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MPQ4573

60V, 2.5A, Fully Integrated, High-Efficiency,
Synchronous Step-Down Converter,

AEC-Q100 Qualified

DESCRIPTION

The MPQ4573 is a fully integrated, fixed-
frequency, synchronous step-down converter. It
can achieve up to 2.5A of continuous output
current with peak current control for excellent
transient response.

The wide 4.5V to 60V input voltage range
accommodates a variety of step-down
applications in an automotive input environment.
The device’s 2uA shutdown current makes it
ideal for battery-powered applications.

The MPQ4573's integrated internal high-side
and low-side power MOSFETs (HS-FET and LS-
FET, respectively) provide high efficiency
without the need for an external Schottky diode.
Advanced asynchronous modulation (AAM)
mode achieves high efficiency under light-load
conditions by scaling down the frequency to
reduce switching and gate driver losses.

Features include built-in soft start (SS), enable
(EN) control, and power good (PG) indication.
High-duty cycle and low-dropout (LDO) mode
enable the device to withstand automotive cold
crank conditions.

The MPQ4573 employs over-current protection
(OCP) with valley current detection to avoid
current runaway. It also features short-circuit
protection (SCP) with hiccup mode, input under-
voltage lockout (UVLO), and auto-recovery
thermal protection.

With internal compensation, the MPQ4573 offers
a compact solution that requires a minimal
number of readily available, standard external
components. It is available in a QFN-12
(2.5mmx3mm) package.

FEATURES

Wide 4.5V to 60V Operating Input Range
2.5A Continuous Output Current (lour)
High-Efficiency, Synchronous Mode Control
250mQ/45mQ Internal Power MOSFETSs
Up to 2.2MHz Configurable Frequency
180° Out-of-Phase SYNCO Clock
40uA Quiescent Current (lg)
Low 2uA Shutdown Current
FB Tolerance: 1% at Room Temperature,
2% across the Full Temperature Range
(-40°C to +125°C)
e Selectable Advanced Asynchronous
Modulation (AAM) Mode or Forced
Continuous Conduction Mode (FCCM)
during Light-Load Operation
0.45ms Internal Soft Start (SS)
Remote Enable (EN) Control
Power Good (PG) Indicator
Low-Dropout (LDO) Mode
Over-Current Protection (OCP)
Short-Circuit Protection (SCP) with Hiccup
Mode
Vin Under-Voltage Lockout (UVLO)
e Thermal Shutdown
Available in a QFN-12 (2.5mmx3mm)
Package
e Available in a Wettable Flank Package
e Available in AEC-Q100 Grade 1

APPLICATIONS

Automotive Infotainment Systems
Automotive Lamps and LEDs
Automotive Motor Control
Industrial Power Systems

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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mP MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

TYPICAL APPLICATION

Efficiency vs. Load Current
Vout = 5V, L = 15uH, fsw = 400kHz, AAM
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mP5 MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

ORDERING INFORMATION

Part Number? Package Top Marking | MSL Rating**
*k%
MPgZS?gFgSSS_iEECl*** QFN-12 (2.5mmx3mm) See Below 1

* For Tape & Reel, add suffix —Z (e.g. MPQ4573GQBE-Z).
** Moisture sensitivity level rating.
*** \Wettable flank.

TOP MARKING

BQON
YWW
LLL
BQN: Product code of MPQ4573GQBE and MPQ4573GQBE-AEC1
Y: Year code

WW: Week code
LLL: Lot number

PACKAGE REFERENCE

TOP VIEW
cc™m/
EN SYNCO NC NC
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SR D S B
BsT| 1 SN
swl 2 ] L7 |ene
It ) ‘(""w‘ I3 ) I3 )
30 141 |5 6
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mP5 MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

PIN FUNCTIONS

Pin # | Name |Description

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

2 SW Switch output. The SW pin is the output of the internal power switches.

Power good indicator. The PG pin is an open drain; it requires a pull-up resistor to the power
source. If the output voltage (Vour) is between 90% and 108% of the nominal voltage, PG is

1 BST

3 PG pulled up to the power source. If Vour exceeds 116% or drops below 84% of the nominal
voltage, PG goes low.
Feedback point. The FB pin is the negative input of the error amplifier (EA). To set the
4 FB regulation voltage, connect FB to the tap of an external resistor divider between the output and
GND. The PG and under-voltage lockout (UVLO) circuits use FB to monitor Vour.
5 FREQ |Configurable switching frequency (fsw). To set fsw, connect a resistor to GND.
Internal bias supply. The VCC pin supplies power to the internal control circuit and gate
6 VCC . : .
drivers. Place a 1uF or greater decoupling capacitor close to GND.
7 GND IC ground. Connect the large copper areas of GND to the negative terminals of the input and
output capacitors.
8 VIN Input supply. The VIN pin supplies power to the converter. To reduce switching spikes, place

a decoupling capacitor close to GND, as close to the IC as possible.
9,10 NC No connection. To improve thermal and EMI performance, connect the NC pins to GND.

Mode selection/synchronous output. To force the converter into continuous conduction
ceM/ mode (CCM), connect the _CCM/SYNCO pin to GND via a 10kQ_ to 300kQ resistor. Float_ this
11 SyYNCO |Pin to force the converter into advanced asynchronous modulation (AAM) mode under light-

load conditions. CCM/SYNCO is also a synchronization output pin that can output a 180° out-
of-phase clock to other devices.

Enable. Drive the EN pin above 1.45V to turn the converter on; float or drive EN below 1.12V
to turn the converter off.

12 EN
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MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

ABSOLUTE MAXIMUM RATINGS @

VIN oottt e e e e e e e 65V
VS e ereettetee ettt eeeeeaeen -0.3VtoVin+0.3V
N BT ttttet ettt ettt Vsw + 6V
All other pins ..., -0.3V to +6V
Continuous power dissipation (Ta = 25°C) @
QFN-12 (2.5mmx3mm) ...............c.ooe. 2.08W
Junction temperature ...........cccceieeeeeennnns 150°C
Lead temperature .........ccccceeevviniinnieneeeenn. 260°C
Storage temperature ............... -65°C to +150°C
ESD Ratings

Human body model (HBM) ...................... +2kV
Charged device model (CDM) ................ +750V

Recommended Operating Conditions

Continuous supply voltage (Vin)....... 4.5V to 60V
Output voltage (Vout) -.oeeeneen... 1V to 90% of Vin
Load current range ........ccccceeevvuvvvnnen. OA to 2.5A
Operating junction temp (Ty).... -40°C to +150°C

Thermal Resistance 6;n 0Oic
QFN-12 (2.5mmx3mm)

JESDS51-7® i, 60...... 13....°C/W
EVQ4573-QB-00A @ ................ 45...... 11....°C/W
Notes:

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

2) The maximum allowable power dissipation is a function of the
maximum junction temperature T, (MAX), the junction-to-
ambient thermal resistance 6,5, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp (MAX) = (T;
(MAX) - Ta) / 8;a. Exceeding the maximum allowable power
dissipation can cause excessive die temperature, and the
module may go into thermal shutdown. Internal thermal
shutdown circuitry protects the device from permanent
damage.

3) Measured on 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.

4) Measured on MPS standard evaluation board (8.9cmx8.9cm),
thick 2oz copper, 4-layer PCB.

MPQ4573 Rev. 1.0
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mP5 MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

ELECTRICAL CHARACTERISTICS
Vin = 24V, Ven = 2V, T3 = -40°C to +125°C, typical values are at T; = 25°C, unless otherwise noted.

Parameters

| Symbol

| Condition

| Min | Typ | Max | Units

Input Supply and Under-Voltage Lockout (UVLO)

Quiescent supply current lo No load, Vrs = 0.85V, AAM 40 65 MA
Shutdown supply current Isp Ven = OV 2 5 MA
Vin UVLO rising threshold VIN_uv_RISE 3.8 4 4.2 V
Vin UVLO falling threshold VIN_UV_FALL 3.3 3.5 3.7 V
;]/;/Nstté\l,/eLS%threShom VIN_uv_HYs 500 mV
Output and Regulation
Feedback (FB) reference vV T;=25°C 0.792| 0.8 |0.808 \
voltage REF 17, =-40°C to +125°C 0.784 0.816| V
FB input current Irs Ves = 0.85V 10 50 nA
Switches and Frequency
. Vest - Vsw =5V, T = 25°C 150 | 250 | 350
HS-FET on resistance Rbs(on)_Hs Vest - Vew = 5V, Ty = -40°C to +125°C | 100 500 mQ
. T;=25°C 30 45 60
LS-FET on resistance Rbs(on)_Ls T,=-40°C to +125°C 0 90 mQ
SW leakage current Isw tkc | Ven = 0V, Vsw = OV or 60V 0.1 30 MA
RrrEQ = 76.8kQ 300 | 400 | 500
Switching frequency fsw Rrreq = 28kQ 750 | 1000 | 1250 | kHz
RFreQ = 12.1kQ 1800 | 2200 | 2700
Minimum on time © toN_MIN 90 ns
Minimum off time © torF_mMIN 100 ns
Power Good (PG)
PG current sink VpG sink | Sink 4mA 300 | mV
. Rising edge 70
PG delay time trc_pELAY Falling edge o5 MS
PG leakage current lrc_LKG 10 | 1000 | nA
PG rising threshold Ves rising 90
(Ves / VRrer) PGrisine Veg falling 108 %
PG falling threshold Ves falling 84
(Ve / VRer) PGraie VEg rising 116 %
Enable (EN)
EN rising threshold VEN_RISING 138 | 1.45 | 1.52 V
EN falling threshold VEN_FALLING 1.05 | 1.12 | 1.19 V
EN threshold hysteresis VEN_HYS 330 mV
EN input current lEn Ven = 2V 0.7 A
EN turn-off delay ten_DELAY 5 ys
Bootstrap (BST)
(BST - SW) UVLO 14 | 25 v
(BST - SW) UVLO hysteresis 60 mV
Soft Start (SS) and VCC
Soft-start time tss 0.45 ms
VCC regulator Vce Icc = 0A 4.6 4.9 5.2 V

MPQ4573 Rev. 1.0
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mP5 MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

ELECTRICAL CHARACTERISTICS (continued)
Vin = 24V, Ven = 2V, T3 =-40°C to +125°C, typical values are at T; = 25°C, unless otherwise noted.

Parameters | Symbol [Condition Min | Typ | Max | Units
Protections

Peak current limit threshold Ipk_umit | 20% duty cycle 3 3.9 5.4 A
Valley current limit threshold IvAL_LimiT 3 A
Zero-current detection (ZCD)

threshold Izco AAM -100 | 140 | +300| mA
Negative current limit

threshold INec_umit  |FCCM -2 -1.3 | -0.8 A
Thermal shutdown ® Tsp Rising temperature 170 °C
Thermal shutdown o
hysteresis © Tso_tivs 25 C

Note:
5) Derived from bench characterization. Not tested in production.
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mP MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

TYPICAL CHARACTERISTICS

VN = 24V, T; = -40°C to +125°C, unless otherwise noted.

Quiescent Current vs. Temperature

Shutdown Current vs. Temperature
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mP MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

TYPICAL CHARACTERISTICS (continued)
Vin =24V, T; = -40°C to +125°C, unless otherwise noted.

Peak Current Limit vs.
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mps MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

TYPICAL CHARACTERISTICS (continued)
Vin =24V, T; = -40°C to +125°C, unless otherwise noted.
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mP MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS

Vin = 24V, Vour = 5V, L = 15pH, fsw = 400kHz, Ta = 25°C, unless otherwise noted.
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Efficiency vs. Load Current
AAM, fsw = 400kHz, L = 15pH ©®
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Power Loss vs. Load Current
AAM, fsw = 400kHz, L = 15uH ©
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mP MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 24V, Vour = 5V, L = 15pH, fsw = 400kHz, Ta = 25°C, unless otherwise noted.

Efficiency vs. Load Current
FCCM, fsw = 1IMHz, L = 10pH @

Power Loss vs. Load Current
FCCM, fsw = 1MHz, L = 10pyH @
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mP MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 24V, Vour = 5V, L = 15pH, fsw = 400kHz, AAM, Ta = 25°C, unless otherwise noted.
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Line Regulation
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mps MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 24V, Vour = 5V, L = 15pH, fsw = 400kHz, AAM, Ta = 25°C, unless otherwise noted.

Switching Frequency vs. Input
Voltage
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Notes:
6) Inductor PN: XAL6060-153MEB/C; DCR = 43.75mQ.

7) Inductor PN: XAL6060-103MEB/C; DCR = 29.82mQ.
8) Inductor PN: XAL5030-472MEB/C; DCR=36.00mQ.
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mP MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =12V, Vour = 5V, lour = 2.5A, L = 10uH, fsw = 400kHz, AAM, Ta = 25°C, unless otherwise noted. ©
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65 a5
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CISPR25 Class 5 Peak Radiated CISPR25 Class 5 Average Radiated
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60 60
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Zo 30
E :2 g zz CISPR25 CLASS 5 LIMITS
E 25 E 25
P g2
; 15 51
& 10 “‘f’“\ T g 10
z——NO\SEFLo R R Gt nia i e o i 2 (5) /\/J‘ - I ) )
= =5 '\O‘SEFLOO;R fwm ; I I; 'J“ L lij‘ ] M'ML’“M
_100.1 1 Frequency (MHz) 10 30 -100,1 ‘ “ ‘ F’eq“e"c‘Y(MHl‘) ‘ ‘ 1;1 ‘ 30
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5
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mP MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =12V, Vour = 5V, lour = 2.5A, L = 10uH, fsw = 400kHz, AAM, Ta = 25°C, unless otherwise noted. ©

CISPR25 Class 5 Peak Radiated CISPR25 Class 5 Average Radiated
Emissions Emissions
Vertical, 30MHz to 200MHz Vertical, 30MHz to 200MHz
N VERTICAL POLARIZATION % VERTICAL POLARIZATION
50 50
45 ‘ ‘ _ 4
‘E CISPR25 CLASS 5 LIMITS 3
3% 3°
S % § 35
§ 30 E 30
% % g % CISPR25 CLASS 5 LIMITS
g 20 E 20
g5 ‘MWWWW é 15
e VIV I £
5 |—-NOISE FLOOR 5 M-"‘MM
0 5 E\S% FLOO?‘/W b o
N 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Frequency (MHz) Frequency (MHz)
CISPR25 Class 5 Peak Radiated CISPR25 Class 5 Average Radiated
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:: HORIZONTAL POLARIZATION :z HORIZONTAL POLARIZATION
45 ! . _%
'E CISPR25 CLASS 5 LIMITS £
S0 3%
§.35 B — §35
E 30 — — E 30
E 5 — E % CISPR25 CLASS 5 LIMIT:
2 g2 —
E 15 - g 15 =
10 Z10 _ o porntis
NOISE FLOOR — A
5 5 e
[ o NO\S;E rLoolR
_5200 300 400 500 600 700 800 900 1000 _5100 ‘ 300 400 500 600 700 800 900 1000
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CISPR25 Class 5 Peak Radiated CISPR25 Class 5 Average Radiated
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Vertical, 200MHz to 1GHz Vertical, 200MHz to 1GHz
» VERTICAL POLARIZATION % VERTICAL POLARIZATION
50 + + 50
45 ! == 45
E CISPR25 CLASS 5 LIMITS ‘g
EM) - EM)
S35 S5
: 30 — — H 30
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220 § 20 —
£15 b 215 =
10 OISE FLOOR S 10 _ ™ -~ el
5 5 ) B s st
o 0 V\OH}E FLOOR
5 L

-5
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Note:

9) EMC test results are based on the typical application circuit with an EMI filter (see Figure 9 on page 31), and are tested on the EVQ4573-
QB-00A. The inductor used for EMI testing is XAL4040-103MEB.
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mP MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 24V, Vour = 5V, L = 15pH, fsw = 400kHz, Ta = 25°C, unless otherwise noted.

Start-Up through VIN Start-Up through VIN
lout = 0A, AAM lout = 0A, FCCM
: : : a : : : - : :
CHS3: Vin CH3: Vin B
.............. CH2: Vour
CH2: Vour =4
CHL: Vsw |3 ‘Iw " | “ | | CHL: Vsw — : : : el
RN o CHA I [ el
Chi| :20.0 v: chh:z\ 2.00 V - M[2.00ms :A| Ch:3 i 7_00\; Chil~ 100V Sdisl 2,00 v ;wM|2.00ms Al chi F 12, :IRI\,5
10,0V __wCha[ 2.00 A 05 Ch3[ 10.0V_®Ch4[ 2.00 A 25
Start-Up through VIN Shutdown through VIN
loutr = 2.5A loutr = 0A, AAM

— - - - - - = - -
L] L1}
«
«

CH3:Vin = CH3: Vin &t \-—.—.—.—-—_—.

CH2: Vour
CH2: Vour 24
CH1: Vsw CH1: Vsw WWWMWWW ; ¥
CH4: I =
CH4: I 5
rch1| 10.0V  ®Ch2[ 2.00V &M[2.00ms A Ch3 & 12.8V Chi| 20.0V WCh2[ 2.00 vV M[T0.0ms A Ch3 . 7.00 V|
Ch3 10.0V W 2.00 A 5 10.0 vV 8{Chd4| 2.00 A €26
Shutdown through VIN Shutdown through VIN
lout = 0A, FCCM lout = 2.5A
., 4
CH3: Vin CH3: Vin |3 T
CH2: Vour CH2: Vour
CHL: Vsw CHL: Vsw
CH4: I l
CH4: I e
ERiTe. 0V TRChE 200 VU RMTe. 8ms Al ChE v 12.8 V) Chil 10,0V GGLE|  2.00 ¥ &M/10.0ms & Cha . 12.4 v
Ch3[ 10.0V Bw 2.00 A QR Ch3 10.0V BChd] 2.00 A Q4
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mP MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 24V, Vour = 5V, L = 15pH, fsw = 400kHz, Ta = 25°C, unless otherwise noted.

CH3: Ven

CH2: Vour

CHL: Vsw

CH4: I

CH3: Ven

CH2: Vour

CH1: Vsw

CH4: I

CH3: Ven

CH2: V()UT
CHL: Vsw

CH4: I

Start-Up through EN
loutr = 0A, AAM

=

= e S

Ch3[ 2.00V _®Ch4| 2.00 A 25

MK Zo.ov michz 200w sm[400ps] Al Ch3 o 1.04 V]

Start-Up through EN

loutr = 2.5A

‘——j “
Ex
B

Ch3[ 2.00 vV __®Ch4| 2.00 A <25

Shutdown through EN
lout = 0A, FCCM

ISR

Chi[ 20.0V &JeiF 2.00% &M 1.00s] A Ch3
Ch3[ 2.00V ®&Ch4] 2.00 A 24

1.04 V|

CHS3: Ven

CH2: Vour

CH1: Vsw

CH4: I

CH3: Ven

CH2: Vour
CH1: Vsw

CH4: 1L

CHS3: Ven

CH2: Vour

CH1: Vsw

CH4: I

Start-Up through EN
lout = 0A, FCCM

a

B

Bl 200V RICh2 200 v am[1.00ms A Ch3 £ 2.44 i
Ch3[ 2.00 V__WCh4| 2.00 A 28

Shutdown through EN
lout = 0A, AAM

=

L

Chi| 20.0V W@G# 2.00v &M 1.005] A Ch3 v 1.04V
Ch3[ 2.00V  &Chd| 2.00 A 08

Shutdown through EN
lout = 2.5A

B4

EiE 20.0V  BChZ[ 2.00%V GM[1.00s] A ChZ ~  1.04 V|
Ch3[ 2.00 vV ®Ch4] 2.00 A &5
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mP MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 24V, Vour = 5V, L = 15pH, fsw = 400kHz, Ta = 25°C, unless otherwise noted.

Output Ripple Output Ripple
lout = 0A, AAM lout = 0A, FCCM
:
.......................... CH2: Ik oo oo it
Vour/AC
CH2: Vour/AC
CH4: 1L
FSUVTRTRN =% VRS UUUUE VPO UUS RIS SN SO SN
CH1: Vsw I l W | | | T l CH1: Vsw
[Chi] :10.0 v: chh:z\ 10.0mv'\,” M[ 400us :A| Ch:3 i 1.68\;! SR T0 0V RIEha S50 6my LM 2. 00)s Al EhE —'1.92\;
Ch4[ 500mA 5| S00MmA 28]
Output Ripple SCP Entry
lout = 2.5A lout = 0A, AAM
]
CH2: Vour/AC CH3: Ve |3
e H H | H SR ARSI O T T
CH1: Vsw eI ImTT T T T I l I
CH1: Vsw | L ﬂ ﬂ W
CH4: 1L
3v:h1| 10.0V ®WCh2 50.0mvosM2.00us] Al Ch3 5 300my| Wil 20.0V  BCh2| 2.00V Md.00ms| A Chz * 1.36 V|
Ch3[ 5.00V Bw 2.00 A 25 Ch3| 5.00V &Ch4] 2.00 A Q8
SCP Entry SCP Entry
lout = 0A, FCCM lout = 2.5A
CH3: Vps T CH3: Vrc |3 T
‘ d
CHZ2: Vour I3t e CH2: Vour [z .
CH1: Vsw ﬁ— I l l—-—- CH1: Vsw I I L
b ;
[ % :
i | | | . oy
: \ n b\ J : ;‘\ bk o
CHAIL [ ———————— L CH4: I 7t ! ; / L—
Chi| 20.0V ®cCh2[ 2.00V Md.00ms| A Chz * 1.36 V] ®ili 20.0v ®wcChz 2.00V M4.00ms| A Chz v 1.36 V|
Ch3| 5.00V Bw\ 2.00 A 28 Ch3\ 5.00V BwCh4\ 2.00 A QR
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mP MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 24V, Vour = 5V, L = 15pH, fsw = 400kHz, Ta = 25°C, unless otherwise noted.

SCP Recovery SCP Recovery
lout = 0A, AAM lout = 0A, FCCM

CH3: Vee =ik

CH3: Vee 3]

7
- : : : + : Y
CH2: Vour B ; CH2: Vour 2 — s : :
S A B IWWMMUMHHMM‘ o p 1
R e )
i

S 1 T I 0 e e e . ___ﬂ“\'\

[l 20.0Y &Ch2[ 200V &M4.00ms A Chz £ 1.36 V|
Ch3[ 5.00V &Ch4] 2.00 A 025

Ch1 20.0V E&Ch2[ 2.00V mMi4.00ms| Al Chz £ 1.326 V|
Ch3[ 5.00V &@EEE[ 2.00 A OF
—

SCP Recovery

lout = 2.5A SCP Steady State
CH3: Vec 3 CHS3: Vpe 3
+
CH2: Vour |7 :
o
CH2: Vour Pt
CH1: Vsw ﬁ\—-J I I CH1: Vsw DI I I I I I
™ I ‘ Mo : Il M ;
[ f 1 . - f | | | | /
cha L ,"k h n CH4: 1. = \ J-\ J-\ \ -‘& ]y (—
""""""""""""" @l 20.0V  8Ch2| 2.00V  4ME.00ms A Ch2 v  1.36V

Chil[ 20.0V E&Ch2[ 2.00V mMi4.00ms| A Chz £ 1.36 V|

Ch3[ 5.00 V Bw 2.00 A <25 Ch3[ 5.00V &Ch4] 2.00 A 08
Load Transient Load Transient
lour = 0A to 1.5A, AAM lout = 1A to 2.5A, AAM
CH2: | CH2: I
VOUT/AC o e e e e e e e e e e e e e e e VOUT/AC
it i e ‘
CH4: lour  f et Nevwrrmerinamd  CHA e |
EEF 500mV "uB{M| 10‘0}15 .A| Tha —.2.46: B s00mv &M 100us| Al Cha —2.46:
Cha[ 1.00 A 0% Ch4[ 1.00 A o8|
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mP MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 24V, Vour = 5V, L = 15pH, fsw = 400kHz, Ta = 25°C, unless otherwise noted.

Cold Crank
ViN = 24V to 6V to 10V, lout = 0A

Cold Crank
ViN = 24V to 6V to 10V, lout = 2.5A

= |

CH3: Vin 1 W
NI N m ARy
CHL:Vsw 4! 1171 I (IRENNINIE CH1: Vsw
CHO Vour BBb i o Vo
CH4: It @3 Lo Lol i il i
Chi["T0.0V —TEi# 500V |WM[20.0ms| A Ch3 v+ 138V CHA I ERTTTE Y S eV S e o ATChITTIENEY)
Ch3[ 10.0V  |Chd4[ 200mA<z | chz3[ 10.0v _ |Chd4[ 2.00 A 25
Vin Ramps Up and Down Vin Ramps Up and Down
Vin =18V to 4.5V to OV to 4.5V to 18V, Vin = 18V to 4.5V to OV to 4.5V to 18V,
lout = 0A lout = 2.5A
..................... =
CH3:Vn |3 Lo V‘/“ CH3: Vi “\—“\.
- ‘u‘l. IJ‘ ||H | T JLJ.HlHl :
CHL: Ve [_1\“] AN e i T Tty RN et
CH2: Vour = CH2: Vour |24 |
| —————— P
CH4: It F J |
..................... CH4: 1L [
Chi[_10.0v  |Cch2[ 5.00v |M[10.0s| A Ch3 - 36.8 V| ChiT™ 100V Cha SOV M0 0s T TA Cha 368V
Ch3[ 10.0V 2.00 A< | Ch3[ 10.0 V ®EE 2.00 A< |
Load Dump
Vin = 24V to 58V to 24V, lout = 2.5A
CH3: Vin
CH1: Vsw
CH2: Vour
CH4: I ; ; ; T ; ; 1
chi[ Z2o.o0v  [Ch2[ 5.00v  |M[100ms| A Ch3 5 36.8 V|
EiE Zz0.0v |Ch4[ 2.00 A< |
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mP MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

FUNCTIONAL BLOCK DIAGRAM
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Figure 1: Functional Block Diagram
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mP5 MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

OPERATION

The MPQA4573 is a fully integrated, synchronous,
rectified, step-down, non-isolated switch-mode
converter. It can achieve up to 25A of
continuous output current (lout) across a wide
4.5V to 60V input supply range, with excellent
load and line regulation across an ambient
temperature range of -40°C to +125°C.

Pulse-Width Modulation (PWM) Control

The MPQ4573 operates in a fixed-frequency,
peak current control mode to regulate the output
voltage (Vour) at moderate to high output
currents.

An internal clock initiates the pulse-width
modulation (PWM) cycle. At the rising edge of
the clock, the high-side MOSFET (HS-FET)
turns on and the inductor current (l)) rises
linearly to provide energy to the load. The HS-
FET remains on until its current reaches the
value set by the COMP voltage (Vcowmre), which is
the output of the internal error amplifier (EA).
Vcome IS based on the difference between the
output feedback voltage (Ves) and internal high-
precision reference. Vcowp determines the
amount of energy that should be transferred to
the load. The higher the load current, the higher
Vcome Will be. Once the HS-FET turns on, it
remains on for a minimum of 90ns.

If the HS-FET is off, the low-side MOSFET (LS-
FET) turns on and remains on until the clock
initiates the next cycle. During this time, I flows
through the LS-FET. Once the LS-FET is on, it
remains on for a minimum of 100ns before the
next cycle begins. To avoid shoot-through, a
dead time is inserted to prevent the HS-FET and
LS-FET from turning on simultaneously.

If the current in the HS-FET does not reach
Vcome Within one PWM cycle, the HS-FET
remains on, saving s shutdown cycle.

Light-Load Operation

The MPQ4573 features configurable forced
continuous conduction mode (FCCM) and
advanced asynchronous modulation (AAM)
mode. FCCM maintains a constant switching
frequency (fsw) and small output ripple, but has
low efficiency under light-load conditions. AAM
mode is set by the CCM/SYNCO pin and
achieves high efficiency under light-load

conditions (see Figure 2). To force the device
into FCCM, use a 10kQ to 300kQ resistor to
connect CCM/SYNCO to GND.

Inductor Inductor
Current L AAM Current L Fccm

VA VANEE AV VAVN

-t | t

NN NV NN

Load
D

NN N
VAR VAR VAN

I
I
I
I
I
I
v

I
I
-

Figure 2: AAM Mode and FCCM under Light-Load
Conditions

In FCCM, the converter operates at a fixed
frequency across a no-load to full-load range.
Under light-load conditions, float CCM/SYNCO
to force the device into AAM mode. The device
cannot change modes once it is turned on; the
desired mode must be selected before start-up.

In AAM mode, fsw scales down according to
Vcome. The MPQ4573 enters asynchronous
operation as I reaches zero. If the load
decreases further or there is no load, Vcowme
drops below the internally set AAM value (Vaawm).
The MPQ4573 enters sleep mode and
consumes a low quiescent current (Ig) to
improve light-load efficiency.

In sleep mode, the internal clock is blocked,
causing the MPQ4573 to skip pulses. Ves drops
below Vrer, and Vcompe ramps up until it exceeds
Vaaml Then the internal clock resets and the
crossover time is used as a benchmark for the
next clock cycle. This control scheme improves
efficiency by scaling down the frequency to
reduce switching and gate driver losses.

As lout increases from light-load, both Vcome and
fsw rise. If lout exceeds Vcowmp's set critical level,
the MPQ4573 enters discontinuous conduction
mode (DCM) or continuous conduction mode
(CCM). CCM has a constant switching frequency.

Enable (EN) Control

The MPQA4573 can be enabled or disabled via a
remote EN signal that is referenced to GND. The
remote EN control operates with a positive logic,
which is compatible with popular logic devices.

MPQ4573 Rev. 1.0
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mP5 MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

Positive logic indicates whether the input voltage
(Vin) has exceeded the under-voltage lockout
(UVLO) threshold (about 4V). Pull the EN pin
above 1.45V to enable the converter; pull EN
below 1.12V to disable the converter. To shut
down the converter, float EN via an internal
resistor from EN to GND (Ren). If enable (EN)
control is on, then Ren = 2.8MQ. If EN control is
off, then Ren = 1.8MQ.

Synchronous Output (SYNCO)

The MPQ4573 has a SYNCO pin for
synchronous output. During start-up, SYNCO
remains low and outputs a 180° phase-shift clock
to the internal oscillator once soft start (SS) is
ready. SYNCO’s falling edge is a 180° phase
shift from the rising edge of the internal oscillator.
The synchronous output function allows two
devices to operate at the same frequency, but
180° out of phase. This reduces the total input
current ripple and allows for the use of a smaller
input bypass capacitor.

Internal Regulator

A 4.9V internal regulator powers most of the
MPQ4573’s internal circuitries. This regulator
takes Vin and operates across the full Viy range.
If Vin exceeds 4.9V, the regulator’s output is in
full regulation. A lower V) results in a lower Vour.
If Vin exceeds its UVLO threshold and EN is high,
the regulator turns on. During an EN shutdown,
the internal VCC regulator turns off to reduce
power dissipation.

Configurable and Foldback Frequency

The MPQ4573’s switching frequency (fsw) can
be configured via an external frequency resistor
(Rrreq). Rereq should be placed between the
FREQ and GND pins, as close to the IC as
possible. Choose an appropriate Reregq Value,
which can be calculated with Equation (1):

30
fou(kH2)

A bench test may be required to fine-tune the
calculated resistance. Due to the HS-FET's
limited minimum on time, it is not possible to use
a high fsw with a high Vin. The MPQ4573’s
control loop sets the maximum fsw automatically
to match the set frequency. This reduces
excessive power loss in the IC. Vour is regulated

Rereo (MQ) (1)

by varying the HS-FET off time. Varying the
duration of the off time automatically reduces fsw.

Compliance with the minimum HS-FET on time
is guaranteed. This allows the device to operate
at the desired fsw for as long as possible. A
correction is only made if Vin is high. For more
details, see the Switching Frequency vs. Input
Voltage curve on page 14, where Rgereq =
12.1kHz.

Table 1 shows the relationship between the
switching frequency and Regreo.

Table 1: Switching Frequency vs. Rrreg

Rrreq (kQ) | fsw (kHZ) |Rrreq (kQ) | fsw (KHZ)
100 300 24.3 1150
91.9 330 22 1250
82.5 360 20 1350
76.8 400 18.2 1500
68.1 430 16.2 1650
61.9 475 15 1750

56 520 14 1900
47 600 13 2050
39 700 12.1 2200
34.8 800 115 2250
30 940 11 2350
28 1000 10 2500

Internal Soft Start (SS)

To avoid overshoot during start-up, the
MPQ4573 has built-in soft start (SS). During SS,
Vour ramps up at a controlled slew rate once EN
goes high. If the soft-start voltage (Vss) drops
below the internal reference voltage (Vrer), Vss
overrides Vger as the EA reference. If Vss
exceeds Vger, Vrer acts as the reference. Once
SS is complete, the MPQ4573 enters steady
state operation.

The soft-start time (tss) is set internally to 0.45ms.
If Vour shorts to GND, Vg is pulled low and Vss
discharges. Once the short is removed and the
MPQA4573 returns to a normal state, the device
initiates another SS.

Pre-Biased Start-Up

If Veg exceeds Vss during start-up, the output has
a pre-biased voltage and neither the HS-FET or
LS-FET turns on until Vss exceeds Ves. This
capability is only available when the device is in
AAM mode.

Power Good (PG) Indicator
The MPQ4573 has power good (PG) indication.

MPQ4573 Rev. 1.0
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mP5 MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

The PG pin is the open drain of a MOSFET. A
resistor (about 100kQ) is required to connect PG
to a voltage source. In the presence of Vi, this
MOSFET turns on and PG is pulled down to
GND before SS is ready. If Vour is between 90%
and 108% of the nominal voltage after a 70us
delay, PG goes high. If Vour is above 116% or
below 84% of the nominal voltage after a 25us
delay, PG goes low.

Under-Voltage Lockout (UVLO) Protection

The MPQ4573 includes Vv under-voltage
lockout (UVLO) protection to ensure reliable
output power. If EN control is on, the MPQ4573
starts up once Vi exceeds its UVLO rising
threshold. If Viy drops below the UVLO falling
threshold, the device shuts down. This prevents
the device from operating at an insufficient
voltage. Vin UVLO is a non-latch protection.

Over-Current Protection (OCP)

The MPQ4573 has a 3.9A peak current limit
threshold. If I. exceeds the peak current limit, the
HS-FET turns off and the LS-FET turns on to
discharge the energy. The HS-FET does not turn
on again until I, drops below the valley current
limit threshold. Over-current protection (OCP)
prevents I. runaway that can damage the
components.

Short-Circuit Protection (SCP)

If a short-circuit condition occurs, the MPQ4573
reaches its peak current limit and Vour drops
until Veg is below 50% of Vwrer. The device
recognizes this as an output dead short, and
triggers short-circuit protection (SCP) with
hiccup mode to periodically restart the part.

In hiccup mode, the MPQ4573 disables the
output power stage and slowly discharges the
soft-start capacitor (Css), then it initiates another
SS. If the short-circuit condition remains after SS
ends, the device repeats this operation until the
short circuit disappears and Vour returns to its
regulation level. This greatly reduces the
average short-circuit current, alleviates thermal
issues, and protects the regulator.

Negative Current Protection

The MPQ4573 has a -1.3A negative current limit
threshold. If I. drops below the negative current
limit, the LS-FET turns off and the HS-FET turns
on. This prevents the negative current from

dropping too low and potentially damaging the
components.

Thermal Shutdown

To improve thermal protection, the MPQ4573
monitors the IC temperature internally. This
prevents the chip from operating at exceedingly
high temperatures. If the junction temperature
exceeds the thermal shutdown threshold (about
170°C), the device shuts down. Thermal
shutdown is a non-latch protection, and has a
25°C hysteresis. Once the junction temperature
drops to about 145°C, the device initiates a SS
and resumes normal operation.

Floating Driver and Bootstrap (BST)
Charging

An external bootstrap (BST) capacitor powers
the floating HS-FET driver. There are two
methods to charge the BST capacitor (Cgst).

The first method is to charge the capacitor via a
diode from Vcc in the main charging circuit. If the
HS-FET is on, the SW voltage (Vsw) should be
about equal to Vi, but exceed Vcc. In this
scenario, Cgst is not charged. The ideal charging
period occurs when the LS-FET is on, and (Vcc -
Vsw) is at its maximum. When there is no I
present, Vsw equals Vour, and Vcc can only
charge Cgst When Vour is very small.

The second method is to charge the capacitor
via the auxiliary charging circuit from V. If the
difference between the BST voltage (Vsst) and
Vsw drops below the internal 5V BST regulator
voltage, a P-channel MOSFET pass transistor
(M1) turns on to charge Cgsr. This charging
current is much smaller than the charging current
from Vcc, but as long as Viy exceeds Vsw, Cast
can be charged from V\n. This charging method
is useful in sleep mode, where on/off switching
does not always occur. Figure 3 shows the
internal BST charging circuit.

D2

[
7

Figure 3: Internal BST Charging Circuit

3
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Low-Dropout (LDO) Mode (BST Refresh)

To improve dropout, the MPQ4573 is designed
to operate at as close to 100% duty cycle as
possible, so long as the voltage between BST
and SW exceeds 1.4V. If this voltage drops
below 1.34V, the HS-FET turns off via a UVLO
circuit. This allows the LS-FET to conduct, and
refresh the charge on Casr. If VN drops, the HS-
FET continues to operate as close to 100% duty
as possible to maintain output regulation, until
the voltage between BST and SW falls below
1.34V.

Since the supply current sourced from Cgst low,
the HS-FET can remain on for more switching
cycles than are required to refresh the capacitor.
This means the effective duty cycle of the
switching regulator is high.

The effective duty cycle during regulator dropout
is primarily influenced by the voltage drops
across the power MOSFET, inductor resistance,
low-side diode, and PCB resistance.

Start-Up and Shutdown

If both V\y and the EN voltage (Ven) exceed their
respective thresholds, the device starts up. First,
the reference block turns on and generates a
stable current and Vger. Then the internal
regulator turns on. The regulator provides a
stable supply for the remaining circuitry.

While the internal supply rail is up, an internal
timer keeps the power MOSFET off for about
50us to blank any start-up glitches. When the
soft-start block turns on, it keeps Vss low to
ensure all circuitries are ready. Then Vss slowly
ramps up.

Three events can shut down the chip: EN going
low, Vin UVLO, and thermal shutdown. During
shutdown, the signaling path is blocked first to
avoid any accidental fault triggering, then Vcowmp
and the internal supply rail are pulled down. The
floating driver is not subject to this shutdown
command, but its charging path is disabled.
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APPLICATION INFORMATION

Setting the Output Voltage

The external resistor divider connected to the FB
pin sets Vour (see the Typical Application
Circuits section on page 31). The feedback
resistor (R1) must account for both stability and
dynamic response, and therefore must not be
too large or too small. Choose an R1 value of
about 40kQ. Then R2 can be estimated with
Equation (2):

NMour _q

0.8

Figure 4 shows the recommended T-type
feedback network.

MPQ4573

VO 1)

Figure 4: Feedback Network

R3 + R1 sets the loop bandwidth. A higher R3 +
R1 indicates a lower bandwidth. To ensure loop
stability, it is recommended to limit the bandwidth
below 10% of fsw, and no higher than 100kHz.

The calculated resistance may need fine-tuning
via bench testing. Table 2 lists the recommended
feedback divider resistor values for common
output voltages. Use check loop analysis before
using the device in an application, and change

the resistance of R3 for loop stability if necessary.

Table 2: Recommended Resistor Values for
Common Vour

Vour (V) | R1 (kQ) | R2 (kQ) | R3 (kQ)
3.3 41.2 13 20
5.0 41.2 7.68 20

8 41.2 4.53 20
12 41.2 2.98 20

Selecting the Inductor

The inductor must supply constant current to the
output load while being driven by the switching
Vin. For the highest efficiency, choose an
inductor with a low DC resistance.

A larger-value inductor offers less ripple current
and lower output ripple voltage; however, a
larger-value inductor also results in a physically
larger inductor, higher series resistance, and
lower saturation current.

To determine the ideal inductance, it is
recommended to allow the inductor ripple current
to be approximately 30% of the maximum load
current. Ensure that the peak I. is below the
device’s peak current limit. The inductance (L)
can be calculated with Equation (3):

— VOUT X (1_ VOUT) (3)
fSW X AIL VIN

Where Al is the peak-to-peak inductor ripple
current.

Choose an inductor that will not saturate under
the maximum inductor peak current. The peak
inductor current (I.p) can be calculated with
Equation (4):

V. V,

+ OUT _  (1— —our 4)
oUT 2, xL ( V, )

IN

LP

Selecting the Input Capacitor (Cin)

The step-down converter has a discontinuous
input current, and requires a capacitor to supply
the AC to the converter while maintaining the DC
Vin. For the best performance, use low-ESR
capacitors. Ceramic capacitors with X5R or X7R
dielectrics are strongly recommended due to
their low ESR and small temperature
coefficients. Other capacitors, such as Y5V and
Z5U, should not be used since they lose too
much capacitance with frequency, temperature,
and bias voltage.

Place the input capacitor (Cin) as close to the
VIN pin as possible. For most applications, a
22uF capacitor is sufficient. For higher Vour, use
a 47uF capacitor to improve system stability. To
maintain a small solution size, choose a properly
sized capacitor that has a voltage rating
compliant with the input specifications.

Since Ciy absorbs the input switching current, it
requires an adequate ripple current rating. The
ripple current rating should not exceed the
converter's maximum input ripple current. The
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input ripple current (lcin) can be estimated with
Equation (5):

V V.
by =l X [T x (1— 2T (5)
cn = lout \/ v ( v

IN IN

The worst-case condition occurs at Vin = 2 X Vour,
which can be calculated with Equation (6):

|
CIN — T (6)

2

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

Civ can be electrolytic, tantalum, or ceramic. If
using electrolytic or tantalum capacitors, use a
small, high-quality ceramic capacitor (0.1uF),
placed as close to the IC as possible. The input
capacitance determines the input voltage ripple
of the converter. If there is an input voltage ripple
requirement in the system design, choose a Ciy
that meets the relevant specifications.

The input voltage ripple caused by the
capacitance can be estimated with Equation (7):

AV. = IOUT X VOUT X (1_ VOUT) (7)
IN
fSW X CIN \/IN \/IN

The worst-case condition occurs at Vin =2 X Vour,
estimated with Equation (8):

AV L lour ®)

—x
N4 fow X Cin

Selecting the Output Capacitor (Cour)

The output capacitor (Cour) maintains the DC
Vour. Ceramic capacitors with low ESR are
recommended for their small size and low output
voltage ripple. Electrolytic and polymer
capacitors may also be used. The output voltage
ripple can be estimated with Equation (9):

Vour Vour 1 9

Sx (1= )X (R + =) (9)

IN SW ouT

AV,

out —

fSW
Where Resr is the equivalent series resistance of
Cour.

For ceramic capacitors, the capacitance
dominates the impedance at the switching
frequency and causes the majority of the output
voltage ripple. For simplification, the output

voltage ripple can be calculated with Equation
(20):

V, V,
AV, = ouT x(1-—2UTy  (10)

8 X fSW2 X L X COUT IN

For tantalum or electrolytic capacitors, the ESR
dominates the impedance at the switching
frequency. For simplification, the output ripple
can be calculated with Equation (11):

AV, = Your (g Voury, g

ouT —
fow <L IN

(11)

ESR

Another consideration for output capacitance is
the allowable Vour overshoot if the load is
suddenly removed. In this case, energy stored in
the inductor is transferred to Cour, causing its
voltage to rise. To achieve the desired overshoot
relative to the regulated voltage, Cour can be
estimated with Equation (12):

lour” XL
Vour” % |:(VOUT_MAX INoyr)? _l)]

Where Vour max / Vour is the maximum allowable
overshoot.

C (12)

out ~

After calculating the capacitance required for
both ripple and overshoot requirements, choose
the larger value.

The characteristics of Cour also affect the
stability of the regulation system. The MPQ4573
can be optimized for a wide range of capacitance
and ESR values.

Setting Viv Under-Voltage Lockout (UVLO)

The MPQ4573 has an internal, fixed UVLO
threshold. The rising threshold is 4V, and the
falling threshold is about 3.5V. For applications
that require a higher UVLO point, place an
external resistor divider between EN and VIN to
obtain a higher equivalent UVLO threshold (see
Figure 5 and Figure 6 on page 29). If the EN pin
is connected to V\\ through a resistor, add a 6V
Zener diode between EN and GND.
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VIN

12 LEN

Zener
R5 1.8MQ
6V

Figure 5: Adjustable UVLO via the EN Divider if
Ven Rises

When Ve is rising, the UVLO threshold can be
calculated with Equation (13):
R4
V =(1+———)x
IN_UV_RISE ( 1.8MQ// R5)

Where VEN RISING is 1.45V.

% 2 "

Figure 6: Adjustable UVLO via the EN Divider if
Ven Falls

VEN_RISING (13)

When Vgy is falling, the UVLO threshold can be
calculated with Equation (14):

R4
Vin v Fa = (1+ m) X
Where VEN_FALLING is1.12V.

Choose an R4 that is big enough to limit the
current flowing into EN to below 100pA.

VEN_FALLING (14)

Bootstrap (BST) Resistor and Capacitor

A resistor (Rgst) in series with Cgst can reduce
SW’s rising rate and voltage spikes. This
improves EMI performance and reduces voltage
stress at a high Vin. A higher resistance is better
for SW spike reduction, but can compromise
efficiency. To make a tradeoff between EMI and
efficiency, itis recommended to keep Rgst below
20Q. The recommended Cgst Value is between
0.1pF and 1pF.
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PCB Layout Guidelines (19

Efficient PCB layout is critical for stable
operation. It is strongly recommended to use a
4-layer layout to improve thermal performance.
For the best results, refer to Figure 7 and follow
the guidelines below:

1. Place the high-current paths (GND, VIN, and
SW) very close to the device with short,
direct, and wide traces.

2. Use large copper areas to minimize
conduction loss and thermal stress.

3. To minimize high-frequency noise, place the
ceramic input capacitors as close to VIN and
GND as possible.

4. To ensure that the FB trace is as short as
possible, place the T-type FB resistors as
close to the FB pin as possible.

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

6. Use multiple vias to connect the power
planes to the internal layer.

Note:

10) The recommended PCB layout is based on Figure 8 in the
Typical Application Circuits section on page 31.

Top Silk and Top Layer

Mid-Layer 2
ol ol ol o

® e° ofo) o
[o](e) o
oY)
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0lo) |

(o]
o oo!
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Bottom Layer and Bottom Silk
Figure 7: Recommended PCB Layout

MPQ4573 Rev. 1.0

MonolithicPower.com

30

3/19/2021 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2021 MPS. All Rights Reserved.



mP MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

TYPICAL APPLICATION CIRCUITS
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Figure 8: Typical Application Circuit
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Figure 9: Typical Application Circuit with EMI Filters

"'WH

DVOUT

MPQ4573 Rev. 1.0

3/19/2021

MonolithicPower.com

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

© 2021 MPS. All Rights Reserved.

31



mP5 MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

PACKAGE INFORMATION
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CARRIER INFORMATION

/@QOOQOOO

P| n 1 —" 1 ° 1 ) 1 ° 1 ®
Reel ABCD ABCD ABCD ABCD
Diameter

—

Feed Direction

Part Number Package Quantity/ | Quantity/ | Quantity/ Reel Carrier Carrier
Description Reel Tube Tray Diameter | Tape Width | Tape Pitch
MPQ4573GQBE-Z FN-12
MPQ4573GQBE- | Smm;(?amm) 5000 N/A N/A 13in 12mm 8mm
AEC1-Z '
MPQ4573 Rev. 1.0 MonolithicPower.com 33
3/19/2021 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2021 MPS. All Rights Reserved.



mP MPQ4573 - 60V, 2.5A, SYNCHRONOUS STEP-DOWN CONVERTER, AEC-Q100

REVISION HISTORY

Revision # | Revision Date | Description Pages Updated
1.0 3/19/2021 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.

MPQ4573 Rev. 1.0 MonolithicPower.com 34
3/19/2021 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2021 MPS. All Rights Reserved.



Mouser Electronics

Authorized Distributor

Click to View Pricing, Inventory, Delivery & Lifecycle Information:

Monolithic Power Systems (MPS):

MPQ4573GQBE-AEC1-P MPQ4573GQBE-AEC1-Z MPQ4573GQBE-P MPQ4573GQBE-Z




Looking for pricing, stock, or lifecycle information?

Click below to explore more details on WIN SOURCE:

© View MPQ4573GQBE-AEC1-Z on WIN SOURCE

@ Monolithic Power Systems Inc] Information

Optimize Your Supply Chain with WIN SOURCE Solutions

Global Sourcing Solution
Obsolete Management
Cost Control Management
Shortage Management
Alternative Solution

Excess Inventory Management


https://www.win-source.net/products/detail/monolithic-power-systems-inc/mpq4573gqbe-aec1-z-2.html
https://www.win-source.net/manufacturer/monolithic-power-systems-inc

