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MP4583

100V, 3A, 8pA IQ,
SYNC Step-Down DC-DC Converter

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

DESCRIPTION

The MP4583 is a 8pA 1Q, synchronous step-
down converter with integrated high-side and
low-side MOSFETS. It supports up to 3A output
current with internal compensation.

High power conversion efficiency over a wide
load range is achieved by power save
mode(PSM) and low 1Q at light load condition to
reduce the switching and gate driving losses.

To achieve small output ripple in light load,
pulling MODE/SYNC pin high can set forced
continuous conduction mode (FCCM). The

FEATURES

4.5V-to-100V Input Voltage Range

8uA Quiescent Current

Fixed 400KHz Switching Frequency
Selectable PSM/FCCM Mode

0.8V to 35V Output Voltage Range
170m/80m Internal MOSFETSs

Power Good(PG) Indication

Additional BIAS Pin for High Efficiency Vcc
Internal Loop Compensation and Soft-Start
Available in QFN-19 (3mmx5mm) Package

frequency is always fixed 400KHz with all load APPLICATIONS
condition. e Power Tool
Full protection features, include over-current ¢ Solar Inverter/Optimizer
protection (OCP), short-circuit protection (SCP) e Portable Power Station
with hiccup, input and output over-voltage e Battery Management System(BMS)
protection (OVP), and over-temperature e Server Power/Telecom Power Unit
protection (OTP).
All MPS parts are lead-free, halogen-free, and adhere to the RoHS directive.
i i i - For MPS tatus, pl isit the MPS bsit der Qualit
The MP4583 is available in a QFN 19 Acs);urance. g‘r‘ﬁllegS",S at#es l\/FI)PeS":\S?og\g,sI ande “Simple,\’veEa?é;/a gglu?irons"uaalrz
(3mm><5mm) package. trademarks of Monolithic Power Systems, Inc. or its subsidiaries.
TYPICAL APPLICATION
Efficiency vs. Load Current
u1 Vour = 12V, L = 22uH, DCR = 85 mQ,
BIAS Fsw = 400kHz
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mps MP4583 — 100V, 3A, 8uA IQ, SYNC BUCK CONVERTER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating
MP4583GQVE QFN-19 (3mmx5mm) See Below 1

* For Tape & Reel, add suffix -Z (e.g. MP4583GQVE-2).

TOP MARKING

MPYW
4583
LLL
E

MP: MPS prefix

Y: Year code

W: Week code
4583: Part number
LLL: Lot number
E: Wettable flank

PACKAGE REFERENCE

TOP VIEW
MODE
isyne PeVeC
18 17 16
| |
N/C | 1 15| AGND
EN | 2 14| FB
VIN |3 13| BIAS
12| BST
AGND | 4 19 ‘
‘ sw
111 sw
™ |5 ‘
10 sw
AGND | 6 9| NC
L 7118 ]
PGND PGND
QFN-19 (3mmx5mm)
MP4583 Rev. 0.7 MonolithicPower.com 2
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MP4583 — 100V, 3A, 8uA IQ, SYNC BUCK CONVERTER
PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

meS

PIN FUNCTIONS

Pin # Name Description
1,9 NC No Connection Pin. Connect to Ground to improve thermal performance.
Power Enable Pin. Pull high to enable MP4583, pull low to disable MP4583.
2 EN : 7 B L
Float internally, must pull high or pull low externally for this pin in application.
3 VIN Power Supply Input Pin. A decoupling capacitor must be placed close to this pin and

PGND to minimize switching spikes.

Signal Ground. Reference ground of the regulated output voltage. Single grounding to
PGND (pin7 and pin8).

4,6,15 AGND

5 ™ Test Mode Pin. Must float in application.
7,8 PGND Power Ground Pin.
10, 11, Switch Node of Converter. Connect to the source of high-side FET and drain of low-
SW g

19 side FET.

12 BST Bootstrap Power Pin. Connect a 0.1uF capacitor between BST and SW.
External Power Bias Supply Pin. It is suggested to connect BIAS to Vour or other

13 BIAS i,
voltage rail if the voltage>4.4V.

14 FB VOUT Voltage Feedback Pin. Connect a resistor divider from Vour to FB.

16 VCC Internal 5V LDO output. Supply power to internal control circuit. Decoupling with 21uF
ceramic capacitor. Must connect one 6.2V Zener diode from VCC pin to GND.

17 PG Power Good Output Pin. The output of PG is open drain, the PG output is pulled low

when the EN UVLO, input UVLO or OTP is triggered.

MODE/ MODE/SYNC Pin. Pull this pin low to set PSM mode, pull this pin high to set FCCM

18

SYNC mode. Apply external clock to MODE/SYNC pin can change the switching frequency.

ABSOLUTE MAXIMUM RATINGS @ Thermal Resistance Osa Ouc
VIN, EN ..o -0.3V to +105V EV4583-QVE-00A ¥ .............. 32....... 8....°C/W
SW e, -0.3V to VIN+0.3V QFN-19 (3mmx5mm) ©._....... 48......38... °CIW
SW (S10NS) v, -4V to VIN+4V
BIAS ..o -0.3V to 14V Notes:
BSTtOSW i, -0.3V t0 6.5V 1) Exceeding these ratings may damage the device.
; _ 2) The maximum allowable power dissipation is a function of the
é” (i.thel’ Pms """" Dt """" T 21\2/5‘:?0-*—6(2‘?\/ max[mum junction .temperature T, (MAX), ‘the junction-to-
ontinuous Power Dissipation (Ta ) ambient thermal resistance 8, and the ambient temperature
.......................................................... 3.9W® Th The maximum allowable continuous power dissipation at
. any ambient temperature is calculated by Pp (MAX) = (T,
Junction Temperature ............................... 150°C (MAX) - Ta) / ;4. Exceeding the maximum allowable power
Lead Temperature .........cccccceeeeieiiiieeeennnn. 260°C dissipation produces an excessive die temperature, causing
the regulator to go into thermal shutdown. Internal thermal
Storage Temperature """""""" -65°C to +150°C shutdown circuitry protects the device from permanent
. damage.
ESD Rat’ngs 3) The device is not guaranteed to function outside of its
operating conditions.
Human body_model (HBM) ... +1000V 4) Measured on EV4583-QVE-00A, a 64mmxbdmm, 10Z,
Charged device model (CDM) .............. +1000V 4-layer PCB.
. . 5) The value of 8, given in this table is only valid for comparison
Recommended Operatmg Conditions © with other packages, and cannot be used for design
purposes. These values were calculated in accordance with
Supply voltage (ViN) .....coovvverininninn 4.5V to 100V JESD51-7, and simulated on a specified JEDEC board. They
Output voltage (Vout)...eoecvveeeeerennnne 0.8V to 35V do not represent the performance obtained in an actual

Operating junction temp (T,).... -40°C to +125°C

application.

MP4583 Rev. 0.7
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mps MP4583 — 100V, 3A, 8uA IQ, SYNC BUCK CONVERTER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE
ELECTRICAL CHARACTERISTICS

Vin =48V, T, = 25°C, unless otherwise noted.

Parameter ‘ Symbol ’ Condition ‘ Min ’ Typ Max Units
Power Supply
VIN Under Voltage Lockout
Threshold Rising VINuvioR 4.2 v
VIN Under Voltage Lockout
Threshold Hysteresis VINhvs 350 mv
VCC Under Voltage Lockout -
Threshold Rising VCCuvior |VCCRIising 3.85 V
VCC Under Voltage Lockout
Threshold Hysteresis VCChys 350 mv
;/mzmv or Veias=12V, 4.75 5 505 Vv
VCC Regulation Voltage Vin=4.5V 5mA 2 v
Veias=4.5V, 5SmA 4.3 V
xifiupgls;ng, override 4.95 4.4 Vv
BIAS Power Supply Threshold Vs falling, recover to
Y ’ 4.05 4.2 Vv
N supply
Supply Current
Ven = OV, Measured on
Shutdown Current Isp VIN pin 1 MA
Vrs =0.82V, Veias=0V,
Vest=5V no switching, 8 MA

Measured on VIN pin

Ves =0.82V, Vsias=5V,
Quiescent Current la Vest=5V no switching, 0.5 MA
Measured on VIN pin

Vrs =0.82V, Veias=5V,
Vest=5V no switching, 8 MA
Measured on BIAS pin

Enable Control

EN Input High Threshold VEN-ON Ven Rising 1.2 \%

EN Hysteresis VEN-H Ven Rising 225 mV
EN Input Current len Ven = 5V 0 A
EN Turn-on Delay EN on to Switching 400 us
Switching Frequency

Switching Frequency Fsw -10% 400 +10% kHz
Minimum Off Time(® tmin-OFF 120 ns
Minimum On Time®) tmin-oN 40 ns

Reference Voltage

4.5V to 100V, Ty =

-19 o,
25°C 1% 0.8 +1% \%

FB Reference Voltage VRer 4.5V to 100V, Ty =- ey 08 159, v
40°C to 125°C = ' o

FB Input Current IFs Ves=1.05V -100 -50 -10 nA

Internal Soft-Start Time tss 10% to 90% of VRrer 4 ms

FB Under Voltage Threshold Vuve 60% VREer

FB Over Voltage Threshold Vove 107% VREF

FB Over Voltage Recover o

Hysteresis 1% Virer

MP4583 Rev. 0.7 MonolithicPower.com 4
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mps MP4583 — 100V, 3A, 8uA IQ, SYNC BUCK CONVERTER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE
ELECTRICAL CHARACTERISTICS (continued)

Vin =48V, T, = 25°C, unless otherwise noted.

Parameter | Symbol [Condition [ Min | Typ | Max [ Units
Power Switch
Low-Side Switch On-Resistance Ron-L 80 mQ
High-Side Switch On-Resistance Ron-H 170 mQ
Current Limit
High Side Peak Current Limit IH-LIMT 4.5 A
Low Side Valley Current Limit lL-LmT 2.6 2.9 3.4 A
Inductor Current ZCD Threshold Izco 0 50 100 mA
Power Good (PG)
FB rising, PG falling 104% 107% 110% Ves
Power Good Upper Threshold FB falling, PG rising 103% 106% 109% Vs
Hysteresis 1% Ves
FB falling, PG falling, 90% 93% 96% Vs
Power Good Lower Threshold FB rising, PG rising 91% 94% 97% Vs
Hysteresis 1% Ves
Power Good Low to High Delay 380 us
Power Good High to Low Delay 150 us
Power_(_Bood Sink Current Sink 4mA 0.4 Vv
Capability
Power Good Leakage Current Vpc=5V 1 uA
Thermal Protection®
Thermal Shutdown Risin o
Threshold ° Teo 150 C
Thermal Shutdown Hysteresis Tsp-Hys 20 °C
Note:
6) Guaranteed by engineering sample characterization.
MP4583 Rev. 0.7 MonolithicPower.com 5
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mps MP4583 — 100V, 3A, 8uA IQ, SYNC BUCK CONVERTER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

TYPICAL PERFORMANCE CHARACTERISTICS
Vin =48V, Vour =12V, L = 22uH, Ta = 25°C, unless otherwise noted.

Efficiency vs. Load Current Efficiency vs. Load Current
Vour =5V, L = 10pH, DCR = 34.5mQ, Vour = 12V, L = 22uH, DCR = 85 mQ,
Fsw = 400kHz Fsw = 400kHz
100 100
90 — /4 90 = =
pm—T"] | —
g 80 // 2 80 //
5 70 / s 70
2 Z
w 60 | u 60 |
O PR = Q —
o o | E 2| |
w40 sV w40 ——VIN=T2V |
VIN=72V -
30 ‘ ‘ ‘—f 30
20 20
0.01 041 1 10 100 1000 0.01 0.1 1 10 100 1000
LOAD CURRENT (mA) LOAD CURRENT (mA)
Dropout vs. Load Current Dropout vs. Load Current
Vour = 5V, L = 10pH, DCR = 34.5mQ, Vour = 12V, L = 22uH, DCR = 85mQ,
Fsw = 400kHz Fsw = 400kHz
5.1 l 12.5
49 // /,7 LLL ‘ ‘
12 —_—
4.7
S 45 /—— s ‘
= = M5 V"
D 43 L ——[0=0A o ——[0=0A
(®) o
> 441 lo=1A > M ——lo=1A |
39 | l0=2A 105 | lo=2A |
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INPUT VOLTAGE (V) INPUT VOLTAGE (V)
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MP4583 — 100V, 3A, 8uA IQ, SYNC BUCK CONVERTER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =48V, Vour =12V, L = 22uH, Ta = 25°C, unless otherwise noted.

Steady State Steady State
lour=0A lout=3A
CH1: CH1:
Vour/AC ' VoutlAC 'Ww
ia mn.m. . mo.moom. m.. M
CH2: Vin 2 / CH2:Vin P
CH3: SW | CH3: SW
| D
¥
k
CH4: I m s CH4:IL |
8. % 8 i . o R W @ @ e ™ R
Load Transient Load Transient
IOUT = 0A to 1.5A IOUT = 1.5A to 3A
CH1: CH1:
Vour/AC @ Vour/AC ™ |
M M
| |
CH4: lour K 1 CHa:lour [
I R T - | (@ s i on | s
Startup through VIN Shutdown through VIN
IOUT = 3A IOUT = 3A
| |
CH1: Vour / 4 Y i
by CH1: Vour lo
CH2: Vin CH2: Vin
CH3: SW CH3: SW
CH4: I .
@ sV & 2.00ms S00MS/s [V 107l 7] CH4: I @ sy & 4.00ms 250MS/s [ 10 Jul 2
00V & 2004 & J[ 10Mpoints 4209 [ 10:33:50) _@ 2009 & (_) 2004 & J[ 10M points 420V J[ 10:33:10
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CH1: Vour

CH2: EN
CH3: SW

CH4: IL

CH1: Vour

CH2: Vin
CH3: SW

CH4: 1L

CH1:
Vout/AC

CH2:
MODE

CH3: SW

CH4: IL

MP4583 — 100V, 3A, 8uA 1Q, SYNC BUCK CONVERTER

EN Startup
lout=3A

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =48V, Vour =12V, L = 22uH, Ta = 25°C, unless otherwise noted.

A

CH1: Vour
CH2: EN
CH3: sW
N CH4: I
@ 50V &% @ 200V 4 |4.00ms 25M8/s [20G 107l 2
I 00V & 2004 & J[ Wipoints 392 ][ 1zza4ﬁ|
SCP Entry
IOUT=3A — SCP
4
b CH1: Vour
CH2: Vin
CH3: SW
|B_E] S0V v @ 00 o JAUUM& BOMs/s @ CH4: I
200V W 2004 8 10M paints 9.50y
Mode Transient
IOUT=0A, PSM — FCCM
CH1:
-J Vout/AC
CH2:
MODE
CH3: SW
CH4: I

@ wmy e @) 200V & ][soeus
00V & @ Lok &

1.2568/5
10M Evint:

a/ [ 107ul 2
120 16:20:04

EN Shutdown
lout=3A

\

f

)
@ 07 0w @ 00 5 200
@ 00V v @ 2004 &
—

25035/ \ Dl 2
10Mpoints 2,68V 15:12:33

SCP Recovery
IOUT=SCP — 3A

25.0M8/s
10M points
——

D
@ S0V & 2000 5 [40.0ms o/ Dl 2
2007 & 2004 & 950 12:24:23

Mode Transient
IOUT=0A, FCCM— PSM

25.0M/s [ 19Tul 2
1M points 252V 14:08:31
— —

@ v A& @) o000 & |[400ms
A0V & LA &
—

MP4583 Rev. 0.7

1/25/2024

Preliminary Specifications Subject to Change

MonolithicPower.com

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2024 MPS. All Rights Reserved.



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

mps MP4583 — 100V, 3A, 8pA IQ, SYNC BUCK CONVERTER
PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE
FUNCTIONAL BLOCK DIAGRAM
EN VCC BIAS
1 Q 1
Vcec and J r
Internal Vref BST Reg 1 BST
VIN [ ]
Peak Current
MODE/ —l>—{
SYNG [— Fsw PLL ——»
; Control Logic 1 sw
OVP PWM >
FB [ ] - T
SS + EA Valley Current
VRrer +
] PGND
FB — .
PG_upper_THR:[} (1 PG
AGND '
L] PG_Iower_THRf[>;
FB — =

Figure 1: Functional Block Diagram

MP4583 Rev. 0.7 MonolithicPower.com
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MP4583 — 100V, 3A, 8uA IQ, SYNC BUCK CONVERTER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

OPERATION

The MP4583 is a synchronous, step-down,
switching regulator with integrated high-side
and low-side power MOSFETSs. It provides a
highly-efficient solution with internal
compensation. It features a wide input voltage
range, internal soft-start control, and precise
current limiting. Its low operational quiescent
current makes it suitable for light load high
efficiency application. Figure 1 shows the
internal block diagram and below sections
describe the detail function.

Buck Operation

MP4583 works with a fixed frequency, valley
current control mode to regulate the output
voltage. In each cycle, high-side MOSFET turns
on first if FB voltage is lower than reference
voltage. After high-side MOSFET turns off,
Low-side MOSFET turns on to conduct the
inductor current until it triggers COMP control
signal. By repeating operation in this way,
MP4583 regulates the output voltage. When the
power MOSFET switches off, it remains off for
at least 120ns before the next cycle starts.

If, in one PWM period, the current in the low-
side MOSFET does not trigger the EA output
value, the low-side MOSFET will remain on until
trigger EA output value and then turn on high-
side MOSFET again.

A dead short occurs between the VIN pin and
GND pin if the high-side MOSFET and low-side
MOSFET are turned on at the same time. This
is called shoot-through. To avoid shoot-through,
a dead time is generated internally between the
high-side MOSFET and low-side MOSFET on
and off periods. The dead time occurs between
the high-side MOSFET off time and the low-
side MOSFET on time, or vice versa.

Heavy-Load Operation

The MP4583 operates in continuous conduction
mode (CCM) when the output current (IOUT) is
high and the inductor current is above OA. In
CCM, the HS-FET turns on, then turns off once
the on period is complete. Once the HS-FET
turns off, the LS-FET turns on to conduct the
inductor current. Pulse-width modulation (PWM)
mode occurs when fsw remains constant while
the part is in CCM.

Light-Load Operation

The MP4583 can work in pulse-skip mode
(PSM) under light-load conditions. In PSM, the
LS-FET goes into ftri-state (Hi-Z) when the
inductor current drops close to 0OA, and the
output capacitors discharge slowly to GND
through the FB pin’s feedback resistor. If VOUT
drops and the internal EA output voltage rises,
the MP4583 starts the next switching cycle by
turning on the HS-FET. The MP4583
automatically reduces fsw and IQ when the
device is not switching. This improves the
device’s efficiency when IOUT is low. When in
PSM under light-load conditions, the HS-FET
does not turn on as frequently as it does under
heavy-load conditions. The frequency at which
the HS-FET turns on is a function of lour. As
loutr increases, the HS-FET turns on more
frequently. In turn, fsw also increases. lour
exceeds the upper boundary level when the
valley inductor current reaches OA.

VCC Power Supply

MP4583 control circuit is powered by VCC,
which is regulated from both Vv and BIAS.
VCC requires one = 1uF, 16-V ceramic
capacitor and one 6.2V Zener diode connected
from VCC to GND for proper operation.

VCC_UVLO and VIN_UVLO circuit protect the
chip from operating at an insufficient supply
voltage. The MP4583 UVLO comparator
monitors the voltage of VCC and VIN, MP4583
start work when both VIN and VCC is high
enough.

When Vv power is supplied and EN is high,
MP4583 regulate Vcc from VIN first. If BIAS is
higher than 4.25V (typ) and VIN is above UVLO
threshold, MP4583 switches the power source
from Vi to BIAS, so that MP4583 can get
higher efficiency for internal driver loss. If VOUT
is higher than 14V, a zener is needed to
decrease Vout voltage for BIAS pin power
supply, by inserting the zener between Vout
and BIAS Pin.

MP4583 Rev. 0.7

MonolithicPower.com 10

1/25/2024 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

Preliminary Specifications Subject to Change

© 2024 MPS. All Rights Reserved.



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

meS

MP4583 — 100V, 3A, 8uA IQ, SYNC BUCK CONVERTER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

Start Up

When the EN pin is high VCC and VIN exceeds
its UVLO, the MP4583 starts up via an internal
soft start (SS) signal. Once the MP4583 starts
switching, the SS signal ramps up from 0V and
is compared to Vrer. The lower voltage feed the
error amplifier (EA) to control Vour. After the SS
signal exceeds Vger, soft start completes and
the internal reference block takes charge of the
feedback loop regulation. The MP4583 is
designed for monotonic start-up into pre-biased
loads. If the output is pre-biased to a certain
voltage during start-up, neither the HS-FET nor
LS-FET turns on until VSS exceeds VFB.

Enable (EN) and Programmable UVLO

EN pin enables and disables the MP4583.
When EN pin voltage rise to the EN high
threshold, the MP4583 enables all functions
and starts switching operation. Switching
operation is disabled when EN voltage falls
below its lower threshold. EN is compatible with
voltages up to 100V.

There is no internal resistor on EN. For
automatic start-up, connect EN to V\y through a
resistor.

MODE/SYNC Control

Pull MODE/SYNC pin low to set PSM mode,
Pull MODE/SYNC pin high to set FCCM mode.
PSM and FCCM mode can transition each
other online. Connect an external clock to sync
internal  switching frequency from default
frequency to 2.2MHz.(sync SW rising to rising
edge of external signal).

Switching Current Limit

MP4583 supports cycle-by-cycle switching
current limit. During LS-FET ON state, the
inductor current is monitored. When the sensed
inductor current is higher than the valley current
limit threshold, HS-FET will wait until inductor
current falls below valley current limit to turn on
again.

MP4583 also support switching peak current
limit during HS-FET on-period. When peak
current limit is triggered, the HS-FET shutdown
immediately, and turn on LS-FET after a dead-
time, the HS-FET will turn on again in next
switching period.

Over Load and Short Circuit Protection

During over load or output short circuit condition,
the output voltage drops due to cycle-by-cycle
switching current limit. Once Ves drops below
the under-voltage (UV) threshold. MP4583
enters hiccup mode to periodically restart the
part. During the SS time, hiccup mode is
disabled.

During hiccup over-current protection (OCP),
the MP4583 turns off the output power stage,
and discharges the SS capacitor. Then the IC
automatically initiates another soft start. If the
over-current (OC) condition remains after the
soft start ends, the device repeats this hiccup
operation until the OC condition is removed.
Once the OC condition has been removed,
VOUT returns to the regulation level.

Va..eyM_M _________

Limit

Trigger valley Trigger peak and
current limit valley current limit

Figure 2: Current Limit Schematic

Normal state

Input Over-Voltage Protection

MP4583 monitors the input voltage all the time,
when the input voltage exceed input over
voltage threshold, about 103V, due to negative
inductor current, the controller will switch from
FCCM mode to DCM mode. MP4583 will
recover to normal control when Vin drop to a
normal voltage, about 100V.

Output Over-Voltage Protection

MP4583 monitors the output voltage all the time,
when the output voltage exceed 107%
reference voltage threshold, MP4583 stop high
side MOSFET immediately and turn on VOUT
discharge function(1kQ resistor between SW
and GND). MP4583 will recover to normal
control when VOUT drop to a normal voltage.

MP4583 Rev. 0.7
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MP4583 — 100V, 3A, 8uA IQ, SYNC BUCK CONVERTER

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE

BST Power Supply

An external bootstrap capacitor powers the
floating power MOSFET driver. This floating
driver has its own UVLO protection. Vcc
regulates the bootstrap capacitor voltage
internally through D1, M1, C3, L1 and C2
(Figure 3). If (Vin-Vsw) exceeds 5V, U1 will
regulate M1 to maintain a 5V BST voltage
across C3.

vcc D1

U2
M1
5v b BST

=C3

Vout
w1 c2

TF

Figure 3: Internal Bootstrap Charger

Thermal Protection

MP4583 integrates one temperature monitor
circuit. Once junction temperature is higher than
150°C, MP4583 shuts down. After the
temperature drops to lower 130°C, the power
supply resumes operation again.

Power Good

The power good signal indicates whether the
output voltage is in the normal range compared
internal reference voltage. It's an open drain
output.

When the output voltage is higher than 94%
and lower than 106% of internal reference
voltage and the soft start is finished, the power
good signal is pulled high; When the output
voltage is lower than 93% or higher than 107%
after soft start finished, PG signal will be pull
low.

The PG output is pulled low when the EN UVLO,
input UVLO or OTP is triggered.

MP4583 Rev. 0.7
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APPLICATION INFORMATION
COMPONENT SELECTION
Setting the Output Voltage

The external resistor divider is used to set Vour.
First, choose a value for the resistor (R1). Too
small of a value for R1 can lead to considerable
IQ loss, while too large of a value can make FB
noise-sensitive. It is recommended to choose
an R1 value between 100kQ and 1MQ. Then,
R2 can be calculated with Equation (1):

_R1
R2=; (1)

ouT _1

VREF

Where Vrer is the reference voltage (typically
0.8V). Figure 4 shows the typical feedback
circuit.

VOUT
MP4583 R1
FB
R2

Figure 4: Feedback Network

Selecting the Inductor

A larger-value inductor provides less ripple

current, which results in a lower output voltage

ripple. However, a larger-value inductor has a

larger physical footprint, higher series

resistance, and lower saturation current. The

inductance can be calculated with Equation (2):
V, V,

= Your  (q_Your 2
fow x Al ( Vin ) @)

Where AlL is the peak-to-peak inductor ripple
current. It is recommend to choose an inductor
ripple current range of 30%~60% of the
maximum output current. The inductor should
not saturate under the maximum peak inductor
current. The peak inductor current can be
calculated with Equation (3):

“lour + Vour x(1- Vour ) 3)
2f g, xL Vin

ILP

Selecting the Input Capacitor

The step-down converter has a discontinuous
input current, and requires a capacitor to supply
AC current to the step-down converter while
also maintaining the DC input voltage. For the
best results, it is recommended to use ceramic
capacitors placed as close to VIN as possible.
X5R and X7R capacitors with ceramic
dielectrics are recommended for their stability
amid temperature fluctuations.

The capacitors must also have a ripple current
rating above the maximum input ripple current
of the converter. The input ripple current can be
estimated with Equation (4):

V, V,
o= x [|Your  (q_ Your 4
ciN = lour \/ v, ( A ) (4)

The worst-case scenario occurs at Vin= 2Vour,
calculated with Equation (5):

I
[ — -OuT 5
CIN 2 ( )
For simplification, choose an input capacitor
with an RMS current rating greater than half the
maximum load current.

The input capacitance determines the input
voltage ripple of the converter. If there is an
input voltage ripple requirement in the system,
choose an input capacitor that meets the
relevant specifications. The input voltage ripple
can be estimated with Equation (6):

AV = lour XVOUTX(»]_VOUT) (6)
" fsw xCn Vi Vin

The worst-case scenario occurs at Vin= 2Vour,
calculated with Equation (7):

AV 1 IO¢ )

N :ZXfSWxClN

Selecting the Output Capacitor

The output capacitor is required to maintain the
DC output voltage. It is recommended to use
ceramic or POSCAP capacitors.

The output voltage ripple can be estimated with
Equation (8):

MP4583 Rev. 0.7
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_Joor 8
oy = f s \/IN (&SR+8><f XCour ) @)

With 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 estimated with Equation

(9):

AVOUT — B VOUT % (1 _ VOUT ) (9)
8xfqw X Coyr L Vin

With POSCAP capacitors, the ESR dominates
the impedance at the switching frequency. For
simplification, the output ripple can be
estimated with Equation (10):

V, V,

P (1= =) xR (10)

IN

AVOUT =

f,

SW

Selecting a larger output capacitor provides
faster load transient response. However, the
maximum output capacitor limit should be also
considered when designing for application. If
the output capacitor value is too high, the
output voltage cannot reach the desired value
during the SS time, and the capacitor fails to
regulate. The maximum output capacitor value
(Co_max) can be estimated with Equation (11):

CO_MAX = (ILIM_AVG - IOUT)X tes /VOUT (11)

Where Ium ave is the average start-up current
during the soft-start period, and tss is the SS
time.

Design Example

Table 1 shows a design example following the
application guidelines for the provided
specifications.

Table 1: Design Example

VIN 12V to 100V
Vour 12V/I3A
fsw 400kHz

Figure 6 and Figure 7 shows the detailed
application schematics. For the typical
performance and circuit waveforms, see the
Typical Performance Characteristics section.
For more device applications, refer to the
related evaluation board datasheet.

PCB Layout Guidelines

Efficient layout is critical for stable operation.
For the best results, refer to Figure 5 and follow
the guidelines below:

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

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

3. Place the external feedback resistors close
to the FB pin.

Keep the switching node (SW) short, and as
far away from the feedback network as
possible.

»

5. Connect NC Pin to GND and place intensive
vias next to the GND and NC Pin for better
thermal performance.

eTop Layer eBottom Layer einner Layer

Figure 5: Recommended PCB Layout
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TYPICAL APPLICATION CIRCUITS

U1 |

BIAS BST
\!.Ns\foovl I VIN
%m
cicl c1Bl C1A 100K W Vour
4.7pF4.7pT.1pi EN 5V/3A
L L L c2A Ic2B
= = = MP4583 _—22“?2“':
PGo PG L L
R4 FB N
100k R2
vce MODE/SYNC
D1 c5 191k
AGND PGND
6.2V 1uF
A4 3

Figure 6: 5V Output Typical Application Circuit

U1

BIAS
ViN12V-100V BST

“crcf cral ol :

R7
ciclciB| c1A 100k sw
4.7UT.7UT.1UT EN

Vourt
12V/3A
IC2A 2B

MP4583 T2uFB2yF
PGo PG L L

R4 FB

100k R2

VCC MODE/SYNC 69 8Kk
D1 C5 .
AGND PGND
6.2V
Zener TpF
\v4 =

Figure 7:12V Output Typical Application Circuit
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PACKAGE INFORMATION
QFN-19 (3mmx5mm)
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i S |
T jA — Q.65
0.20 ‘
4.90 0.30
PINTID __*| - T 510 T ’8“%2*4&“011
INDEX AREA ‘ 050 1™ : 0.65
o0 18 —=F=a7d
‘ 0Bo 11—
‘ 0.70
| ZLQ i T
| - 0.55
i H 065
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TOP VIEW BOTTOM VIEW
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SIDE VIEW SECTION A-A
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‘ | 20 4) JEDEC REFERENCE IS MO-220.
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RECOMMENDED LAND PATTERN
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CARRIER INFORMATION

KDQQQQQQQ

Pinl —»1 ° 1 ° 1 ° 1 °
Diameter

—

Feed Direction

Package Quantity/ Quantity/ | Quantity/ Reel Carrier | Carrier
Part Number Description Reel Tube Tray Diameter Tape Tape
Width | Pitch
QFN-19 .
MP4583GQVE-Z 5000 N/A N/A 13in. 12mm | 8 mm
(3mmx5mm)

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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