°C, AEC-Q100

PMBUS COMMANDS
OPERATION
The OPERATION command configures the converter’s operational state.

Bit Number | Description Hex Meaning
Sets the converter on or off. Note 00h The output is off.
[7:0] that the EN pin has a higher ]
control priority than this bit. 01h or 80h | The output is on (default).

CLEAR_FAULTS

The CLEAR_FAULTS command clears any fault bits that have been set. This command clears all bits in
all status registers simultaneously. At the same time, the device clears its ALT signal output if the device
is asserting the ALT signal.

If the fault is still present when the bit is cleared, the fault bit is immediately set again, and the host is
notified. This command is write-only (see Figure 9 on page 24).

VOUT_COMMAND
The VOUT_COMMAND sets the output voltage. It follows the Linear16 (L16) linear data format.

Command VOUT COMMAND

Format Linearl6

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW | RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW|RW]|RW]|RW|RW
Function Data byte high Data byte low

Default .

value (5V) 5120 decimal

Vour (in V) can be calculated from the Equation (4):

Vour =V x 210 4)
Where V is a 16-bit unsigned binary integer of VOUT_COMMAND, bits[15:0]. The valid Vour range is
between 1V and 21.47V. If Vour is out of its range, an abnormal Vour is detected.
The feedback resistor ratio is Vour / Ves = 10. The VOUT_COMMAND resolution is 10mV.

The internal reference voltage is equal to Vour / 10. The internal reference voltage ranges between 0.1V
and 2.147V with 1mV steps. There is a total of 2047 steps. There is an 11-bit DAC. When the DAC input
bit is set to 0, the DAC output is 0.1V.
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STATUS_WORD

The STATUS_WORD command returns 2 bytes of information with a summary of the unit’s fault
conditions. Based on the information in these bytes, the host can obtain more information by reading the
appropriate status registers.

Byte Bits Status Bit Name Description
7 RESERVED Reserved. The default value is Ob.
6 RESERVED Reserved. The default value is Ob.
5 VOUT_OV_FAULT Indicates if an output over-voltage fault has occurred.
| 4| 10UTOC FAULT | s fan ot cuercuent il nasoceured. Toe = st e device
3 GND_SHORT_VBATT | Indicates if a GND short to battery fault has occurred.
2 TEMPERATURE Indicates if a temperature fault or warning has occurred.
1 RESERVED Reserved. The default value is Ob.
0 RESERVED Reserved. The default value is Ob.
7 VOUT Indicates if an output voltage fault or warning has occurred.
6 |OUT/POUT Indicates if an output current fault has occurre.d..The.blit is set if the device
reaches the CC current limit or the peak current limit, or if it enters hiccup mode.
5 RESERVED Reserved. The default value is Ob.
Indicates if the output current exits the CC current limit. This bit is only set high
4 OC_EXIT when lout changes from CC mode (before enter hiccup) to a different mode. The
High bit is not set after the device recovers from hiccup mode.
The POWER_GOOD signal, if present, is negated.
3 PG_STATUS# 1: The output voltage is not good
0: The output voltage is power good
2 RESERVED Reserved. The default value is Ob.
1 RESERVED Reserved. The default value is Ob.
0 RESERVED Reserved. The default value is Ob.

The PG_STATUS# bit is an exception, as it always reflects the current state of the POWER_GOOD

signal.

STATUS_TEMPERATURE
The STATUS_TEMPERATURE command returns 1 data byte with information on temperature faults.

Bits Bit Name Description
7 OT EAULT Indlgates if an over-temperature (OT) fault occurs. The OTP entry threshold
- 160°C.
Indicates if an over-temperature (OT) warning occurs. The entry threshold is
6 OT_WARNING 135°C, with a 20°C hysteresis.
5 RESERVED Reserved.
4 RESERVED Reserved.
3 OT_WARNING_EXIT An over-temperature (OT) warning falling edge sets this bit high
2 RESERVED Reserved.
1 RESERVED Reserved.
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I2C REGISTER MAP

Name REG (0x) | RIW D[7] D] | D[] D[4] | D[3] D[2] D[1] D[0]
OUTPUT
DITHER_ SWA_FET_ | OUTPUT_ = PFM/PWM_
MFR_CTRL1 DO R/W ENABLE FREQ RON OVP_EN DISCI;ANRGE_ MODE
MFR_CURRENT_ LDC_ -
LIMIT D1 R/W DISABLE Constant current limit (1A to 5.4A/50mA step)
LINE_DROP_
MFR_CTRL2 D2 RIW COMPENSATION
SWITCHING SLEW_ SLEW_RATE FREQ
MFR_CTRL3 D3 RIW | cURRENT LmiT | RSENS RFQEE— FALL MODE
CC_ 1 swe
MFR_CTRL4 D4 R/IW BLANK_ = IC Address (A5~Al)
EDGE
TIMER
MFRKASATSA;US— D8 R/W Masks the ALT pin indication if a fault or event occurs
MFR_OTP_
CONFIGURATION_ D9 R/W OTP configuration code, defined by MPS

CODE
MFR_OTP_
REVISION_ DA R/W OTP software revision number, defined by MPS

NUMBER

I2C Slave Address
The 12C slave address is set to 67h by default.

I2C Address A7~A1
Binary Hex
1100 111 (default) 67h
I2C/OTP-adjustable for Set by
A5~Al MFR_CTRL4_D[4:0]
MFR_CTRL1
Address: 0xDO
Reset value: Set by OTP
Type: Read and Write
Bit Bit Name Description
0: No dither
Dl7] DITHER_ENABLE 1: Enables the frequency spread spectrum function (default)
Sets the MPQ4262 switching frequency. The default value is 01.
00: 280kHz
D[6:5] FREQ 01: 420kHz
10: 580kHz

11: Reserved

Sets SWA'’s on resistance under 5Vgs conditions. This value will affects the zero-current
detection (ZCD) and negative current limit in boost mode. It should match the real
MOSFET value. The default value is 01.

D[4:3] SWA_FET_RON 00: 5mQ

01: 10mQ
10: 15mQ
11: 20mQ

Enables output over-voltage protection (OVP). The default value is 1.
DI OUTPUT_
(2] OVP_EN 1: Enabled

0: Disabled
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Enables the output discharge function. The default value is 1. There is a passive
discharge resistor from the VOUT pin to ground. This discharge function works until the

OUTPUT_ 200ms timer runs out.
D[1] DISCHARGE_ ] ] )
EN 1: The MPQ4262 turns on the output discharge function during the EN, Vi, or I12C off
period until Vour is fully discharged
0: Disable the output discharge function during the EN, Vi, or I12C off period
Sets the buck-boost mode to auto-PFM/PWM mode, or forced PWM mode. The default
value is 1.
D[0] PFM/PWM_MODE

0: Auto-PFM/PWM mode
1: Forced PWM mode

MFR_CURRENT_LIMIT
Address: 0xD1

Reset value:

Set by MTP

Type: Read and Write

Sets the output constant current (CC) limit threshold

Name LDC _DISABLE | CONSTANT _CURRENT _LIMIT
Format Direct, unsigned binary integer
Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Default value (5.4A) 0 108 integer

The real-world loyt over-current threshold (in A) can be calculated with Equation (5):

IOUT_OC (A) = IOUT_LIM x 0.05 (5)

Where IOUT_LIM is a 7-bit, unsigned binary integer of IOUT_LIM, bits D[6:0].

The IOUT_OC resolution (or minimum step) is 50mA. The maximum value is 5.4A. Beyond this range,
the current limit is clamped at 5.4A.

D[7] is the bit that enables line drop compensation. When D[7] is set to 0, line drop compensation is
controlled by register 0xD2. When D[1] is set to 1, line drop compensation is disabled.

MFR_CTRL2
Address: 0xD2

Reset value: Set by OTP
Type: Read and Write
Bits Bit Name Description
D[7:2] RESERVED Reserved.
Sets the output voltage compensation value vs. the load current. The compensation
amplitude is fixed for any output voltage. Line drop compensation is only enabled for
applications where the output voltage exceeds 5V. This value is clamped when lout >
DLLO] LINE_DROP_ 3.6A. The default value is 00.
' COMPENSATION 00: No compensation
01: Vout compensates 100mV at a 3A lout
10: Vout compensates 300mV at a 3A lout
11: Vout compensates 600mV at a 3A lout

MPQ4262 Rev. 1.0
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MFR_CTRLS3

Address: 0xD3
Reset value: Set by OTP
Type: Read and Write

Bits Bit Name Description
Set the current limit for switch B (SWB) and switch C (SWC). The default value is 10.

. SWC Peak Current SWB Valley Current
D[7:6] o oY
SWITCHING_ Limit Limit
D[7:6] | CURRENT_LIMIT 00 8A 6A
01 12A 9A
10 15A 13A
11 20A 17A
Select the Rsens resistor value. The default value is 0.
D[5] | RSENS 0: 5mQ
1: 10mQ

Sets the Vour rising slew rate. The default value is 01. The slew rate can be calculated with
the following equation:

Vout Slew Rate = Vrer Slew Rate x Feedback Ratio

D[4:3] SLEW_RATE_ Where Feedback Ratio = 10.
' RISE
00: 0.08mV/ps; Vrer rising slew rate

01: 0.16mV/ps; Vrer rising slew rate
10: 0.4mV/ps; Vrer rising slew rate
11: 0.8mV/ps; Vrer rising slew rate

Sets the Vour falling slew rate. The default value is 01. The slew rate can be calculated
with the following equation:

Vout Slew Rate = Vrer Slew Rate x Feedback Ratio

D[2:1] SLEW_RATE_ Where Feedback Ratio = 10.
: FALL

00: 0.02mv/us; Vrer falling slew rate
01: 0.04mv/us; Vrer falling slew rate
10: 0.1mv/ps; Vrer falling slew rate
11: 0.2mv/ps; Vrer falling slew rate

Sets the frequency in buck-boost mode. The default value is 1.

D[0] FREQ_MODE 0: Reduce the frequency by half in buck-boost mode
1: Maintain the same frequency in buck-boost mode

MFR_CTRL4

Address: 0xD4
Reset value: Set by OTP
Type: Read and Write

Bits Bit Name Description
D[7] RESERVED Reserved.
Sets the blanking time before the device enters CC mode. The default value is 1.
D[6] CC_BLANK_
TIMER 0: 5ms

1: 400ps

Selects the SW2 rising and falling speed. The default value is 1.
DI[5] SW2_EDGE 0: Normal
1: Faster than normal
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D[4:0]

12C_ADDRESS

Sets the 12C slave address A5~A1 bit. The default value is 00111b (67h).

MFR_STATUS_MASK

Address: 0xD8
Reset value: Set by OTP
Type: Read and Write

This register only can mask the ALT pin’s behavior, which means that the STATUS register still indicates each

event.
Bits | Bit Name Description
0: Not masked
7 VOUT_MSK 1: Masked (default)
This bit masks IOUT_OC_FAULT, IOUT/POUT and OC_EXIT. The default value is 0.
6 |OUT/POUT_MSK 0: Not masked
1: Masked
0: Not masked
5 | RESERVED_MSK | 1. pasked (default)
Masks temperature-related events. The default value is 1.
4 TEMP_MSK 0: Not masked
1: Masked
Masks the higher level PG off control. The default value is 1.
3 PG_STATUSH#
MSK 0: Not masked
1: Masked
PG ALT 0: Not masked. The ALT pin indicates both PG_STATUS# rising and falling edges
2 EDGE MSK 1: Mask enabled (default). The ALT pin only indicates the PG_STATUS# falling edge,
- which is when the output voltage transitions from a not good voltage to a good voltage
1 GND_SHORT_ 0: Not masked
VBATT_MSK 1: Masked (default)
0: Not masked
0 UNKNOWN_MSK 1: Masked (default)

MFR_OTP_CONFIGURATION_CODE

Address: 0xD9
Reset value: Set by OTP
Type: Read and Write

Bits | Bit Name Description
OTP_

D[7:0] | CONFIGURATION_ | Returns the OTP configuration code, defined by MPS.
CODE

MFR_OTP_REVISION_NUMBER

Address: OxDA
Reset value: Set by OTP
Type: Read and Write

Bits | Bit Name Description
OTP_

D[7:0] | REVISION_ Returns the OTP software revision number, defined by MPS.
NUMBER
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MPQ4262GQVE-0000 CONFIGURATION TABLE

OTP Items Description Value
OPERATION Sets the device on or off 1: On
VOUT_COMMAND Sets the output voltage 5V
DITHER _ENABLE Enables frequency spread spectrum 1: Enabled
FREQ Sets the switching frequency 01: 420kHz
SWA FET RON Sets SWA'’s on resistance 01: 10mQ
OUTPUT OVP _EN Enables output OVP 1: Enabled
OUTPUT_DISCHARGE_EN Enables the output discharge function during 1-Enabled

the Vi, I12C, or EN off period

PFM/PWM_MODE

Selects auto-PFM/PWM mode or forced PWM
mode

1: Forced PWM mode

CLCI:ROR,\IIESI\-II-'I"A_I\ILTI\]IT Sets the output current limit 5.4A
LINE_DROP_ Sets the output voltage compensation value 00: No compensation
COMPENSATION vs. load current '
SWITCHING_ Sets the SWB valley current limit and SWC 10: SWC peak: 15A;
CURRENT_LIMIT peak current limit SWB valley: 13A
RSENS Selects the Rsens resistor value 0:5mQ

SLEW_RATE_RISE

Sets the Vour rising slew rate

01: 0.16mV/us

SLEW_RATE_FALL

Sets the Vour falling slew rate

01: 0.04mV/us

1: Maintain the same

FREQ_MODE Sets the frequency for buck-boost mode frequency in buck-boost mode
CC_BLANK_TIMER ﬁqitgethe blanking time before entering CC 1: 400us
SW2 EDGE Selects the SW2 rising and falling speed 1. Faster than normal
ABSOLUTE OUTPUT OVP | Selects the absolute OVP threshold 0: 26V
OT WARNING FUNCTION | Enables the OT warning function 0: Enabled
I2C_ADDRESS Sets the I12C slave address 67h
VOUT_MSK 1: Masked
IOUT/POUT_MSK 0: Not masked
RESERVED_ MSK 1: Masked
TEMP_MSK 1: Masked
PG_STATUS# MSK Masks ALT pin indication 1: Masked
PG_ALT_EDGE MSK 1: Masked
GND_SHORT
VBATT_MSK_ 1: Masked
UNKNOWN_MSK 1. Masked
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APPLICATION INFORMATION
COMPONENT SELECTION
Selecting the Inductor

Inductor selection is based on the operating
mode. The inductance for buck mode can be
estimated with Equation (6):

Vour Vour
= x (1— 6
BUCK fsw < Al ( A ) (6)

Where Al_ is the peak-to-peak inductor ripple
current, which is 30% to 50% of the maximum
load current.

For boost mode, inductor selection is based on
limiting the peak-to-peak current ripple (AlL) to be
about 30% to 50% of the maximum input current.
The target inductance for boost mode can be
calculated with Equation (7):

VlN X (VOUT B \/IN)

= 7
BOOST Vo, x b, XAl (7)

L

Where Al is the peak-to-peak ripple current.
linwax) can be estimated with Equation (8):

X lLOAD(MAX)

| _ Vour

IN(MAX) —

Vv XN ®

Where loapmax) is the maximum load current,
and n is the efficiency.

Choosing a larger-value inductor reduces the
ripple current but increases the physical size of
the inductor. A larger-value inductor also
reduces the achievable bandwidth of the
converter by moving the right half-plane zero to
lower frequencies. Select the inductor for the
specific application requirements.

Selecting the Input Capacitor

In buck mode, the input current is discontinuous,
while it is continuous in boost mode. A capacitor
must supply the AC current in buck mode while
maintaining the DC input voltage. Ceramic
capacitors are recommended for the best
performance, and these capacitors should be
placed as close to the VIN pin as possible.
Ceramic capacitors with X5R or X7R dielectrics
are recommended because they are fairly stable
across temperature fluctuations. The capacitors
must also have a ripple current rating greater
than the converter’'s maximum input ripple

current. The input ripple current in buck mode
can be estimated with Equation (9):

V, V,
. =] v out (1 Your (9)
CIN ~ 'ouT \/ V,, ( V; )

IN

The worst-case condition in buck mode occurs at
Vin = 2 X Vour, calculated with Equation (10):
I

Iy = 22T (10)

CIN 2
For simplification, choose an input capacitor with
an RMS current rating greater than half of the
maximum load current.

The input capacitance determines the
converter’s input voltage ripple. If there is an
input voltage ripple requirement in the system,
choose the input capacitor that meets the
specification.

The input voltage ripple in buck mode can be
estimated with Equation (11):

AV, = —ur_ Vour x(1- M) (11)
" fSW X CIN \/IN \/IN

The worst-case condition occurs where Viy = 2 X
Vour, calculated with Equation (12):

AVIN — 1 IOUT (12)
4 fo xCiy

Selecting the Output Capacitor

In boost mode, the output current (lour) is
discontinuous, so an output capacitor (Cour)
must be able to reduce the output voltage ripple.

A larger-value capacitor may be required to
lower the output voltage ripple and transient
response. Ceramic, low-ESR capacitors with
X5R or X7R dielectrics are recommended. If
using ceramic capacitors, the capacitance
dominates the impedance at the switching
frequency, so the output voltage ripple is
independent of the ESR. The output voltage
ripple can be estimated with Equation (13):
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V
(1_ IN ) X ILOAD
AV, = Your (13)

ouT
Cour *fsw

Where Vrpepie is the output ripple voltage, and
Cour is the capacitance of the output capacitor.

If using polymer, hybrid, or low-ESR electrolytic
capacitors, the ESR dominates the impedance at
the switching frequency. The output voltage
ripple can be estimated with Equation (14):

vV,
A=) % om | R v
AV, = out toap ¥ Nesr X Vour (14)
out +
Cour *fsw Vin

Where Resr is the equivalent series resistance of
the output capacitors.

Choose output capacitors that satisfy the
design’s output voltage ripple and load transient
response requirements. Consider capacitance
derating when designing applications with high
output voltages.

Selecting the External MOSFETs (SWA and
SWD)

The MPQ4262 requires two external N-channel
power MOSFETS (see Figure 11). In buck mode,
SWA and SWB switch while SWD stays on. In
boost mode, SWC and SWD switch while SWA
stays on.

Figure 11: Buck-Boost Topology

The critical parameters to select a MOSFET are
described below.

1. Maximum drain-to-source voltage (Vpsmax)):
SWA must withstand the maximum input
voltage and the transient spikes at SW1
during switching. Select SWA and SWB to
have a Vpswax) that is 1.5 times the input
voltage.

SWD withstands the output voltage and
additional transient spikes at SW2 during

switching. Select SWD to have a Vpsax) that
is at least 1.5 times the output voltage.

Maximum current (Iouax))

Vru: The driver voltages of the MPQ4262 are
supplied by VCC. The gate plateau voltages
should be below the converter's minimum
Vce. Otherwise, the MOSFETs may not fully
turn on during start-up or under overload
conditions.

On resistance (Ros(on))

5. Total gate charge (Qg): For the MPQ4262,
the Qg value for all switches should be below
30nC (at a 5V GATE condition). The SW1
rising time and SW2 falling time are shorter
than 15ns.

SWA

When the MPQ4262 works in boost mode, SWA
is always on. SWA'’s conduction power loss can
be calculated with Equation (15):

\
_ ouT \2
PC_LOSS(SWA) = (lour * ) x RDSON(SWA) (15)
IN

Assume that the MOSFET’s thermal resistance
from the junction to ambient is 50°C/W
(determined by the board’s power dissipation),
and that the maximum acceptable temperature
rise is 50°C. The maximum power loss can be
estimated with Equation (16):

PC_LOSS(SWA) <1W (16)

Use the above calculations to select a MOSFET
with an appropriate on resistance.

When the MPQ4262 works in buck mode, the
conduction and switching loss of SWA can be
calculated with Equation (17) and Equation (18),
respectively:

\

P _ ouT
C_LOSS(SWA) — V
IN

2
Xloyr XRDSON(SWA) (17)

1

PSW_LOSS(SWA) = Ele X lOUTX(tON + tOFF) X fsw (18)

Figure 12 on page 34 shows the switch on/off
state. The switch on time (ton) and the switch off
time (torr) are based on the MOSFET datasheet.
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voswos b | | 4| | SWD
I I I | When the MPQ4262 works in buck mode, SWD
20 e N Vo —|7|—I— is always on. The SWD power loss can be
. | C | o calculated with Equation (19):

2
PC_LOSS(SWD) =lour XRDSON(SWD) (19)

[ [
| Ios_mos & |
| |

Ips_mos &
Pc_Lossiswo) should be less than the maximum

I} I MR N\ power loss. When the MPQ4262 works in boost
[ d -

L ‘ d mode, the conduction loss can be estimated with
Equation (20):

\ b

Figure 12: Switch On/Off State v )
— VOouT
Pc_Lossiswp)= i lout” * Rpsonswo) (20)

When determining the total power loss, the dead
time and low-side MOSFET switching loss can

be ignored.
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PCB Layout Guidelines ®

Efficient PCB layout is critical for standard
operation and thermal dissipation. For the best
results, refer to Figure 13 and follow the
guidelines below:

1. In buck mode, place the input power loop —
including the input filter capacitor (C), the
power MOSFET (SWA), and SW1 node —
as close together as possible.

2. In boost mode, place the output power loop
—including the output filter capacitor (Cour),
the power MOSFET (SWD), and SW2 node
— as close together as possible.

3. Use short, direct, and wide traces to connect Top Layer
VOUT.

4. Add vias to GND after the output filter if
required.

5. Use alarge copper plane for PGND, and add
multiple vias to improve thermal dissipation.

Connect AGND to PGND.

To improve EMI performance, place two
ceramic input decoupling capacitors as close
as possible to the SWA and SWD drains, and
PGND.

8. Place the input filter at the bottom layer to
improve EMI performance.

9. Place the VCC decoupling capacitor as close Mid-Layer 1
as possible to VCC.

10. The output current-sense traces (ISEN+ and
ISEN-) must have a Kelvin connection.

11. The switching nodes of the BST1/2 Kelvin comnect BST2
capacitors must be Kelvin connected to the I node o SW2pin.
SW1 and SW2 pins with a wide PCB trace. sﬁu 5

12. Kelvin connect the VIN pin to the SWA drain Kelvin Svszndnr:‘cntxv f
with a wide PCB trace. Kelvin

capacitor’s switching

node to SW1 pin.

Note:

8) The recommended layout is based on the typical application
circuit (see Figure 14 on page 38).

Mid-Layer 2
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Route HG1 with
short and wide
PCB trace

(
|

N
N/
Route HG2 with
short and wide
o | PCB trace.
o0

00

Bottom Layer
Figure 13: Recommended PCB Layout
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TYPICAL APPLICATION CIRCUITS

Q2 Q3
SQS484EN SQS484EN
12v 5 2 3.3V-21V/3A  VOUT
VIN ' .
c4,220nF|  47uH  cs 2200 _T_ _'l'_
Cc2C c2D CoE
T I IT 18 14 R
— — = ESR =30mQ
C1A c1B cic CiD HG1 BST1 BST2 SwW2)
100pF 10pF 10pF O. 1uF VIN S m
vCcc Ve VCC ENlOOkQ: 90.9kQ
R7 ()_j EN b
10kQ R8 2 R2
2.2kQ) SDA > 10kQ
scL MPQ4262-0000 =
VGATE
ALT VCC AGND PGND  |SEN- ISEN+
1 o 1 e e
10] veell]| 12,15
C6
1uF
= = 5mQ GND2
Figure 14: V\y = 12V, Vour = 3.3V to 21V/3A (OPERATION Set to On) ©
Q2 Q3 usB
5V/9V/15V/20V@3A
SQSASAEN SQSABIEN 3.3V-21V@3A PPS PD3.0
VIN O—¢ ’ .
J_ l l l l l CZD Cg vce J_Clﬂ
. _T_ I C2a o=C2B c 7TL00uF '_ IHUF
I :I_—_ L L _T_O'lw: 10uF /];qu/IESR 30m0.[ 18] 19 e
C1A ciB CIC CID L L VBUS_ P GPIO7 VDRV R
100F 10pF 10pF 0.1pF s & 1— vee e P2 =a o
VCCV'(\:[C vce ENlOT)iQ‘. QOQkQ Aw:ls o i; DM g
R7 2 Rg%z 2kQ s R c8 _,__ ve> MPQS031- o 15 RI1 20 &
10kQ| 2.2k = w10 ‘LOkQ DM“FI 0001 cot |= MA zzi :
1 MPQ4262-0002 a = cc2 cul clzl 'R'fz

VCC AGND PGND ISEN+

ISEN-

VGATE

Q1

I_Er_‘ljo USB_GND

GPIO6
GPIOS
GPIO1

scL
SDA

Iif

GND_ 12C_MODE

vee
R13

GPIO2
100kQ
GPIO3

GPIO4

11

cc1 cc2 DM

TekjokTe

390pF T 390p! 20
GND2

DP

Figure 15: The MPQ4262 and MPQ5031 for a 60W PD Application (10

Notes:

9) The 5mQ current-sense resistor can be removed. ISEN- and ISEN+ can be directly connected to GND without the output average current

limit because the switching current limit still works.

10) A 10mQ current-sense resistor and RC filter are required to pass USB-IF PPS certification. The evaluation boards for the MPQ4262 and

MPQ5031 can be use in PD reference designs.
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PACKAGE INFORMATION

QFN-20 (3mmx5mm)

‘ %ﬁ?g ‘ 1.45 0.55
PIN 11D — - 8?8 15159 % 0.65
MARKING -
07571 I
b B0 0o, ..
BSC
/ 1125 18]7 I
v i A b
C T+
PINTID _ 7| I X eel—— — — T E B0
INDEX AREA | . —
| %ggg I— T3
| 2ors h .
] =00 Q03
‘ MEEELE
TOP VIEW BOTTOM VIEW
[0 28 0 om
0.20 REF: ) ’ 0.18
f J L
0.00 0.20 REF- 0.05
0.05 ] 0.15
SIDE VIEW SECTION A-A
280
O
0.825
4LI:I : 1125 NOTE:
1
. i:m 1) THE LEAD SIDE IS WETTABLE.
L1 _ ——— g
0-504{7: 2) ALL DIMENSIONS ARE IN MILLIMETERS.
I
— ‘ 3) LEAD COPLANARITY SHALL BE 0.08
0254*1: i:IIL—L125 MILLIMETERS MAX.
7’7 090 4) JEDEC REFERENCE IS MO-220.
o~35—,,ﬂ D U D FM 5) DRAWING IS NOT TO SCALE.
_ | 280
cEREIEN
RECOMMENDED LAND PATTERN
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CARRIER INFORMATION

/OQOOQOOO

Pinl —» 1 e 1[p e
Reel ABCD ABCD ABCD ABCD
Diameter /

—_

Feed Direction

Package Quantity/ | Quantity/ | Quantity/ Reel Carrier | Carrier
Part Number Description Reel Tube Tra Diameter Tape Tape
P y Width | _Pitch
MPQ4262GQVE-0000-
AEC1-Z
MPQ4262GQVE-0001-
AEC1-Z (3§§1')\('§T?m) 5000 N/A N/A 13in 12mm | 8mm
MPQ4262GQVE-0002-
AEC1-Z
MPQ4262GQVE-xxxx-
AEC1-Z
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REVISION HISTORY

Revision # | Revision Date | Description Pages Updated
1.0 11/11/2021 Initial Release -

Notice: The information in this document is subject to change without notice. Please contact MPS for current specifications.
Users should warrant and guarantee that third-party Intellectual Property rights are not infringed upon when integrating MPS
products into any application. MPS will not assume any legal responsibility for any said applications.
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