MPQ3446

55V, Wide-Input, Current Mode
Synchronous Boost Controller,
AEC-Q100 Qualified

DESCRIPTION

The MPQ3446 is a high-efficiency, current-
mode, synchronous boost controller with a wide
6V to 55V input voltage (Vin) range. It can
operate with multiple phases for high-power
applications. The MPQ3446 also has the
capability to drive 10V MOSFETs, greatly
improving efficiency and minimizing power loss.

The MPQ3446 provides either an 1°2C (default)
or SPI interface to configure some key
operating parameters, such as the switching
frequency (fsw), current limit, light-load mode,
frequency spread spectrum (FSS), dead time
(DT), soft-start time (tss), and slope
compensation. fsw can be adjusted from
250kHz to 2.5MHz or directly synchronized to
an external source.

Protection features include under-voltage
lockout (UVLO), current limiting, and thermal
shutdown.

The MPQ3446 is available in a QFN-21
(5mmx5mm) package with wettable flanks, and
is available in AEC-Q100 Grade 1.

FEATURES

o Designed for Automotive Applications
o Supports 3V Cold Crank
o 6V to 55V Wide Input Voltage (Vin)
Range
o -40°C to +150°C Operating Junction
Temperature (T;)
o Available in AEC-Q100 Grade 1

FEATURES (continued)

e Configurable via the I1°C or SPI Interface
o Switching Frequency (fsw)
Slope Compensation
Current Limit Reference
Selectable Light-Load Mode
Pulse-Skip Modulation (PSM) for Ultra-
Light Loads
Dead Time (DT)
SYNCIN Phase and Frequency Division
o Synchronous or Non-Synchronous
Operation
o Frequency Spread Spectrum (FSS)
e Additional Features
o 10V Gate Driving Capability
o 250kHz to 2.5MHz fsw Synchronizable
to an External Clock
o Clock SYNC Out
o Thermal Warning and Thermal
Shutdown
o Power Good (PG) Indicator
Multi-Phase Capability
o Available in a QFN-21 (5mmx5mm)
Package with Wettable Flanks
e Functional Safety System Design Capable
o MPSafe™ Compatible — Functional
Safety Supporting Document Available

MPSafe@
APPLICATIONS

e Automotive Infotainment and Advanced
Driver-Assistance Systems (ADAS)
Systems

e Automotive Audio Amplifiers
Automotive Power Systems

O
O
O
O

o O

O

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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MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

TYPICAL APPLICATION
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mps MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

ORDERING INFORMATION

Part Number* Package Top Marking | MSL Rating**
MPQ3446GUE-xxxx-AEC1******* | QFEN-21 (5mmx5mm) See Below 2

* For Tape & Reel, add suffix -Z (e.g. MPQ3446GUE-xxxx-AEC1-2).
** Moisture Sensitivity Level Rating

*** “xxxx” is the configuration code identifier for the register settings stored in the OTP register. Each “x” can be a
hexadecimal value between 0 and F. The default code is “0000”. Please contact an MPS FAE to create this
unique number.

*&+x \Wettable Flank

TOP MARKING
MPSYYWW
MP3446
LLLLLLL
E

MPS: MPS prefix

YY: Year code

WW: Week code
MP3446: Part number
LLLLLLL: Lot number
E: Wettable Flank

PACKAGE REFERENCE
TOP VIEW

COMP AGND AVCC PVCC PGND BG

SDA |1 | BST
scL |2 4] sw
com |3 v 13| TG
IMON |-
12| csB
vout|s ] | csa
6 7 18 |9 10
VIN EN SYNCISYNCOPG
QFN-21 (5mmx5mm)
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mps MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

PIN FUNCTIONS

Pin| Name |Description
1 SDA |I?C serial data or SPI bus serial data input.
2 SCL |I?C serial clock or SPI BUS serial clock.
3 COM |SPI chip selection signal. If the I?C interface is used, float this pin or connect it to AGND.

Input current monitor output or SPI slave data output. The IMON pin voltage (Vivmon) is
proportional to the (Vcsa - Vcsg) voltage to indicate the input average current. Connect a 1nF to
10nF decoupling capacitor between IMON and AGND. For the SPI interface, the IMON pin is the
SPI slave data output.

5 | VOUT |Output voltage (Vour) feedback. The VOUT pin senses Vour for voltage regulation.

Input supply. The VIN pin supplies power to the converter. Place a 0.1uF decoupling capacitor

4 | IMON

6 VIN as close as possible between PGND and the IC to reduce switching spikes.

Enable. Pull the EN pin above 1.2V to enable the power stage; pull this pin below 1V to stop

7 EN e VI
switching. Do not float this pin.

s | synci Synchronized signal input pin. Apply a 250kHz to 2.5MHz external clock signal to synchronize
the switching frequency (fsw). Do not float this pin; connect it to AGND if not used.
Synchronized clock signal output pin. The SYNCO pin outputs an out-of-phase 0° or 180°

9 | SYNCO .
clock to the other devices.

Power good indicator. The PG pin is an open-drain output. If the PG pin is used, connect a

10 PG pull-up resistor to the power source. PG is pulled high if Vour is within 96% to 104% of the
nominal voltage. PG is pulled low when Vour is above 105% or below 95% of the nominal
voltage. Float this pin if it is not used.

Current-sense (CS) pin A. The voltage sensed between the CSA and CSB pins determines the

11| CSA .
external CS signal.

Current-sense pin B. The voltage sensed between the CSA and CSB pins determines the

12| CSB .
external CS signal.

Top gate driver output. The TG pin drives the gate of the top N-channel synchronous

13 TG MOSFET. The TG driver draws power from the bootstrap (BST) capacitor (Cest) and returns to

the SW pin. It provides a floating drive to the top N-channel MOSFET. For non-synchronous
applications, the TG pin is disabled.

Switch node. Connect the SW pin to the switch node of the power supply. The switch node is
14 SW |the junction of the power inductor, low-side MOSFET (LS-FET) drain, high-side MOSFET (HS-
FET) source, and Cgsst. The high-side (HS) driver is referenced to this pin.

Bootstrap (BST). Connect a bypass capacitor between the BST and SW pins to form a floating
supply to power the TG driver. An external diode must be placed between the PVCC and BST
pins to charge Csst while the LS-FET is on; a 1N4148 diode is recommended. Add an external

15| BST diode between the SW and BST pins to prevent the BST-SW voltage (Vsst-sw) from being
discharged to less than -0.3V by the leakage current at the BST pin under no switching
conditions; a 1N4148 diode is also recommended.

16 BG Bottom gate driver output. Connect the BG pin to the gate of the bottom synchronous N-

channel MOSFET.
17 | PGND |[Power ground. The PGND pin is a high-current ground reference for the internal LS-FET driver.

Internal power bias supply. Decouple the PVCC pin with a 4.7uF to 10uF ceramic capacitor,
placed as close to PVCC as possible.

Internal analog bias supply. Decouple the AVCC pin with a 1uF to 10uF ceramic capacitor,
placed as close to AVCC as possible.

20 | AGND |Analog ground. Connect the AGND pin to the analog ground plane through a wide, short path.

18 | PVCC

19 | AVCC
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MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

PIN FUNCTIONS (continued)

Pin| Name |Description
Internal error amplifier (EA) output. Connect the compensation network between the COMP
21| comp and AGND pins. See the Compensation Components section on page 40 for more information
on selecting the components for this pin. For multi-phase applications, connect COMP from the
master device to the slave device(s) to share the loop control information.
Exposed The exposed pad has no internal electrical connection to ground. Connect the exposed pad to
- pad the ground plane to optimize thermal performance. The pad can be floated regardless of thermal
P performance.

ABSOLUTE MAXIMUM RATINGS @

VIN, CSA, CSB, SW, VOUT ......... -0.3V to +60V
BST, TG..oiiiiiiiiiiies i, -0.3V to SW +14V
PVCC,BG.........cceiies 0.3V 1O +14V
All other pins.............. e, -0.3Vto +7V

Continuous power dissipation (Ta = 25°C) @

QFN-21 (5mmx5mm) ..o, 3.5W
Junction temperature (T3) ...ccoovvvvvicieneeenn. 150°C
Lead temperature........ cccccceevvvevvnnninnnnnnnns 260°C
Storage temperature.... .......... .-65°C to +150°C
ESD Ratings

Human body model (HBM)............... ClassD ®
Charged-device model (CDM)......... Class C2b @
Recommended Operating Conditions
Supply voltage (Vin).... woeecvvvveeeeeeennnnne 6V to 55V
Minimum V) for start-up ...........ccceeveeeeennnnns 6.5V
Output voltage (Vour) setting .............. Up to 55V

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

Thermal Resistance

6ic

JESDSI1-7. i, 36........ 8..°C/W ©)

Notes:

1)
2)

3)

5)

Exceeding these ratings may damage the device.

The maximum allowable power dissipation is a function of the
maximum junction temperature T, (MAX), the junction-to-
ambient thermal resistance 6;,, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp (MAX) = (T,
(MAX) - Ta) / 6;a. 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.

Per AEC-Q100-002.

Per AEC-Q100-011.

Obtained on a JESD51-7, 4-layer PCB. The values given in
this table are 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. The value of
0;c shows the characterization parameter from junction-to-
case bottom.
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MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

ELECTRICAL CHARACTERISTICS
Vin = 12V, Veny = 5V, T3 =-40°C to +150°C, typical values are at T; = 25°C, unless otherwise noted.

Parameter |  Symbol [Conditions | Min | Typ | Max [units
Input Power Supply
Shutdown current IsHDN_GND Ven = 0V, Vin = Vour = 12V 20 35 MA
Vin under-voltage lockout
(UVLO) rising threshold VIN_uvio_R 2.8 3.1 34 \%
Vin UVLO falling threshold VIN_uvLo_F 2.25 2.55 2.85 \Y
VCC Supply
. PVCC LVL =1, Ipvcc = OmA 9 10 11 \%
PVCC regulation voltage Vevee  [PVCC_LVL =1, Ievec = 100mA o [ 10 [ 11 [ v
PVCC UVLO rising v PVCC LVL=1,PVCC UVLO=0| 4.6 5 54 \%
threshold PVCCUVIOR Tpycc LVL=1,PVCC_UVLO=1]| 6.1 6.5 6.9 v
PVCC UVLO falling vV PVCC LVL=1,PVCC UVLO=0| 4.4 4.8 5.2 \%
threshold PVCCWVLOF TpycC LVL=1,PVCC UVLO=1] 5.9 6.3 6.7 Vv
PVCC UVLO hysteresis Vpvee_uvio_Hys 200 mV
PVCC pull-down resistor EN =0, PVCC > 1V 40 kQ
Vin - PVCC, lpvcc = 100mA 2.6 \Y/
PVCC dropout voltage Vpvce_brop Vour - PVCC, lpvee = 100mA 56 V]
AVCC regulation voltage Vavee 4.5 5 5.5 \%
Q\r/ecsi OLIJCY LO rising Vavee_uvio R 3.1 3.3 3.5 V
QY;C;OLQ/LO falling VAvee_uvio_F 285 | 305 | 325 | Vv
AVCC UVLO hysteresis Vavce uvio_Hys 250 mV
AVCC pull-down resistor EN =0, AVCC > 1V 40 kQ
AVCC dropout voltage Vavce_po PVCC - AVCC, lavcc = SmA 1.2 \%
Output Voltage (Vour) Regulation
T;=25°C -1% +1% Vour
©)
Vour accuracy Vourace  [T,=-40°C to +150°C 2% +2% | Vour
Power Good (PG)
. Vour rising 94 96 98 %
PG rising threshold PGrising Vour falling 102 104 106 %
. Vour falling 93 95 97 %
PG falling threshold PGeraLLING Vour rising 103 105 107 %
PG sink capability Irc = 4mA 200 mV
Switching Behavior
TG source resistance Rtc_source | Vasst - Vsw = 10V 2.5 Q
TG sink resistance Rt1c_sink Vest - Vsw = 10V 1.5 Q
BG source resistance Rec_source | Vpvce = 10V 2.5 Q
BG sink resistance ReG_sink Vevee = 10V 1 Q
225 250 275
oo Set via OTP register 0x00h 427 475 523
Q] ,
Switching frequency fsw bits[6:0] 900 1000 | 1100 kHz
1800 | 2000 | 2200
Minimum off time toFF_MIN 80 100 ns
Minimum on time @ toN_MIN_BG 90 150 ns
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MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

ELECTRICAL CHARACTERISTICS (continued)

Vin = 12V, Veny = 5V, T3 =-40°C to +150°C, typical values are at T; = 25°C, unless otherwise noted.

Vesa - Vese = 0.5 X VRer cLp

Parameter Symbol |Conditions Min Typ | Max | Units
MAX_DUTY, bit[0] = 0, 0
Maximum duty cycle Dwmax DEAD_TIME :.OO - % % °
MAX_DUTY, bit[0] = 1, 90 %
DEAD_TIME =00
Set via the I°C, DEAD_TIME =00 40
CrLoap = 4.7nF, _
Dead time (DT) (BG falling DEAD_TIME = 01 60 ns
50% to TG DEAD_TIME =10 80
rising 50%) DEAD TIME =11 100
Enable (EN)
Enable turn-on threshold VentH R | Venrising 1.1 1.2 1.3 V
Enable turn-off threshold Venti F | Ven falling 0.9 1 1.1 V
Enable threshold hysteresis VENTH_HYS 200 mV
Enable pull-up current len_pPLup | Ven =0V, 5V 0.5 2 MA
Synchronization
SYNCI high voltage VsvyNcH 2 \%
SYNCI low voltage VsyneL 0.8 \%
SYNCIN frequency range fsync -20% +20% | fsw
SYNCIN frequency division SYNCI_DIV=1 0.5 fsyne
SYNCI_PHASE =0 0 deg
SYNCIN phase SYNCI_PHASE = 1 180 deg
SYNCO high voltage Isynco = 1mA (source) A\égg A\O/Cl(s: \%
SYNCO low voltage Isynco = -1mA (sink) 0.15 | 0.25 \%
Communications Enable
COM high voltage VcowmH 2 vV
COM low voltage VecomL 0.8 V
Current Sense (CS) and Limit
Vcsa - Vess, ILIM_REF = 000 18 25 32
Peak current limit reference Vosa - Vesa, ILIM_REF = 001 42 50 58
voltage (Vrer) Vrer ctp | Vesa - Vess, ILIM_REF = 010 65 75 85 mV
Vesa - Vess, ILIM_REF = 011 90 100 | 110
Vesa - Vess, ILIM_REF = 111 180 200 | 220
Vesa - Vess, Vrer_cLp < 100mV 60% | 80% |100%| VR
Valley current limit Vrer VREF_cLV Vi'-EPF
Vecsa - Vess, VRer_cLp 2 100mV 68% 80% | 92% CLP*
Reverse current limit Vrer VREF CLN 15% | 30% | 50% V:LEPF*
Zero-current detection (ZCD) Vaco 1 6 +13 | mv
voltage
CS error amplifier (EA) gain Kcs 9 10 11 VIV
Control
VREF_cLp < 190mV, o5 VIV
. Vecsa - Vess = 0.5 X VRrer cLp
Vcsa - Vess to Vivon gain Vaer cip > 100MV
- ' 12,5 VIV
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mps MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

ELECTRICAL CHARACTERISTICS (continued)
Vin = 12V, Veny = 5V, T3 =-40°C to +150°C, typical values are at T; = 25°C, unless otherwise noted.

Parameter | Symbol |Conditions | Min | Typ | Max | Units
Error Amplifier (EA)
Transconductance Om 1 2 3 mA/NV
COMP voltage Vcomp | Vesa - Vess = OV 1 \%
COMP source current Icomp_src | Vcomp = 1.25V 120 MA
COMP sink current Icomp_snk | Vcomp = 0.95V 120 MA
Thermal Protection
Thermal warning Trw 105 125 145 °C
Thermal warning hysteresis TTw_Hys 20 °C
Thermal shutdown ) Trsp 150 170 190 °C
Thermal shutdown hysteresis | Trsp Hys 20 °C
I°C Interface Specifications
Input logic low Vi Vio = 3.3V 0 0.4 V
Input logic high ViH Vio = 3.3V 2.1 \%
Output logic low VoL lLoap = 3MA 0.4 \%
SCL clock frequency fscL 400 kHz
SCL high time tHiGH 0.6 us
SCL low time tLow 1.3 us
Data set-up time tsu_pat 100 ns
Data hold time tHD_DAT 0 0.9 us
Sgrtr;lrjﬁazrge for a repeated start tsu_sTA 0.6 us
Hold time for a start command tHD_sTA 0.6 us
Bus free time between a start t 13 S
and a stop command BUF ' H
Set-up time for a stop command | tsu_sto 0.6 us
SCL and SDA rise time tr 20 300 ns
20 x
SCL and SDA fall time tr (Voo / 300 ns
5.5V)
Suppressed spike pulse width tsp 0 50 ns
ICapacnance bus for each bus Ce 400 bF
ine
Notes:
6) Not tested in the entire option range. Only guaranteed for the specified option, which is the default values pre-configured in the OTP
register.

7) Guaranteed by design and characterization.
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mps MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

ELECTRICAL CHARACTERISTICS (continued)
Vin = 12V, Veny = 5V, T3 =-40°C to +150°C, typical values are at T; = 25°C, unless otherwise noted.

Parameters | Symbol | Conditions | Min | Typ | Max | Units

SPI Interface Specifications

SCL period tspi 250 ns

SCL low time tscLL 125 ns

SCL high time tscLH 125 ns

Time between SCL falling edge Falling IMON < 0.8V, rising

and IMON data valid tsov IMON > 2V 0 50 ns

S_DA set-up time before SCL tais 30 ns

rising edge

SDA hold time after SCL rising tam 30 ns

edge

COM set-up time before first

SCL falling edge tscs 125 ns

COM hold time after last SCL

- tHes 62.5 ns

rising edge

Delay between COM rising edge

and IMON tri-state tsoTR 120 | ns

High-level Vin Vinnen | g0 SCh SPAMe =33V v

Low-level Vin VIN_Low g\(/)M’ SCL, SDA; Vio = 3.3V, 0.8 V

Vin hysteresis VIN_HYS (5:\? M, SCL, SDA; Vio = 3.3V, 130 280 mV

IMON output low voltage Vour_tow | AVCC =5V, Iso = 20mA 0.6 \%

IMON capacitance Pull-up resistor = 250Q 50 pF

Minimum time between two SPI t 40 S

commands MIN2SPI H

COM deglitch time tcSN_FILTER 50 85 ns
MPQ3446 Rev. 1.0 MonolithicPower.com 9
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mps MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

I2C TIMING DIAGRAM

~tr  tsusTa
tho_pat

S: Start Command
SR: Repeated Start Command
P: Stop Command

Figure 1: I°C-Compatible Interface Timing Diagram

SPI TIMING DIAGRAM

COM — ; il — tCK”E<_ thes
\scs{_ — /‘—_\_
: : /
SCL
SDA X P X
T tSOTRI —
{
IMON z { wse X X X X_Fs z
Figure 2: SPI-Compatible Interface Timing Diagram
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MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

TYPICAL CHARACTERISTICS

Vin =12V, Ty =-40°C to +150°C, unless otherwise noted.

Shutdown Current vs.

V,y UVLO Threshold vs.

Temperature Temperature
25 3.3
24 A 3.2
23 — 3.1
—~ 22 < 3.0
fj; 21 < 209 ——VIN UVLO Rising |
z 20 s 28 VIN UVLO Falling
5 19 // z 2.7
18 7 > 26
17 25
16 2.4
15 2.3
50 25 0 25 50 75 100 125 150 50 -25 0 25 50 75 100 125 150
TEMPERATURE (°C) TEMPERATURE (°C)
PVCC Regulation Voltage PVCC UVLO Threshold vs.
vs. Temperature Temperature
lpvee = 100mA PVCC_UVLO =0
10.05 j \ \ ] ]
10.04 5.2 PVCC UVLO Rising
10.03 S 51 PVCC UVLO Falling
__10.02 <
S 1001 s 50
$10.00 — N o 4.9
2 9.99 N\ 48
> N =
9.98 4.7
9.97
0.96 4.6
9.95 4.5
50 25 0 25 50 75 100 125 150 -50 25 0 25 50 75 100 125 150
TEMPERATURE (°C) TEMPERATURE (°C)
PVCC UVLO Threshold vs. )
Temperature AVCC Regulation Voltage
PVCC_UVLO =1 vs. Temperature
6-8 I I I I I 5.05
6.7 ——PVCC UVLO Risin 504
- PVCC UVLO Fallin
s 6.6 g 503 /
o 65 | —— S 5.02 //
5 64 ¢ 501 _—
:>: 6.3 | —— > 5.00
> 6.2 4.99 /
6.1 4.98
6.0 4.97
50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
TEMPERATURE (°C) TEMPERATURE (°C)
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mps MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

TYPICAL CHARACTERISTICS (continued)
Vin =12V, T; =-40°C to +150°C, unless otherwise noted.

AVCC UVLO Threshold vs.

Temperature PG Threshold vs. Temperature
3.8 T 115
3t ——AVCCUVLORising | 2 110
35 AVCC UVLO Falling — % iiome—————— 1 = |
S 34 < 100
o 3.3 g
5 3.2 o SpF——71T T T T
3\ 3:1 o) 90 | PG rising threshold@Vo rising g
s 30 5 85| ——PGrising threshold@Vo falling |
> g-g M 80 | ——pG falling threshold@Vo falling |
57 £ 75 | ——PGalling threshold@Vorising |
50 25 0 25 50 75 100 125 150 . 50 25 0 25 50 75 100 125 150
TEMPERATURE (°C) TEMPERATURE (°C)
Switching Frequency vs.
EN UVLO Threshold vs. Temperature
Temperature fsw = 250kHz
<1.30 260
= 258
A 1.25
3 256
O 1.20
I < 254

) . T
Q 112 ——EN UVLO Rising = ;5(2) ~

) 5
T ——EN UVLO Falling 2 ~_

1.05 ' 248 \\\
S 1.00 246 N
= 244
2 0.95
= 242
W 0.90 240

50 25 0 25 50 75 100 125 150 -50 25 0 25 50 75 100 125 150
TEMPERATURE (°C) TEMPERATURE (°C)
Switching Frequency vs. Switching Frequency vs.
Temperature Temperature
fow = 475kHz fow = IMHz
490 1020
485 1015
1010
— 480 ~—_ — 1005
N' 475 N
T I 1000
~ I ~
= 470 —~— < 995 N
B 465 N £ 90 ™

460 980 \

455 975 \

450 970

50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
TEMPERATURE (°C) TEMPERATURE (°C)
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mps MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

TYPICAL CHARACTERISTICS (continued)
Vin =12V, T; =-40°C to +150°C, unless otherwise noted.

Switching Frequency vs. Current Limit Vgge Vs.
Temperature Temperature
fow = 2MHz ILIM_REF = 000
2030 30
2020 |
N
2010 | 25
5 20 s =
3 E - Peak Current Limit VREF
1980 o 15 L —
2 1970 ~— o ——Valley Current Limit VREF
- N i 10 |- ——Reverse Current Limit VREF _|
1960 \ S
1950 5
1940
1930 0
50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150
TEMPERATURE (°C) TEMPERATURE (°C)
Current Limit Vgge Vs. Current Limit Vggp VS.
Temperature Temperature
ILIM_REF = 001 ILIM_REF =010
60 80
50 70
= 40 s 60
= ———Peak Current Limit VREF =~ 50 - ——peak Current Limit VREF |
o 30 |— o 3] o
! — Valley Current Limit VREF ¢ 40 |- Valley Current Limit VREF ~ —
= 20 | Reverse Current Limit VREF > 39 | —Reverse Current Limit VREF |
10 20
0 10
50 -25 0 25 50 75 100 125 150 50 -25 0 25 50 75 100 125 150
TEMPERATURE (°C) TEMPERATURE (°C)
Current Limit Vggg VS. Current Limit Vgge VS.
Temperature Temperature
ILIM_REF =011 ILIM_REF =111
110 220
100 200
—~ 90 180
>
£ 80 < 160
2 70| Peak L E 140 ‘ .
o o0 |- — Peak Current Limit VREF 3 120 — Peak Current Limit VREF
>E.L:‘ ———Valley Current Limit VREF ! ———Valley Current Limit VREF
jg | ——Reverse Current Limit VREF | = lgg ——Reverse Current Limit VREF
30 60
20 40
50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150
TEMPERATURE (°C) TEMPERATURE (°C)
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mps MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

TYPICAL CHARACTERISTICS (continued)
Vin =12V, T; =-40°C to +150°C, unless otherwise noted.

Zero-Current Detection (ZCD)

Voltage vs. Temperature
6.8

6.6
6.4
6.2 ~

6.0

Vzep (MV)

5.8 /

56 F—
54
52

50 25 0 25 50 75 100 125 150
TEMPERATURE (°C)
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MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS
Ven =5V, Vin =12V, Vour = 24V, L = 1pH ®), T = 25°C, unless otherwise noted.

100
90
80
70
60
50
40
30

EFFICIENCY (%)

100

EFFICIENCY (%)
N D ()] [e¢]
o o o o

o

0.60

0.40

0.20

0.00

LOAD REGULATION (%)

-0.20

Efficiency vs. Load Current
Vour = 24V, DCM, PSM enabled,

fsw = 475kHz, L = 1uH (DCR = 1.1mQ),
MOSFET: SIJ462DP

VIN=7V
VIN=9V
VIN=12V
VIN=18V
VIN=23V
10 100 1000 7000
LOAD CURRENT (mA)
Efficiency vs. Load Current
Vour = 24V, FCCM, PSM enabled,
fsw = 475kHz, L = 1uH (DCR = 1.1mQ),
MOSFET: SIJ462DP
VIN=7V
VIN=9V
VIN=12V
VIN=18V
VIN=23V
10 100 1000 7000

LOAD CURRENT (mA)

Load Regulation

Vour = 24V, DCM, PSM enabled,

fsw = 475kHz, L = 1pH (DCR = 1.1mQ),
MOSFET: SIJ462DP

VIN=7V
VIN=9V
VIN=12V
VIN=18V
VIN=23V

10 100 1000
LOAD CURRENT (mA)

7000

EFFICIENCY (%) EFFICIENCY (%)

LOAD REGULATION (%)

100
90
80
70
60
50
40
30

100

80

60

40

20

0.05

0.03

0.01

o
o
H

-0.03

Efficiency vs. Load Current
Vour = 24V, DCM, PSM disabled,

fsw = 475kHz, L = 1pH (DCR = 1.1mQ),
MOSFET: SIJ462DP

VIN=7V
VIN=9V
VIN=12V
VIN=18V
VIN=23V

10 100 1000
LOAD CURRENT (mA)

Efficiency vs. Load Current
Vour = 24V, FCCM, PSM disabled,

fsw = 475kHz, L = 1uH (DCR = 1.1mQ),
MOSFET: SIJ462DP

VIN=7V
VIN=9V
VIN=12V
VIN=18V
VIN=23V

7000

10 100 1000
LOAD CURRENT (mA)

Load Regulation

Vour = 24V, DCM, PSM disabled,

fow = 475kHz, L = 1uH (DCR = 1.1mQ),
MOSFET: SIJ462DP

7000

VIN=7V
VIN=9V
VIN=12V
VIN=18V
VIN=23V

10 100 1000
LOAD CURRENT (mA)

7000
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MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Ven =5V, Vin =12V, Vour = 24V, L = 1pH ®), Ta = 25°C, unless otherwise noted.

Load Regulation

Vour = 24V, FCCM, PSM enabled,

fsw = 475kHz, L = 1uH (DCR = 1.1mQ),
MOSFET: SIJ462DP

0.35
= VIN=7V
8\, 0.30 VIN=9V
= VIN=12V
Ie) 025 VIN=18V
|: VIN=23V
i 0.20
8 0.15
W 0.10
9( 0.05
S) 0.00
-0.05
10 100 1000 7000
LOAD CURRENT (mA)
Line Regulation
Vour = 24V, DCM, PSM enabled,
fqw = 475kHz, L = 1uH (DCR = 1.1mQ),
MOSFET: S1J462DP
S 0.30 e |0=10mA
QZ/ 020 + l0=3.5A
l0=7A
2 0.10 | =
<
5 000 == '
3 /|
W -0.10
[n'd
“ZJ -0.20
—
-0.30
6 9 12 15 18 21 24
Vin (V)
Line Regulation
Vour = 24V, FCCM, PSM enabled,
fow = 475kHz, L = 1uH (DCR = 1.1mQ),
MOSFET: SI1J462DP
S 0.30 e |0=10mMA ,
S 025 |- l0=3.5A /
g 0.20 | lo=7A /
E 0.15 /
3 0.10 /
Q 0.05 - ]
o 0.00 |:7> _ 7
[T \/,
% -0.05
-0.10
6 9 12 15 18 21 24
Viy (V)
Note:

8) Inductor information: XAL1010-102MEB, DCR = 1.1mQ.

LINE REGULATION (%)

Load Regulation

Vour = 24V, FCCM, PSM disabled,
fsw = 475kHz, L = 1uH (DCR = 1.1mQ),

MOSFET: S1J462DP

0.05 VIN=7V
VIN=9V
VIN=12V
0.03 VIN=18V
VIN=23V
o P
-0.01
-0.03
10 100 1000 7000
LOAD CURRENT (mA)
Line Regulation
Vour = 24V, DCM, PSM disabled,
fsw = 475kHz, L = 1uH (DCR = 1.1mQ),
, MOSFET: S13462DP
——10=0.1A
0.10 l0=3.5A
0.08 |- lo=7A
0.06 }
0.04 7,(: -
0.02 | o
0.00 — ——
-0.02
-0.04
6 9 12 15 18 21 24
Vin (V)
Line Regulation
Vour = 24V, FCCM, PSM disabled,
fw = 475kHz, L = 1uH (DCR = 1.1mQ),
MOSFET: SIJ462DP
0.12 ——[0=10mA
0.10 10=3.5A
0.08 | lo=7A
0.06 }
0.04 |~ |
0.02 b4— /]
0.00 N
-0.02 —~—
-0.04
6 9 12 15 18 21 24

Vin (V)
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MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Ven =5V, Vin =12V, Vour = 24V, L = 1pyH @), fsy, = 475kHz, Ta = 25°C, unless otherwise noted.

Steady State
loutr = 0A, DCM

Steady State

lout = 0A, DCM, zoom in

CH3: Vin CH3: Vin
CH4: I BV !_ CH4: 1L ) j"‘n' MN\ i ‘Iw;'l"fyr‘w‘*““.‘\";\ur"."'.."*l 'Ilefl= ‘ “ AAAANA
CH2: Vour PN SN DU . CH2: Vour PN N D D AN .
N | !
| || et ( il
: At \ ; W”‘ i
| - i \,’u\.. i i
CHL1: Vsw ™ CHL1: Vsw [®™
e Jg e | FEM | . 5 S 2
Steady State Steady State
lout = 0A, FCCM loutr = 7A
CH3: Vi . . . ; . 1 ) ', , A CH3:vin B
| ‘." / / \.‘T £\ AU AV / \‘. ".‘ ,u.\
CHa: I | \ IWAVAYAWA Vv " /
CH2: Vour  [pH+ - CH2: Vour
CH1: Vsw ™ L U CH1: Vsw
_G. :::3“ : S.004 B 3U5 éMEi?n”lss ZDO\J ::”::: ?- 9 10.0 4 y “2UU|J EMEQ \r’l‘tss OC.‘
Start-Up through VIN Start-Up through VIN
lour = 0A, DCM lout = 0A, FCCM
CHE Vi E_________/ _______________________ CHB: i .9_/ _______________ ;
CH2: Vour B — : CH2: Vour 24 S — &
CH4: IL I s b=l cHa L |
CH: Vew ---—--/ . CHL Ve | .
I R o I 2
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mes

MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Ven =5V, Vin =12V, Vour = 24V, L = 1pH @), fsy = 475kHz, Ta = 25°C, unless otherwise noted.

CH3: Vi

CH2: Vour
CH4: I

CHL: Vsw

CH3: Vin

CH4: I
CH2: Vour

CH1: Vsw

CH3: Ven

CH2: Vour
CH4: I

CH1: Vsw

Start-Up through VIN
loutr = 7A

135MS/s
SM points

Shutdown through VIN
loutr = 0A, FCCM

25.0M8/3
M points

Start-Up through EN
loutr = OA, DCM

S0.0MS/3
SM points

=

CHS3: Vi

CH4: I
CH2: Vour

CHL: Vsw

CHS3: Vi

CH2: Vour

CH4: I

CH1: Vsw

CH3: Ven

CH2: Vour
CH4: I

CH1: Vsw

Shutdown through VIN
lout = 0OA, DCM

b h
[—*
B!
L/
T " |[2I).0ms 25.0M8/5 [z 8

100V & 9 S.004 & SM points 7.00%
Shutdown through VIN
loutr = 7A

S O
Start-Up through EN
lout = 0A, FCCM
4

15 i
o
L ............ | | |
R T Ak
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mps MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Ven =5V, Vin =12V, Vour = 24V, L = 1pH @), fsy = 475kHz, Ta = 25°C, unless otherwise noted.

Start-Up through EN Shutdown through EN
lout = 7A lour = 0A, DCM
e ——————— 1
TRV ~ SEEE——— 7 : CH3 Vex I = '
(CRPIAVETI = SO — CHa:lL [ S
cHa L ol CH2: Vour PP : :

CHL1: Vsw [™® . . : ’ : : ; CHL1: Vsw ™ : } ‘: : : : : :
- e X - T i A
Shutdown through EN Shutdown through EN
lout = 0A, FCCM loutr = 7A

e e
v b b S v b

CH4: 1L CH2: VC-JUT
CH2: Vour CH4: I
CH1: Vsw CH1: Vsw

E 25.0M5/5 [: b 20.0rms 25.0M5/5 [ 8
@ 1004 & SM points 3,00V o @) 004 & SM points 200
— —

PG in Start-Up through VIN PG in Start-Up through VIN
lour = 0A, DCM loutr = 7A
CH3: Vi [Pl ] CH3 VW [P
CH2: Vour |@ - —{  CH2 Vour |@
CH4: PG i e o R CH4: PG
CH1: Vsw ™ : : : : : : CHL: Vsw ™ .
By @ s i B B By @ s i B 9
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mes

MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Ven =5V, Vin =12V, Vour = 24V, L = 1pH @), fsy = 475kHz, Ta = 25°C, unless otherwise noted.

PG in Shutdown through VIN

PG in Shutdown through VIN

lout = 0A, DCM lour = 7A
o B \. _ b N .
CH2: Vour [Pl s 100 20 et by o CH2: Vour [P i
CH4: PG CHA: PG ol pmmem e
CH1: Vsw " " . CHL1: Vsw i " : 1
]|2C‘I]ms 25.0MS/5 0" [mn: 25.0M5/5 [ I
& SH points 8.00v & M points g00V
PG in Start-Up through EN PG in Start-Up through EN
lout = 0A, DCM loutr = 7A
v b - o ........................... . S L.
CH2: Vour - - CH2: Vour |B N
o TTIETHTRYETY O |
SO (R N HCHIARHIRARLE o .
gL [ he o) T S A
PG in Shutdown through EN PG in Shutdown through EN
lout = 0A, DCM loutr = 7A
CH3: Vex [P, : CH3: Ven I :
CH2: Vour |5 ; > i CH2: Vour
CH4: PG D‘ | CH4: PG
CH1: Vsw [ ‘ :‘ :‘ | : : : CH1: Vsw :
00y W 20.0ms 25.0M5/s [Z 8 ]|z[ ms 25.0M5/s [: 8
Lﬂ 5.00 Y LI - ] & ]| SM points 300¥ & SM points 3.00¥
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MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Ven =5V, Vin =12V, Vour = 24V, L = 1pH @), fsy = 475kHz, Ta = 25°C, unless otherwise noted.

SYNCI and SYNCO Operation

SYNCI and SYNCO Operation

lout = 0A, SYNCI = 380kHz lout = 0A, SYNCI = 570kHz
F = : H—H I“—: _[—-\ : —_ :r- — = r—
CH3: SYNCI — ._._—‘..J L LJ_ CHa: SYNC S R _J L ERERHEE
CHz: o , : CH2 [t ;
SYNCO : ] SYNCO s
S N ANIANIANIAN WA ANWANEDAN e PAAAAAAAAAA
- NNV N VY I FARVARY V) A
CH1: Vsw -‘J ! ‘ : """"J : g CH1: Vsw -
00V & 2.00ps 25065/ ®/ 0045 2.5085/5 7
S0V & 9 1004 By ][ SM points 210 [ 5M points 21[\' ‘
SYNCI and SYNCO Operation SYNCI and SYNCO Operation
lout = 7A, SYNCI = 380kHz lout = 7A, SYNCI = 570kHz
CH3: SYNCI . : ——‘ - == == {1 CH3: SYNCI J - L SRS
CH: IR CH: D' 7
SYNCO LA EE i A SYNCO ............. . B
AVAVAVAN/A /\/\/\/\/\/ VAVAVAVAVAY.
CH4: I """ T """ : ; CH4: I : —‘ H m m
CH1: Vsw : ‘-J : . CHL: Vsw : L
i ?»433?""2 Ez'm[v S o A |[ 0045 E mffs zlcv
OCP Entry OCP Steady State
lum = 25mV, Rsense = 2mQ, loutr = 3.5A to 7A ILm = 25mV, Rsense = 2mQ, lout = 7A
CH3: CH3: ot u W W LJ 8
SYNCO SYNCO P L
CH2: Vour CH2: Vour /\W‘\/\
CH4: I CH4: I
CHL: Vsw CHL: Vsw . il _ ,' _
éMC;lauﬁs 2 z\v e ngc;a‘:tss ;v }___—
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MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Ven =5V, Vin =12V, Vour = 24V, L = 1pH @), fsy = 475kHz, Ta = 25°C, unless otherwise noted.

Cold Crank Cold Crank
Vin =12V to 3V to 6V, lout = 0A, DCM Vin =12V to 3V to 6V, lout = OA, FCCM
CH3: Vin CH3: Vin
CH4:IL ™ CH4: I
CH2: Vour CH2: Vour
CH1: Vsw ; L : . , : ' v CH1: Vsw
CHI T G S .
Cold Crank
ViNn = 12V to 3V to 6V, lout = 5A
 —————— ] I —]
MWW
CH3:Vn o :
CH2: Vour
CH4: I
CH1: Vsw " . ;
S
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mps MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ven =5V, Vin = 12V, Vour = 24V, L = 1uyH @), fgw = 475kHz, dual-phase, Ta = 25°C, unless otherwise
noted.

Steady State Steady State
lout = OA lout = 14A
pun "'"| N e O, 1
o pUUTUUUTTUY e PUUUTULTUUUY
Vsw_MASTER Vsw_MASTER
CH3: g\/\/\/\/\/\/\/\/\/\/\ B IEVaVe Ve VeV WAV aVe Ve Ve
IL_MASTER CH3: o
- - : : : - : ILmaster | b
CH2: g , L cHz: 7
Vsw_sLAVE s ] Vsw_sLAVE - ]
T e AT VT e VAV AN N
CH4: IL_sLave |”/\/\/\/\/\WM CH4: g 1
k ¥ ¥ ¥ 4 4 : . ] | 4]
. : : . | : . : ] IL_sLAavE : ) . . ; ; :
007 & 2.00ps 25065/ [N 00V & ][Z_Jl]us 2.5065/5 [
E 10.04 & 9 1004 B ][ SM points 240V _G' 2004 & 9 .04 B M points 240
Start-Up through VIN Start-Up through VIN
lout = 0A lout = 14A
g 1 - - 4
CHL: Vi [ : CHL: Vi
CH2: Vour |pimwssssessssy’ . . . N I CH2: Vour
CH3: - . J CH3:
IL_MASTER B IL_masTer
s CH4: . . ]
CH4: IL_siave |@ " IL_sLAvE
Doi w e i . ][‘Jﬂms é;‘;gﬁs j::gj : [ ST ][('mms érz:;fﬁs ojv
Shutdown through VIN Shutdown through VIN
loutr = 0A loutr = 14A
[TekPrevy | _ I =
_—-\ 4
CHL: Vin B e ————— ' CHL: Vin ™ T ———
CH2: V, —
CH2: Vour o
CH3: CH3:
ILiMASTER ILiMASTER
CH4: IL_sLave
CH4:
‘uwx v o ][ZU‘Ums 25‘UMG/§ [T IL_sLave
0.0 ﬂ by 5M paints 6,40V T Y
P o CRT N VI SM points 640V
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MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Ven =5V, Vin = 12V, Vour = 24V, L = 1uyH @), fgw = 475kHz, dual-phase, Ta = 25°C, unless otherwise

noted.
Start-Up through EN Start-Up through EN
lout = OA lout = 14A
..... SEREERRES -
CH1: Ven '-"—'—JZ — ] CHI: Ven
CH2: V,
o f CH2: Vour
CH3: CH3:
IL_MASTER IL_MASTER
CHa 1 s e cha |y .
_ . . L . N |L7$LA\/E _ _ . . . : . .
I T R T
Shutdown through EN Shutdown through EN
loutr = 0A lout = 14A
!_'_—'1 l T ;
CHL: Ven [  ©  o— m—— = CHL: Ven .
CH2: Vour ff T T CH2: Vour
cHa: crz: [ NG ..
IL_MASTER IL_MASTER - : :
CH4: I_sLave CHa4: : ]
. : : IL_sLave . .
][ZC‘ﬂms 35.0M5/s A SO0V |[4.E|Ums 125M5/5 K
& SM points 2.00 _9 04 9 2 W 5M points 2.0V
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mps MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

FUNCTIONAL BLOCK DIAGRAM

COM CSA CSB
—————{———————— ———n
Internal Regulator I
EN & Enable Circuitry
cL I
SYNCI V|N2||’_V0UT J/
VIN PvCC I
Regulator Oscillator & | /M ’ Current Sense & DIMON
K Slope z - Current Limit Control
PVCC[EF—————J

t' AVCC ‘
AVCC Regulator FSS

foy Slope PVCC

BST I:li PWM Control BG Driver

|

|

|

4

: 1 11
l_D

Mode ate

Dead Dri

T Y river
G Time

TGl I Driver L
- ovP I
SWD—‘ TGate
Driver I

Divider V! T
srcol J— e | [, eueerivou

- Ves

T\

I +H— SS

—
2C & Online Mode ct SYNCIN fsw | TG Enable PG
SCL ; - » Dead Time Enable MODE Fss PG
Registers oTP ss ovp Slope PvCC
SDA | I gl Pages)_» ocP Gate Driver Vier Divider 1 AGND

Master/Slave Rev Code Address Code

Figure 3: Functional Block Diagram for the I?C Interface
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mps MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

FUNCTIONAL BLOCK DIAGRAM (continued)

BG

BST I:li PWM Control BG Driver

Gate —

I 16 Y Dead ~ Mode Driver

Time

TG I;l Driver \
swl3— o
Driver

SYNCOL{J— SYNCOUT - " Jvourt

PGND

CSA CSB
— e — e—— —— —— —— —— —— —— — —— — — —_—— — -
Internal Regulator I
EN & Enable Circuitry
cL I
SYNCI Vi OF Vour l
VIN I
PvCC
Regulator Oscillator & | /W 5 e Current Sense & I
K Slope - Current Limit Control
PVCClJ__'—‘ |
AVCC ‘
AvVCC Regulator FSS |y, Slope PVCC |

T\

OovP

Control - Ves

M 4 Ve I
I +H— SS
Online Mode CL SYNCIN fsw TG Enable PG
SCL D— SF_)I & - »{ Dead Time Enable MODE FSS PG ‘{
Registers OTP Ss ovP Slope PvCC
SDA | I ™2 Pages) P _ocP Gate Driver Vaee__|_Divider L AGND
Master/Slave Rev Code Duty Code -
L - ————————— (- ——— —
IMON COM COMP
Figure 4: Functional Block Diagram for the SPI Interface
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MPQ3446 — 55V, WIDE-INPUT, SYNC BOOST CONTROLLER, AEC-Q100

OPERATION

The MPQ3446 is a 6V to 55V, wide-input,
synchronous boost controller, and features all
of the functions necessary to implement a
highly efficient synchronous boost regulator.
The regulator control method is based on peak
current mode control. The switching frequency
(fsw) can be adjusted from 250kHz to 2.5MHz or
directly synchronized to an external source. The
MPQ3446’s 180° shifted clock output enables
easy two-phase configuration.

The MPQ3446’s operation can be understood
by referring to the Functional Block Diagrams
(see Figure 3 on page 25 and Figure 4 on page
26).

Normal Operation

The MPQ3446 uses a constant-frequency, peak
current mode architecture to regulate the output
voltage (Vour).

In boost operation mode, the N-channel low-
side MOSFET (LS-FET, M2) is driven via the
BG pin and turns on at the beginning of each
cycle to increase the current limit. The BG pin’s
typical minimum on time is about 90ns. The
inductor current (1) ripple is sensed back as the
voltage difference across the CSA and CSB
pins (Vsense). Vsense is then amplified and
compared to the error voltage (Vcowmp), Which is
an amplified error signal between the reference
voltage (Vrer) and the feedback voltage (Ves).
When these two voltages are the same, the
pulse-width modulation (PWM) comparator
turns off M2 and forces I into the output
capacitor (Cour) through the high-side MOSFET
(HS-FET, M1).

This causes I, to decrease. The TG pin’s typical
minimum on time is about 80ns. The peak I. (Ipx)
is controlled by Vcowme, which in turn is
controlled by Vour. IL regulates Vour to satisfy
the load. Current mode regulation improves the
transient response and control loop stability.

Light-Load Operation

The MPQ3446 features two light-load operation
modes: discontinuous conduction mode (DCM)
and forced continuous conduction mode
(FCCM). DCM and FCCM can be configured
via register USEROO (00h), bit[10]. In DCM, the
MPQ3446 employs a zero-current detection
(ZCD) circuit. Once I, falls below the ZCD level,

TG turns off until the next clock cycle. In FCCM,
the MPQ3446 works with a fixed preset
frequency at any load. I is permitted to go
negative while maintaining the switching
frequency (fsw) constant even under no-load
conditions.

Pulse-Skip Modulation (PSM)

If register USERO2 (02h), bit[10] is set to O, the
MPQ3446 employs pulse-skip modulation
(PSM). When PSM is enabled and Vcome drops
to the clamp level during no-load or ultra-light
load conditions, switching is temporarily
stopped.

The stopped power stage does not resume until
Vour drops below its target. Then Vcowe exits
from the clamp level and the power stage
resumes normal operation. The part keeps
switching until Vcome drops back to the clamped
level. If the output current (lout) is high enough
that Vcowe is no longer dropped to the clamp
level, the MPQ3446 enters DCM or continuous
conduction mode (CCM) and achieves a
constant fsw. PSM can be used to minimize
power loss, improve efficiency, and decrease
the Vour ripple during ultra-light load conditions.

Maximum Duty Cycle

When designing a boost converter, the
maximum duty cycle (Duax) should be reviewed
at the minimum supply voltage (Vinginy). Dmax
can be set to 86% or 90% via register USER02
(02h), bit[8]. The Vinwminy Value required to reach
the target Vour can be estimated with Equation

(1):

\/IN(MIN) = VOUT (l_ DMAX) + IIN(MAX)X(RDCR + RSENSE) (1)

+R xD

+IIN(MAX)XRDS(ON)_HX(1_ DMAX) DS(ON)_L M max

Where linax) is the maximum input current (Iin),
Rocr is the DC inductor resistance, Rsense is the
current-sense resistor, Rpson) 1 IS the HS-FET
on resistance, and Rpson L iSs the LS-FET on
resistance.

Over-Current Protection (OCP)

The MPQ3446 supports configurable cycle-by-
cycle current limiting. Register USEROL,
bits[13:11] determine the desired current limit
level. Rsense should be placed between the
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CSA and CSB pins to detect I.. Once the sense
voltage (Vsense) exceeds the current limit reference
(lum rer), BG turns off and TG turns on to
discharge I until 1. ramps down to the valley
current limit. Then the part begins the next
charging cycle. The valley current limit is 80%
of the MPQ3446’s peak current limit, and
automatically adjusts according to the peak
current limit register setting. A small, 300ns
deglitch time for both the peak current limit and
valley current limit can avoid mistriggering
during high-current operation.

Reverse Current Limit

The MPQ3446 has a reverse current limit, for
which the value is 30% of the set peak current
limit. In FCCM, if the reverse current exceeds
the reverse current threshold, the device
terminates the switching cycle and both the HS-
FETs and LS-FETs remain off for the rest of the
switching cycle. The current limit prevents the
reverse current from dropping too low and
damaging the components.

Configurable Frequency and Frequency
Spread Spectrum (FSS)

fsw can be adjusted to be between 250kHz and
2.5MHz, and can be configured via register
USERO0O0 (00h), bits[6:0].

To optimize EMI performance, the MPQ3446
features frequency spread spectrum (FSS). The
FSS modulation frequency and modulation
range are set via register USERO03 (03h),
bits[15:14] and bits[13:12], respectively. Once
FSS is enabled and configured via register
OTP_USER_RESERVE (1Eh), bit[4], triangular
frequency modulation mode is used to vary fsw
within a certain range above or below the
reference frequency. fsw varies from its lowest
value to its highest value, then drops back to its
lowest value in a whole modulation cycle.
Figure 5 shows FSS.

Frequency geference Freq.
Spreed @ ————-—>—~—"—"—"—"T - "
Spectrum | FSS_SPAN ‘

Modulation Cycle
Internal |'| |'| |'| |'| ""H”"HH"" |'| |'| |'| |'|
SW Clock
Figure 5: Frequency Spread Spectrum

IMON

The IMON pin outputs a voltage proportional to
the voltage sensed back between the CSA and

CSB pins (Vsense). Connect a 1nF to 10nF
decoupling capacitor between the IMON and
AGND pins to filter the noise at IMON.

When Vsense exceeds 15mV, if Vger cip <
100mV is selected, the gain of (Vcsa - Vese) to
Vivon IS about 25. If VREF_CLP > 100mV is
selected, the gain of (Vcsa - Vcsg) t0 Vivon is
about 12.5. Figure 6 shows the relationship
between Vivon and Iin.

Vimon VS- Vesa - Vess

900 ‘ ‘ ‘ \ \
800 ——VREF_CLP=50mV ,/
200 —— VREF_CLP=100mV /
— VREF_CLP=200mv
Z 600 //
‘% 500 /
=
= 400 g
300 —
200 _74/‘ |
100 |

0 5 10 15 20 25 30 35 40
Vesa - Vese (MV)

Figure 6: Vivon VS. Vcsa - Vess

Current Sense and Slope Compensation

The MPQ3446 features a high-side (HS)
current-sense (CS) amplifier with a gain of 10. I.
is sensed back between the CSA and CSB pins
for closed-loop regulation and over-current
protection (OCP). Place Rsense in series with
the inductor for good CS accuracy.

The MPQ3446 provides an internal slope
compensation ramp to prevent subharmonic
oscillation at high duty cycles. For duty cycles
greater than 50%, peak current mode
regulators are subject to subharmonic
oscillation. Subharmonic oscillation is normally
characterized by observing alternating wide and
narrow duty cycles. Slope compensation can
eliminate subharmonic oscillation by adding an
artificial ramp to the sensed I.. The device
generates the slope compensation ramp using
a sawtooth current source. This current flows
through an internal resistor, and the slope
compensation can be configured via register
USEROL1 (01h), bits[2:0].
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The slope compensation is from 0.1V X fsw
(typical) to 0.8V x fsw (typical) with a 0.1V step.

COMP

The MPQ3446 includes internal feedback (FB)
resistors that are set based on the Vour
selection configured via register USER02 (02h),
bits[7:0]. The FB resistor divider connects to an
internal transconductance error amplifier (EA).
The internal transconductance EA source and
sink currents are proportional to the difference
between the FB resistor divider voltage (Ves)
and internal Vgrer. The EA output connects to
the COMP pin, allowing the use of a Type 2
loop compensation network (see Figure 7).
Rcomp, Ccomp, and Cpoe loop compensation
components configure the EA gain and phase
characteristics to achieve a stable loop
response.

COMP
| Ccomr

CPOLE

Rcowmp

Figure 7: Compensation Network

VCC Power

The PVCC pin powers the MPQ3446’s internal
driver circuits, while the AVCC pin powers the
rest of the blocks. The PVCC power is
regulated to 10V from the VIN or VOUT pin,
and requires a minimum 4.7uF high-quality,
low-ESR ceramic capacitor for decoupling. The
PVCC under-voltage lockout (UVLO) threshold
can be configured via register USEROO (00h),
bit[11]. The AVCC pin is regulated to 5V from
the PVCC pin, and requires a minimum 1uF
ceramic capacitor for decoupling.

Soft Start (SS)

The MPQ3446 provides an internal soft start
(SS) to control the Vour slew rate under low Vi
conditions. With the proper slew rate control
and output filtering capacitor selection, the
inrush current at Vin can be well controlled. Vour
slew rate control can be configured using
register USERO1 (01h), bits[10:8] via the I°C or
SPI.

BG, TG, and BST Functionality

The MPQ3446 generates two complementary
gate driver signals to control the LS-FET and
HS-FET via the BG and TG pins, respectively.
The BG pin is directly powered from PVCC,
while the TG pin is powered by the floating
capacitor (Cgsrt) across the BST and SW pins.
An external low-leakage diode must be placed
between the PVCC and BST pins to charge
Cest While the LS-FET is on, a 1N4148 is
recommended. It is also recommended to place
a 1N4148 diode between the BST and SW pins
to prevent BST-SW voltage (Vsst-sw) from being
discharged to less than -0.3V.

Enable (EN)

The EN pin enables and disables the MPQ3446.
When the applied voltage exceeds the 0.8V
threshold, the MPQ3446 starts up some of the
internal circuitry (micro-power mode). If the EN
voltage (Ven) exceeds the 1.2V threshold, the
MPQ3446 enables all functions and starts boost
operation. If Vg falls below the 1.0V threshold,
boost operation turns off. To completely shut
down the MPQ3446, pull EN below the 0.5V
shutdown level. Do not float the EN pin if it is
not used.

SYNCI and SYNCO

fsw can be synchronized to the falling edge of
the clock signal applied at the SYNCI pin. The
recommended SYNCI frequency range is
250kHz to 2.5MHz. Ensure that the SYNCI
frequency is +20% of the range of the internal
oscillator. There is no other special limit on the
SYNCI pulse width and off time, but there is
always parasitic capacitance of the pad. If the
pulse width or off time is too short, a clear rising
and falling edge may not be seen due to
parasitic capacitance. A pulse or off time longer
than 100ns is recommended.

The SYNCO can reflect the frequency and
phase of internal oscillator. The phase shift
from SYNCI in clock to SYNCO can be set to 0°
or 180° via register 00h, bit[8], while SYNCO
can be the same or half of SYNCI frequency or
setting swtiching frequency via register
USEROO (00h), bit[9]. The MPQ3446 can also
synchronize with another phase of the
MPQ3446 or another power device altogether.
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Power Good (PG)

The PG pin is an open-drain output and
requires a pull-up resistor to the AVCC pin. PG
is pulled high if Vour is within 96% to 104% of
its nominal voltage, and is pulled low when Vour
is above 105% or below 95% of its nominal
voltage.

Under-Voltage Lockout (UVLO)

The MPQ3446 features input UVLO protection
to ensure reliable output power (Pour).
Assuming the PVCC and EN pins are active,
the MPQ3446 powers on when V\y exceeds the
UVLO rising threshold (typically 3.1V). The
device stops switching when Vy falls below the
UVLO falling threshold (typically 2.55V). This
prevents the device from operating at an
insufficient voltage.

Start-Up and Shutdown

If Vin, Vpvee, and Ven exceed their respective
thresholds, the chip starts up. The reference
block starts first, generating a stable Vger and
current, then the internal regulator for the PVCC
and AVCC pins is enabled. The regulator
provides a stable supply for all operating
circuitries.

Before the power stage begins switching, the
digital controller accesses the one-time
programmable (OTP) memory to load all the
programmed data. It takes about 2ms to 3ms to
preload all the settings to the part.

Four major events can shut down the power
stage and reinitiate SS for the part:

e Vour drops below 50% of the Vour target

e PVCC/AVCC drops below the UVLO
threshold

e The junction temperature (T;) reaches the
thermal shutdown threshold

e Anissue is detected in the OTP circuit

If EN is pulled low, the part initiates a shutdown
sequence. The driver, analog blocks, digital
controller, and base circuitries (such as
bandgap reference and monitors) turn off in that
order.

Over-Voltage Protection (OVP)

If Vour exceeds the preset over-voltage
protection (OVP) threshold (120% of the typical
Vour by default), the part stops switching to
avoid overcharging Vour. A deglitch time (about
60us) is added to prevent mistriggering when
the Vour is approaching the threshold. The OVP
threshold can be set by via register USERO1
(01h), bits[4:3]. Once Vour drops below 103% of
the typical Vour, the part resumes normal
operation with HS-FET and LS-FET switching
to regulate the output.

Thermal Warning and Thermal Shutdown

Thermal warning is indicated and can be read
via the I12C or SPI interface. The warning status
is shown in register SYSTEMO1 (07h), bit[1] if
the silicon die temperature exceeds its upper
threshold (typically 125°C). The warning bit is
set until T, drops below the lower hysteresis
level (105°C).

If T; exceeds 170°C, thermal shutdown triggers
to protect the part. If the junction overheats and
thermal shutdown reaches its threshold, the
device enters a low-power shutdown state with
the MOSFET driver disabled. At the same time,
register SYSTEMO1 (07h), bit[0] is set to 1 and
can be read via the I12C or SPI interface. Once
T; drops below 150°C, the part exits the
shutdown state, register SYSTEMO1 (07h),
bit[0] clears back to 0, and the part reinitiates
SS.
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I2C INTERFACE

The MPQ3446 features an [°C interface to
configure some key parameters.

I2C Serial Interface Description

The I°C is a two-wire, bidirectional serial
interface that consists of a data line (SDA) and
a clock line (SCL). When the lines are idle, they
are externally pulled to a bus voltage (Vsus). A
master device connects to the line and
generates the SCL signal and device address
to arrange the communication sequence. The
MPQ3446 interface is an I°C slave device that
supports fast mode (400kHz). The I°C interface
adds flexibility to the power supply solution.
Vour, the transition slew rate, and other
parameters can be instantaneously controlled
via the I?C interface. It is recommended to leave
trim options for more 1°C addresses to preserve
the possibility of multiple ICs communicating in
one system. Set the 4MSB to 0100b to make
the device compatible with PMBus protocols.

Start and Stop Commands

The master device signals the start (S) and stop
(P) commands to signify the beginning and end
of the I2C transfer, respectively. A start
command is defined as the SDA line
transitioning from high to low while the SCL line
is high. A stop command is defined as the SDA
line transitioning from low to high while the SCL
line is high. Figure 8 shows the start and stop
conditions.

sct | g | — - —— | p |

N— —

Start Condition Stop Condition

Figure 8: Start and Stop Conditions

The master device then generates the SCL
clocks and transmits the device address and
the read/write (R/W) direction bit to the SDA
line.

Data Transfer

Every byte on the SDA line must be 8 bits long.
Each byte must be followed by an acknowledge
(ACK) bit. The acknowledge-related clock pulse
is generated by the master. The transmitter
releases the SDA line (high) during the
acknowledge clock pulse. The receiver must
pull down the SDA line during the acknowledge
clock pulse, so that it remains stable low during
the high period of the clock pulse.

I2C Update Sequence

The MPQ3446 requires a start command, a
valid 1°C address, a register address byte, and
a data byte for a single data update. After
receiving each byte, the MPQ3446
acknowledges by pulling the SDA line low
during the high period of a single clock pulse. A
valid 1°2C address selects the MPQ3446, and the
part performs an update on the falling edge of
the LSB byte.
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SPI INTERFACE
SPI Serial Interface Description

The MPQ3446 features a four-wire SPI
interface with CPOL = CPHA = 1 (SPI mode 3,
clock idle high, sample data at the rising edge).

The MPQ3446 uses the COM (active low), SCL
(serial clock), SDA (serial data input), and
IMON (serial data output) pins to configure the
SPI interface. Communication starts when COM
is pulled low via the SPI master device, and
stops when COM is pulled high. The SPI
master device also controls the SCL pin. Both
the SDA and IMON pins are driven at SCL’s
falling edge, and should be captured at SCL’s
rising edge. The COM pin is kept low while
sending data.

The features of SPI are:
e 24-bit frame size

e Up to 4MHz clock speed

¢ The command and data are shifted as MSB
first, LSB last

e The SDA line is sampled on SCL'’s rising
edge

e The IMON line is shifted out on SCL’s falling
edge

The SPI master device should meet the
following criteria:

e The SPI does not support back-to-back
frame operation. After each SPI transfer,
the COM pin must go from low to high,
then back to low, before the next SPI
transfer can start.

e The minimum time between two SPI
commands, during which the COM pin
must remain high, is 40us.
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REGISTER MAP

Command Code Command Name Type Bytes Page 0

00h USEROO R/W 2 v
01h USERO1 R/W 2 v
02h USERO02 R/W 2 v
03h USERO03 R/W 2 v
06h SYSTEMOO R/W 2 v
07h SYSTEMO1 R/W 2 v
08h MASTER_SLAVE KEY R/W 2 v
1Eh OTP_USER_RESERVE R/W 2 v
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PAGE 0 REGISTER MAP FOR MPQ3446-0000
USERO0O (00h)
Format: Unsigned binary

The USEROO command configures the master/slave mode, enables and disables the device, and sets
the mode under light loads. It can also set PVCC parameters, boost switching frequency (fsw), and
clock synchronicity for multi-phase applications.

Bits Access | Bit Name Description

Controls the master/slave mode.

15 RIW MASTER_SLAVE 1’b 0: Master (default)

1'b 1: Slave

Enables and disables the converter.
14 R/W | DIS_BOOST 1’b 0: Enabled (default)

1'b 1: Disabled

Forces Vin to be the main power source for the PVCC low-dropout regulator
(LDO).

13 R/W FORCEVIN ) o )

1’b O: Follow the internal decision logic (default)

1'b 1: Force Vin to be the main power source
12 R/W RESERVED Reserved.

Sets the PVCC under-voltage lockout (UVLO) level.
11 RIW | PVCC_UVLO 1'b 0: 5V (default)

1b 1: 6.5V

Sets the control mode under light loads.
1'b 1: FCCM (default)

Selects the CLK synchronicity during multi-phase operation.

9 RW | SYNCIDIV 1'b 0: 1x (default)

1'b 1: 0.5x

Selects the CLK synchronicity during multi-phase operation.
8 R/W SYNCI_PHASE 1’b 0: 0° (default)

1’b 1: 180°
7 R/W RESERVED Reserved.

Sets the switching frequency (fsw). LSB = 25kHz, MSB = 1600kHz.
fsw = bits[6:0] x 25kHz + 200kHz

For example:

7'b 0000010: fsw = 250kHz

7'b 0001011 fsw = 475kHz (default)
7'b 0100000: fsw = 1MHz

7'b 1010000: fsw = 2.2MHz

6:0 R/W FS

USERO1 (01h)
Format: Unsigned binary

The USERO01 command configures the current limit, soft-start time (tss), PG function, bypass threshold,
and boost slope compensation.

Bits Access | Bit Name Description

15:14 R/W RESERVED Reserved.
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13:11 R/W ILIM_REF

Sets the current limit threshold.

3’b 000: 25mV

3’b 001: 50mV (default)
3'b 010: 75mV

3’b 011: 100mV

3’b 100: 125mV

3’b 101: 150mV

3'b 110: 175mV

3'b 111: 200mV

10:8 R/W TSS

Sets the Vour slew rate (using the look-up table). The controlled slew rates
are described as follows:

3’b 000: 20.0000 (V/ms)
3’'b 001: 10.0000 (V/ms)
3’b 010: 5.00000 (V/ms)
3’b 011: 2.50000 (V/ms) (default)
3’b 100: 1.25000 (V/ms)
3'b 101: 0.62500 (V/ms)
3'h 110: 0.31250 (V/ms)
3'b 111: 0.15625 (V/ms)

75 R/W RESERVED

Reserved.

4:3 R/W OVP THRESHOLD

Sets the boost over-voltage protection (OVP) threshold.

2’b 00: 105%
2’b 01: 110%
2’b 10: 115%
2’b 11: 120% (default)

2:0 R/W SLOPE_COMP

Selects the boost slope compensation.

3'’b 000: 0.1V/T
3’b 001: 0.2V/T (default)
3'b 010: 0.3V/IT
3'b 011: 0.4VIT
3'b 100: 0.5V/T
3'b 101: 0.6VIT
3'b 110: 0.7VIT
3'b111: 0.8VIT

USERO02 (02h)
Format: Unsigned binary

The USERO02 command configures the device output voltage (Vour), dead time, and duty-related
parameters. It can also activate boost TG control and enable pulse-skip mode (PSM).

Bits Access | Bit Name Description
15 R RESERVED Reserved. Always reads as 0.
Sets boost TG control.
14 RIW TG_ENABLE 1’b O: Turn-off TG control (asynchronous)
1’b 1: Turn-on TG control (synchronous) (default)
Sets the dead time for TG/BG.
2’b 00: 40ns (default)
13:12 R/W DEAD_TIME 2’b 01: 60ns
2’b 10: 80ns
2’b 11: 100ns
11 R/W RESERVED Reserved.
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Enables PSM.
10 R/W | PULSE_SKIP 1’b 0: Enable PSM (default)
1’b 1: Disable PSM
9 R/W RESERVED Reserved.
Sets the maximum duty cycle.
8 RIW | MAX_DUTY 1’b 0: 86% (default)
1’b 1: 90%
Sets the boost controller's Vour.
Bits[7:6] set the ratio of the feedback resistor divider (FB DIV) connected to
the EA. Set via the look-up table, nonlinear control. FB DIV = (1/10)x, (1/20)x,
(1/40)x, (1/50)x.
Bits[5:0] set the internal Vrer for the EA.
Range 1: Boost Vout = 6V - 12V (Vrer = 0.6V to 1.23V, FB DIV = (1/10)x, step
= 10mV/LSB)
Range 2: Boost Vout = 12V - 24V (Vrer = 0.6V to 1.23V, FB DIV = (1/20)x,
step = 10mV/LSB)
Range 3: Boost Vour = 24V - 48V (Vrer = 0.6V to 1.23V, FB DIV = (1/40)x,
7:0 RIW DVS_VOUT step = 10mV/LSB)

Range 4: Boost Vour = 48.5 - 55V (Vrer = 0.97V to 1.6V, FB DIV = (1/50)x,
step = 10mV/LSB)

Equation for Vour DVS control (default Boost Vout = 9V):

8’d000-8'd060: Boost Vour = 6V + 0.1 x value of (DVS_VOUT, bits[5:0])
8’d061-8'd063: Boost Vour = 12V (remains as-is)

8'd064-8'd124: Boost Vour = 12V + 0.2 x value of (DVS_VOUT, bits[5:0])
8'd125-8'd127: Boost Vout = 24V (remains as-is)

8'd128-8'd188: Boost Vout = 24V + 0.4 x value of (DVS_VOUT, bits[5:0])
8'd189-8'd191: Boost Vour = 48V (remains as-is)

8'd192-8'd205: Boost Vour = 48.5V + 0.5 x value of (DVS_VOUT, bits[5:0])

USERO03 (03h)
Format: Unsigned binary
The USERO03 command configures the frequency spread spectrum (FSS) parameters and I1°C address.

Bits

Access

Bit Name

Description

15:14

R/W

FSS_FREQ

Controls the FSS behavior.

2’b 00: 1.95kHz
2’b 01: 3.90kHz
2’b 10: 7.80kHz (default)
2’b 11: 15.6kHz

13:12

R/W

FSS_SPAN

Controls the FSS behavior.

2’b 00: +6.25% of fsw (default)
2’b 01: +12.5% of fsw

2’b 10: £18.75% of fsw

2’b 11: +25% of fsw

11:4

R/W

SLAVE_ADDR_KEY

Sets the I°C address access unlock key. Set these bits to 8’'h A8.

3.0

R/W

ADDRESS_CODE

Sets the 1°C address (default 4'h 8).

SYSTEMOO (06h)

Format: Unsigned binary
The SYSTEMOO command configures different protections for the MPQ3446.

Bits Access | Bit Name Description
15:13 R RESERVED Reserved.
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12 RW | BOOST OCP_EN

Enables boost over-current protection (OCP).

1’b 0: Disabled
1’b 1: Enabled (default)

1 R\ | BOOST_VOUT UV_

Enables boost output under-voltage protection (UVP).

EN 1’b O: Disabled (default)
1'b 1: Enabled
10:0 R RESERVED Reserved.

SYSTEMO1 (07h)
Format: Unsigned binary

The SYSTEMO01 command configures thermal shutdown protection and indicates the PVCC source and

thermal status in real time.

Bits Access | Bit Name

Description

154 R RESERVED

Reserved.

3 RW | THER_SD_EN

Enables thermal shutdown.

1'b 0: Disabled
1’b 1: Enabled (default)

PVCC_POWER

Real-time PVCC source indicator (Vin or Vour).

1'b0: Vour (default)
1'bl: Vi

THER_WARN

Real-time thermal warning indicator.

1’b 0: No thermal warning (default)
1'b 1: Thermal warning

0 R THER_SD

Real-time thermal shutdown indicator.

1’b 0: No thermal shutdown (default)
1'b 1: Thermal shutdown

MASTER_SLAVE_KEY (08h)
Format: Unsigned binary

The MASTER_SLAVE_KEY command is used to unlock the master/slave setting.

Bits Access | Bit Name

Description

MASTER_SLAVE_

15:0 R/W KEY

MASTER_SLAVE unlock key; set these bits to 16’h BC8A.

OTP_USER_RESERVE (1Eh)
Format: Unsigned binary

The OTP_USER_RESERVE command enables FSS.

Bits Access | Bit Name Description
15:5 R RESERVED Reserved.
1’b O: Enable FSS (default)
4 RIW | FSS_EN 1'b 1: Disable FSS
3.0 R RESERVED Reserved.
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APPLICATION INFORMATION

Selecting the Input Capacitor

The input capacitors reduce the V\y ripple. Use
a low-ESR capacitor with a >4.7uF value to
minimize noise. High-quality ceramic capacitors
are preferred, but tantalum or Ilow-ESR
electrolytic capacitors also suffice.

To ensure stable operation, place the input
capacitors as close to the IC as possible. Since
the input capacitors absorb the input switching
current, they require an adequate ripple current
rating. Use a capacitor with an RMS current
rating greater than the inductor ripple current.

It is strongly recommended to place a small,
high-quality ceramic 0.1pF capacitor as close to
the IC as possible to absorb high-frequency
switching noise.

Selecting the Output Capacitor

The output capacitors smooth the Vour ripple
(VrierLe) and provide a charging source during
load transient conditions. Output capacitors
also reduce Vour overshoot if the load suddenly
disconnects. Use ceramic, tantalum or low-ESR
electrolytic capacitors. For the best result, use
low-ESR capacitors to minimize Vgrppe. The
Cour characteristics also affect the regulatory
control system’s  stability. For ceramic
capacitors, the capacitance dominates the
impedance at fsw, and Vgppe iS mostly
independent of the ESR. Vrpepe can be
estimated with Equation (2):

1 Un
Vv
Vooore = hopoX —— 29T @)
RIPPLE LOAD COUTXfSW

Where Vwiepe is the output voltage ripple, Vin
and Vour are the DC input and output voltages
respectively, lLoap is the load current, fsw is the
switching frequency, and Cour is the output
capacitance.

For tantalum or low-ESR electrolytic capacitors,
the ESR dominates the impedance at fsw.
VrippLE Can be calculated with Equation (3):

Where Resr is the equivalent series resistance
(ESR) of COUT-

The Cour ripple current rating must be enough
to handle the output ripple current (lrippLe). By
using multiple output capacitors, IrppLe Can be
split. In practice, ceramic capacitors are placed
closer to the LS-FET and HS-FET than the
electrolytic capacitors to absorb the majority of
IrippLe. It is recommended to use low-ESR
electrolytic capacitors to ensure IrippLe Capability
and also use some additional 10uF ceramic
capacitors, placed close to the switching
components, to minimize switching noise. It is
also strongly recommended to place a small,
high-quality ceramic 0.1pF capacitor as close to
the IC as possible to absorb high-frequency
switching noise.

Selecting the Inductor

The inductor forces Vour to exceed V. A
larger-value inductor results in less ripple
current and reduces the peak inductor current
(I._pk); this reduces the stress on the internal N-
channel MOSFET. However, a larger-value
inductor is also physically larger, has a higher
series resistance, and/or lower saturation
current. Choosing a low-DCR inductor can help
achieve higher efficiency.

A good rule of thumb is to allow the peak-to-
peak ripple current to equal 30% to 50% of the
maximum |. During normal boost operation,
make sure that I._pk is below 75% of the current
limit to prevent regulator losses from the current
limit. Make sure that the inductor does not
saturate under the worst-case load transient
and start-up conditions. The required
inductance (L) can be calculated with Equation

(4):
_ Vin X (Vour = Vin)
oV

out X fsw x Al

L

(4)

Where Al is the peak-to-peak inductor ripple
current, and Al = (30% to 50%) X Iin.

The maximum input current (Iinnmax) can be

1 Vi calculated with Equation (5):
V I xReen x 'V,
Veeee = o X C OLfJT +% \;SR o (3) | . VOUT X ILOAD(MAX) )
X IN(MAX) —
out ” 'sw IN
Vin X1
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Where |l oapmax) is the maximum load current,
Al is peak-to-peak inductor ripple current, Al =
(30% to 50%) x Iy, n is the efficiency, and i is
the average input current with the maximum
load.

Selecting the Current-Sense Resistor
(Rsense)
The MPQ3446 features current limit (Ium)

options from 25mV to 200mV, with a 25mV step.

Ensure that the application can deliver a full
load of current across the full operating
temperature range when setting Im.

The current-sense resistor (Rsense) monitors
the inductor current (I.). Its value is chosen
based on the I,m threshold. The relationship
between the peak current (l,k) and Rsense can
be calculated with Equation (6):

MiLim (6)

IPK

R

SENSE —

The maximum peak | capability should be
30% to 50% greater than the required peak
current at low Vv and full loads to account for
tolerances.

A higher Rsense increases power loss across
the resistor. Considering lour, efficiency, and
lum threshold, the recommended value for
Rsense is between 2mQ and 5mQ.

Selecting the Power MOSFET

The MPQ3446 can drive a wide variety of N-
channel power MOSFETS. The critical
parameters when selecting a MOSFET are:

e Maximum drain-to-source voltage (Vosmax))
e Maximum drain current (Ipmax))

e On resistance (Rps(on))

e Total gate charge (Qg)

e Turn-on threshold (V1n)

Two N-channel MOSFETs must be selected as
the controllers for the HS-FET and LS-FET.

Ideally, the off-state voltage across the
MOSFET equals the boost Vour. Considering
the voltage spike when it turns off, Vpsmax)
should be greater than 1.5 times Vour.

The maximum current through the power
MOSFET occurs when Vi is at its minimum

and Pour is at its maximum. The peak and
average currents through the MOSFET can be
calculated with Equation (7) and Equation (8),
respectively:

1
lnpeak) = ingaverace) + EAIIN (7)
| _ Vour X loap(Max) (8)
IN(AVERAGE) Vo (min)xn

Where Al = (30% to 50%) X |IN(AVERAGE)-

The current rating of the MOSFET should be
greater than 1.5 X linpeak).

The MOSFETS’ Ropsony determines the
conduction loss. The low-side (LS) conduction
loss can be calculated with the Equation (9) and
Equation (10):

V
PCOND(LS) =@ vV ) I|N2 x RDS(ON)_L x1.3  (9)
ouT
Iy = lour X Vour (10)
V,

IN

The high-side (HS) conduction loss can be
calculated with Equation (11):

P —ﬂxl x1.3 (11)

COND(HS) ~ \/
ouT

we % Rosony_n
Where the factor of 1.3 accounts for the
increase in the N-channel MOSFET Rpson) due
to heating. Alternatively, the factor of 1.3 can be
eliminated and the N-channel MOSFET’s high-
temperature Rpson) can be estimated using the
Ros(oon) vS. temperature curves in the N-channel
MOSFET datasheet. A smaller Rpson) can
achieve better efficiency.

Qg is required to estimate the turn-on and turn-
off loss, which affect the switching loss. A small
Q¢ causes a fast turn-on/-off speed, which
decreases the switching loss. A very small Qg
causes the negative spike of SW, so it is
important to choose a suitable MOSFET based
on the specifications.

V14 is also important. GATE is powered via
PVCC, so Vry must be less than PVCC.
Selecting the BST Components

The bootstrap capacitor (Cgst) between the
BST and SW pins supplies the gate current to
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charge the HS-FET device gate during each
cycle’s turn-on period. The recommended Cagst
is 0.1uF. Cgst should be a good quality, low-
ESR, ceramic capacitor located at the pins of
the device to minimize potentially damaging
voltage transients caused by trace inductance.

A low-leakage diode between PVCC and BST
pins is required to ensure that the BST voltage
(Vest) is high enough under all conditions. A
1IN4148 or diode with similar leakage
characteristics is recommended. The Desr
voltage rating should be greater than the peak
SW node voltage. The Dgsr leakage current
should be low enough for the BST charge pump
to maintain a sufficient HS driver supply voltage
at high temperatures. A 1N4148 diode is also
recommended between the BST and SW pins
to prevent the BST-SW voltage (Vast-sw) from
being discharged to less than -0.3V.

Compensation Components

The transconductance EA (COMP) output is
used to compensate for the regulation control
system. The system uses two poles and one
zero to stabilize the control loop. The poles are
Fp1, which is set by Cour and the load
resistance, and Fp2, which starts from the origin.
The zero (Fz) is set by both the compensation
capacitor (Ccomp) and the compensation
resistor (Rcowr). Fp1 and Fz1 can be calculated
with Equation (12) and Equation (13),
respectively:

1
F =
" 2xmx Cour XRioan (12)
1
EF.=
Z2xmxC xR (13)

COMP COMP
Where Rioap is the load resistance.

The DC mid-band loop gain can be calculated
with Equation (14):

0.5x G, x Viy XRoap X Vrer XReowp

A

(14)

vbe —
VOZUT X Rsense X Gsense
Where Vgere is the voltage reference, Gsense is
the current-sense amplifier gain, and Gea is the
EA transconductance.

In this example, the ESR zero locates at a very
high frequency and is not taken into design
consideration.

There is also a right half-plane zero (Frnrz) that
exists in CCM step-up converters where I does
not drop to OA at each cycle. Frupz can be
calculated with Equation (15):

2
Vin XRiomn

2xTxLxV?2

ouTt

=

RHPZ — (15)
Frupz increases the gain and reduces the phase
simultaneously, resulting in a smaller phase
and gain margin. The worst-case scenario
occurs when V)y is at its minimum and Pour is at
its maximum.

To achieve system stability, place Fz1 close to
Fp1 to cancel the pole. Rcomp is adjusted to
change the voltage gain. Ensure that the
bandwidth (Fc) is about 1/10 of the lower value
of the ESR zero or Frupz. Rcomp and Ccowmp Can
be calculated with Equation (16) and Equation
@an:

1 _ 1 (16)
2xMxCoyr XRioap  2XTXCroyp XRegyp
V2 x2xTTxC, . xF. xR x G
Reoyp = out S Olj(TV CXVSENSE SENSE (17)
EA REF IN

If the ESR zero is in a relatively low-frequency
region and results in an insufficient gain margin,
an optional capacitor (CpoLe) should be added
between COMP and GND. Then a pole formed
between Cpore and Rcomp should be placed at
the ESR zero to cancel the adverse effect.
CroLe Ccan be calculated with Equation (18):

1
2xTxR xF

ComP ESRZ

Cooie =

(18)

Interleaved Boost

For dual-phase applications, after unlocking the
master/slave setting via register
MASTER_SLAVE_KEY (08h), set one phase
as the master and the other as the slave via
register USEROO (00h), bit[15]. Once set to
slave mode, the internal EA is disabled.
Connect the slave phase COMP to the master
phase so the COMP voltage (Vcome) is used as
the reference of the PWM comparator and
compared to the current-sense signal to
determine when the LS-FET turns off. Figure 9
on page 41 shows the typical circuit for dual-
phase application.
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M1

R1A L1A [—{>$T Vour
Vin M- YN Y
’_i:“A M2
CSA  CSB BST SW gg a{
OFF[oNo—————eN
o———svnal = —=c7A
o——{com TG
s MPQ3446 vou
—=C1A o——{soa svnc
IMON P
RoA Avce PvccAGND PGNDCOMFAI\/\/\/\I
cont T R con
Tes] o T
M3
R1B L1B [—D&T Vour
Vin N
caB
f M4
it
CSA CSB BST SWpg 4_.{
OFF[ON EN 1
NCI = Tcm
o———COM TG
s MPQ3446 vour
—=CiB o———SDA SYNC
IMON
M
R2B! [AVCC PVCCAGND PGNDCOMI l RVSVB‘L
st L csB coB
Tess] T 1

Figure 9: Dual-Phase Configuration

Connect SYNCI of the slave device to SYNCO
of the master device. To achieve 180° phase
shift operation for the master and slave devices,
follow the steps below:

1. Set the master device’s SYNCI division =
0.5, and set the slave device’'s SYNCI
division = 1.

2. Set the master device’s SYNCI phase =
180°, and set the slave device’'s SYNCI
phase = 0°.

Figure 10 shows SYNCI and SYNCO.

SYNCI Division  SYNCI Phase

1 0°

SYNCI

12 180°

Figure 10: SYNCI and SYNCO

Similarly, when four phases are operating in
parallel, the four phases can be interleaved via
a proper connection and the SYNCI phase and
SYNCI division register setting. Figure 11
shows four-phase configuration.

Master
fsvne fosco (= fsw)
SYNC
SYNCI Division = 0.5
SYNCO SYNCI Phase = 180°
Slavel foscs
SYNCI Division = 1
SYNCI SYNCI Phase = 0°
Slave?2
fosc2
——% >o—SYINCI
SYNCI Division = 0.5
SYNCO SYNCI Phase = 180
Slave3
SYINCI | toscs
SYNCI Division = 1
SYNCI Phase = 0°
fSY - L\L\L\L\L \|;\L\|;\L\|;
[ —
|

IR
!
fOSCO \:
\
I
S T O O A O
S /= /= 4/ 4
o
I
fOSCl }:
Pl
e
fOSCZ

fOSC3

Figure 11: Four-Phase Configuration

Non-Synchronous Applications

When using the MPQ3446 in non-synchronous
applications, the HS-MOSFET should be
replaced with a diode, and the TG pin must be
disabled through via USERO02 (02h), bit[14] to
prevent generation of the HS drive signal.
Figure 14 on page 43 shows the typical
application circuit for the MPQ3446 in non-
synchronous applications.
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PCB Layout Guidelines

Effective PCB layout is critical for stable
operation and low noise in high-frequency
switching regulators. In a boost controller, the
primary switching loop consists of the output
capacitor (Cout) and the switching between
MOSFETs. Minimizing the loop area reduces
the stray inductance and minimizes noise. In
particular, placing high-quality ceramic output
capacitors as close to this loop before the bulk
aluminum output capacitors to minimize the
output voltage ripple and ripple current of the
aluminum capacitors.

For the best results, refer to Figure 12 and
follow the guidelines below:

1. Place all components as close to the IC as
possible.

2. Keep the path between L1, M1, M2, and
Court extremely short to minimize noise and
ringing.

3. Place Ci close to the VIN pin to maximize
decoupling.

4. Tie the Cin and Cour ground returns close to
the GND pin.

?  FoPSWCE ¥ mmuit
3]

-
N0l o s

. ESGs !
ci6Ed L el s
R tae
wer Systems RIES-[ ' '3 re
R e L

ooa’
icpower.com
o o

o

Mid-Layer 2

” o . " % . =

. &M

CRHED o
[ | :
W B ;
[
|:-‘ CINZ
caodl We ;
Top Layer
Bottom Layer
Figure 12: Recommended PCB Layout ©
Note:
9) The recommended PCB layout is based on Figure 13 on
page 43.
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TYPICAL APPLICATION CIRCUITS

L1
amo RN 24VI7A
Vour
Vi = 6V to 24V rgshyiN4148
|
CINL C1H 0.14F
t o oA {C1B [C1C :%%)DF:%OEF:QF LC1C | 160nF s cen |css |csc |cep |cse |csF [csG |csH
63v | 10uF | 10pF | 10uF | 100 HF | 10pF 100nF| 100V ur | (0 [ + CO1  ],CO2 == 10pF == 10uF ==10pF == 10pF ==10pF==10uF==0.1uF=—0. 1uF
— 100V | 100V | 100v [100V |100V |100v | 100V 6 CSA  CSB BST SW 47uF T 47uF 100V | 100V | 100V | 100V | 100V | 100V | 100V | 100V
GRD VIN 100V | 100V
ES 1210 |1210 | 1210 {1210 |1210 |1210 |0603 |0603
RL 7 GND GND GRD
en[ ] EN BG
1kQ
Avce 1
= rjAvee TG
1uF I 16V 100kQ MPQ3446 s
= 10 |p vouT|
PG| G
O 18 9 R6
) pvcC SYNC AA—|sYNco
BST, ot 4] 47uF 3 ik
1N4148) 410 compPP—
SYNCI 3 = scLl2 seL
i) SYNCI 2
R4 C4 spatt R v
0603 ZLicomp 4 c7 é7 =%
2kQ 33nF IMONF=——
1nF. Header 5x2
PGND AGND oNL

50V
C5° 1nF
FP

Figure 13: Typical Application Circuit (Vout = 24V, lout = 7A, fsw = 475kHz, Synchronous Application, I1>°C

Interface)
L1
RS 50 D3A 24VITA
o N Vour
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O Lcn\u _|C1A |ciB |cCiC |C1D |C1E [CIF |ci1G | Cl1H O1UF  M2A | M2B C8A |CBB | C8C |C8D |CBE |C8F |C8G |C8H
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Figure 14: Typical Application Circuit (Vour = 24V, lout = 7A, fsw = 475kHz, Non-Synchronous Application,
SPI Interface)
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TYPICAL APPLICATION CIRCUITS (continued)
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Figure 15: Typical Application Circuit (Vour = 24V, lout = 14A, fsw = 475kHz, Dual-Phase, I°C Interface)
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PACKAGE INFORMATION

QFN-21 (5mmx5mm)
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CARRIER INFORMATION

KDOOOOOOO

Pinl —» 1| 1 e nre
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
MPQ3446GUE-xxXx- QFN-21 .
AEC1-7 (5mmx5mm) 5000 N/A N/A 13in 12mm 8mm
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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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