DESCRIPTION
The MP4582 is an 8pA quiescent current (lg),
synchronous  step-down  converter  with

integrated high-side and low-side MOSFETs
(HS-FET and LS-FET, respectively). It supports
up to 2A of output current (lout) with internal
compensation.

High power conversion efficiency across a wide
load range is achieved through power-save
mode (PSM) and low Ilg under light-load
conditions to reduce the switching and gate
driver losses.

To achieve a small output ripple at light loads,
pull the MODE/SYNC pin high to set the part to
forced continuous conduction mode (FCCM).
The switching frequency (fsw) is always fixed at
400kHz for all load conditions.

Full protection features include over-current
protection (OCP), short-circuit protection (SCP)
with hiccup mode, input voltage (Vin) and output
(Vour) over-voltage protection (OVP), and over-
temperature protection (OTP).

The MP4582 is available
(3mmx5mm) package.

in a QFN-19

MP4582

100V, 2A, 8pA Iq,

Synchronous Step-Down DC/DC Converter

FEATURES

4.5V to 100V Input Voltage (Vin) Range

8uA Quiescent Current (lg)

Fixed 400kHz Switching Frequency (fsw)

Selectable Power-Save Mode (PSM) or

Forced Continuous Conduction Mode

(FCCM)

0.8V to 35V Output Voltage (Vour) Range

180mQ/90mQ Internal MOSFETSs

Power Good (PG) Indication

Additional BIAS Pin for High-Efficiency VCC

(Vcc) Regulator

e Internal Loop Compensation and Soft Start
(SS)

e Available in a QFN-19 (3mmx5mm)

Package

APPLICATIONS

Power Tools

Solar Inverters/Optimizers

Portable Power Stations

Battery Management Systems (BMS)
Server Power/Telecom Power Units

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.

TYPICAL APPLICATION

Efficiency vs. Load Current
Vour = 12V, L = 22pH, DCR = 50mQ,

U1 fsw = 400kHz
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mP5 MP4582 — 100V, 2A, 8pA lo, SYNCHRONOUS BUCK CONVERTER

ORDERING INFORMATION

Part Number* Package Top Marking | MSL Rating
MP4582GQVE QFN-19 (3mmx5mm) See Below 1

* For Tape & Reel, add suffix -Z (e.g. MP4582GQVE-Z).

TOP MARKING

MPYW
4582
LLL
E

MP: MPS prefix

Y: Year code

W: Week code
4582: Part number
LLL: Lot number
E: Wettable flank

PACKAGE REFERENCE

TOP VIEW
MODE
JSYNC 7P? vce )
18 17 16
| -
NC |1 15, AGNLC
EN |2 14| FB
VIN |3 13| BIAS
12| BST
AGND | 4 19
‘ Sw ‘
111 sw
™ |5 ‘
101 sw
AGND | 6 9| NC
L7 8 ]
PGND PGND
QFN-19 (3mmx5mm)
MP4582 Rev. 1.0 MonolithicPower.com 2
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meSs

PIN FUNCTIONS

MP4582 — 100V, 2A, 8pA lo, SYNCHRONOUS BUCK CONVERTER

Pin # Name |Description
1,9 NC No connection. Connect the NC pin to PGND to improve thermal performance.
Power enable pin. Pull the EN pin high to enable the MP4582; pull it low to disable the
2 EN MP4582. This pin is floated internally, and must be pulled high or low externally in
application.
Power supply input pin. Place a decoupling capacitor between the VIN pin and PGND,
3 VIN ; o . 2 ;
as close to VIN as possible, to minimize switching spikes.
46 15| AGND Signhal ground. Reference ground of the regulated output voltage (Vour). Use a single-
T point connection between AGND and PGND.
5 ™ Test mode pin. The TM pin must be floated in application.
7,8 PGND |Power ground pin.
10, 11, SW Switch node of converter. The SW pin is connected to the source of the high-side
19 MOSFET (HS-FET) and the drain of the low-side MOSFET (LS-FET).
12 BST Bootstrap power pin. Connect a 0.1uF capacitor between the BST and SW pins.
External power bias supply pin. It is recommended to connect the BIAS pin to Vour or
13 BIAS |another voltage rail if the voltage >4.4V. It is recommended to decouple with one 20.1uF
ceramic capacitor placed close to the BIAS pin. Float this pin if BIAS is not required.
14 FB Vout feedback pin. Connect a resistor divider from Vour to the FB pin.
Internal 5V LDO output. The VCC pin supplies power to the internal control circuit.
16 VCC |Decouple this pin with a 21uyF ceramic capacitor. Must connect one 6.2V Zener diode from
the VCC pin to AGND.
Power good output pin. The PG pin’s output is an open drain. If enable (EN) under-
17 PG voltage lockout (UVLO), input voltage (Vin) UVLO, or over-temperature protection (OTP) is
triggered, the PG output is pulled low.
MODE/ MODE/SYNC pin. Pull the MODE/SYNC pin low to set the MP4582 to power-save mode
18 SYNGC (PSM) mode; pull it high to set the MP4582 to forced continuous conduction (FCCM)
mode. Apply an external clock to MODE/SYNC to change the switching frequency (fsw).
ABSOLUTE MAXIMUM RATINGS @ Thermal Resistance 6;an Oic
VIN, EN oo -0.3V to +105V EV4582-QVE-00A @ ............. 32.....8...°C/W
SW o, -0.3Vto Viy + 0.3V QFN-19 (3mmx5mm) ®.......... 48...... 38... °C/W
SW (K10NS) i -4V to Vin + 4V
BIAS....c -0.3V to +14V Notes:
BST to SW -0.3V to +6.5V 1) Exceeding these ratings may damage the device.
[ ) ! 2) The maximum allowable power dissipation is a function of the
A” Othel‘ pInS ................................ 'O3V to +65V maximum junction temperature T; (MAX), the junction-to-
Continuous power dissipation (Ta = 25°C) @ ®) ambient thermal resistance 8,4, and the ambient temperature
3.9W Ta. The maximum allowable continuous power dissipation at
I IR . any ambient temperature is calculated by Pp (MAX) = (T,
Junction temperature (T3) coevvvvevvveeeeeennnnn. 150°C (MAX) - Ta) / 85a. Exceeding the maximum allowable power

Lead temperature

260°C dissipation can produce an excessive die temperature, which
may cause the regulator to go into thermal shutdown. Internal

Storage temperature ---------------- -65°C to +150°C thermal shutdown circuitry protects the device from
. . permanent damage.
Recommended Operating Conditions @ 3) The device is not guaranteed to function outside of its
operating conditions.
Supply voltage (Vin) «.coooeevvvvveeeneennn. 4.5V to 100V 4) Measured on the EV4582-QVE-00A, a 64mmx64mm, 10Z,
Output voltage (Vout)..eeeeeeeeeeeeeeennnn. 0.8V to 35V 4-layer PCB.
Operating junction temp (TJ) ....-40°C to +125°C 5) The value of 8,4 given in this table is only valid for comparison

with other packages, and cannot be used for design
purposes. These values were calculated in accordance with
JESD51-7, and simulated on a specified JEDEC board. They
do not represent the performance obtained in an actual
application.
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mps MP4582 — 100V, 2A, 8pA lo, SYNCHRONOUS BUCK CONVERTER

ELECTRICAL CHARACTERISTICS
Vin =48V, T; = -40°C to +125°C ©), typical values are tested at T; = 25°C, unless otherwise noted.

Parameter ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘Units
Power Supply

Input voltage (Vin) under-
voltage lockout (UVLO) VIN_uvLo_R 4 4.2 4.4 \%
rising threshold
I\’I/;/NS’[l(Je YeLs(i)sthreShOId VIN_HYs 350 mV
?ilscmcg"tﬁ'rtsgﬁofgm) UVLO | y/ec uvio g | Vee rising 37 | 385 | 41 | v
x;gtgr\étl(s) threshold Vee_Hys 350 mV
Vin =12V or Veias = 12V, 5mA 4.5 4.85 51 V
Vcc regulation voltage Vin = 4.5V, 4mA 4.1 \
BIAS voltage (Veias) = 4.5V, 4mA 4.3 \%
BIAS power supp|y Veias rising, override Vin supply 4.25 4.4 V
threshold Vaias falling, recover to Vin supply 405 | 4.2 \%
Supply Current
Shutdown current Isp El’ll\ltf:/ : I;[/E:%epi(r\‘/EN) = 0V, measured 1 HA
FB voltage (Vrs) = 0.82V, Veias =
(r)n\tla'aSl\J/rB;(; on tE;]\(/a Vr:lc\)l ;;vr\]“tcgn% 8 12 KA
85°C
Quiescent current lo Xngwgéiizr:g,\:ﬁg;suri\é, (;/nBStLe \?I\ll\l 0.5 HA
pin
Vre = 0.82V, Veias = 5V, Vest = 5V,
no switching, measured on the 8 12 LA
BIAS pin, Ty < 85°C
Enable (EN) Control
EN input high threshold Ven_on | Ven rising 1.1 1.2 1.3 \%
EN hysteresis VenH | VEnTiSINg 225 mV
EN input current len Ven = 5V 0 MA
EN turn-on delay EN on to MOSFET switching 700 us
Switching Frequency
Switching frequency fsw 360 400 440 kHz
Minimum off time tMIN_OFF 120 ns
Minimum on time @ tMIN_ON 40 ns
Reference Voltage
Feedback (FB) reference Virer 4.5V to 100V, T, = 25°C 0.792 0.8 0.808 V
voltage 4.5V to 100V, Ty = -40°C to +125°C | 0.788 0.8 0.812 Y,
FB input current [5:] Veg = 1.05V -100 -50 -10 nA
Internal soft-start time tss 10% to 90% of Vrer 3.7 ms
MP4582 Rev. 1.0 MonolithicPower.com 4
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meSs

MP4582 — 100V, 2A, 8pA lo, SYNCHRONOUS BUCK CONVERTER

ELECTRICAL CHARACTERISTICS (continued)

Vin =48V, T; = -40°C to +125°C ©), typical values are tested at T; = 25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max Units
FB under-voltage protection o o o
(UVP) threshold Vuvp 55% 60% 65% VREerF
t':h'?e‘;‘r’]%rla’o'tage protection (OVP) |y, ., 105% | 108% | 111% | Vrer
FB OVP recovery hysteresis 1% VREF
MODE/SYNC Setting
MODE/SYNC input signal high
voltage VMODE_H 1.3 \%
MODE/SYNC input signal low
voltage VMODE_L 0.8 \%
Clock SYNC range fsync_rance | Add an external clock 400 2200 kHz
Power MOSFET
Low-side MOSFET (LS-FET) on
resistance Rosion) L 90 mQ
High-side MOSFET (HS-FET) on
resistance Rbs(on)_H 180 mQ
Current Limit
High-side (HS) peak current limit IH_umiT 2.75 3.1 3.65 A
Low-side (LS) valley current limit I_cmir 1.8 21 25 A
Inductor current (IL) zero-current
detection (ZCD) threshold lzco 50 mA
Power Good (PG)
FB rising, PG falling 105% 108% 111% Ves
PG upper threshold FB falling, PG rising 104% | 107% 110% VEs
Hysteresis 1% Ves
FB falling, PG falling 89% 92% 95% Ves
PG lower threshold FB rising, PG rising 90% 93% 96% VEs
Hysteresis 1% Ves
PG low-to-high delay 380 us
PG high-to-low delay 150 us
PG sink current capability Sink 4mA 0.4 Y
PG leakage current Vpec = 5V 1 HA
Thermal Protection
Thermal shutdown rising o
threshold Tso 150 ¢
Thermal shutdown hysteresis Tsp-Hys 20 °C
Notes:
6) Not tested in production. Guaranteed by over-temperature correlation.
7) Guaranteed by engineering sample characterization.
MP4582 Rev. 1.0 MonolithicPower.com 5
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mps MP4582 - 100V, 2A, 8uA lo, SYNCHRONOUS BUCK CONVERTER

TYPICAL CHARACTERISTICS

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

Quiescent Current vs. Input

Quiescent Current vs. Junction

Voltage Temperature
11 25
9 20
R — 15
?’; ! 5; //
5
3 0
0 10 20 30 40 50 60 70 80 90 100 -50 0 50 100 150
Vin (V) T, (°C)
V\y Rising and Falling Threshold Feedback Reference Voltage vs.
vs. Junction Temperature Junction Temperature
45 900
V)]
= 4.3
1 .
< S 850
i2 :
a4l E
<z( % = 800
n39 &
o o
z & \ >
g E37 Rising 750
z Falling
~ 35 ‘ 700
-50 0 50 100 150 -50 0 50 100 150
T,(°C) T,(°C)
EN Threshold vs. Junction Peak Current Limit vs. Junction
Temperature Temperature
14 4
1.3 35
S <
5 12 = 3
& 5
> =
1.1 25
1 2
-50 0 50 100 150 -50 0 50 100 150
T,(°C) T,(°C)
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MP4582 - 100V, 2A, 8uA lo, SYNCHRONOUS BUCK CONVERTER

TYPICAL CHARACTERISTICS (continued)

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

Valley Current Limit vs. Junction Switching Frequency vs.

Temperature Junction Temperature
3 460
440
25
—_ ~ 420
< T
2 < 400 —_—
% % o
= 380
15
360
1 340
-50 0 50 100 150 -50 0 50 100
T, (°C) T, (°C)

150
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MP4582 - 100V, 2A, 8uA lo, SYNCHRONOUS BUCK CONVERTER

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

Efficiency vs. Load Current
Vour =5V, L = 10pH, DCR = 27mQ,
fsw = 400kHz

100
90 ‘/L‘
S 80 Z
5 70
=z
w60
)
m 50 —VIN=24V
w40 VIN=48V
30 VIN=72V |
20 : : :
001 0.1 1 10 100 1000
LOAD CURRENT (mA)
Output Voltage vs. Input Voltage
Vour = 5V, L = 10pH, DCR = 27mQ,
fow = 400kHz
]
5 —
L~ ‘
S 45
£ ——— 0=0A
> 4 -
lo=1A
35 lo=2A |
3 |
5 55 6 6.5 7

VIN (V)
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VOUT (V)

Efficiency vs. Load Current
Vour = 12V, L = 22uH, DCR = 50mQ,

fsw = 400kHz
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MP4582 - 100V, 2A, 8uA lo, SYNCHRONOUS BUCK CONVERTER

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

CHL1:
Vout/AC

CH2: Vi

CH3: SW

CH4: I

CHL1:
Vout/AC

CH4: lout

CH1: Vout

CH2: Vin

CH3: SwW

CH4: I
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mps MP4582 - 100V, 2A, 8uA lo, SYNCHRONOUS BUCK CONVERTER

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

Start-Up through EN Shutdown through EN
lout = 2A lout = 2A
u -
u
CHL Vour @ - '
o 1 cHuvor M
CH2: EN t CH2: EN
CH3: SW :
CH3: SW
CHa: I 250M8/5 e/ ][ 103l 2 CH4: I o
LM points _3.52 L33 Q00 v 8 p ]Euous 25065/ 0. ][ 100 2
200V & 9 2004 &% flimev-as 10M points 258V 16:12:56
SCP Entry SCP Recovery
loutr = 2A to SCP lout = SCP to 2A
k:
CH1: Vour CH1: Vour
CH2: Vin CH2: Vi
CH3: SW CH3: SW
CHa: I 25 0MS s \ [ 107l 2 CH4: I
10M points 9.50 12:26:02
Mode Transient
lout = 0A, PSM to FCCM
CH1: b .
| g CH1:
VOUT/AC _J 1 VOUT/AC
CH2: CH2:
MODE MODE
CH3-sw CH3: SW
CH4: I CH4: I
1.2565/s e/ [ 107ul 2 @ s00nv A : @ 2.00ms . SUDMS/s. [ % : W0 Rl 2
10M points 120V 20:20:04 200V % & 1004 & ][ur- 10M points 120V }[ 20:24:05
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mP5 MP4582 — 100V, 2A, 8pA lo, SYNCHRONOUS BUCK CONVERTER

FUNCTIONAL BLOCK DIAGRAM
EN vee BIAS

T o7
Vec and BSTReg —— [ ] BST

Internal Vger

VIN[ ] I
|: Peak Current
N
MODE/ ]—
SYNC[ fow PLL |
Control Logic Jsw
OVP PWM |
|
FB [} - T
SS + EA Valley Current
Vrer * 1 PGND

|
|
|
|
FB —
PG_UPPER_THR —= 1pG
|
AGND [] +[ '

|
Yy |

1

PG_LOWER_THR
FB

Figure 1: Functional Block Diagram
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MP4582 — 100V, 2A, 8pA lo, SYNCHRONOUS BUCK CONVERTER

OPERATION

The MP4582 is a synchronous, step-down,
switching converter with integrated high-side
and low-side power MOSFETs (HS-FET and
LS-FET, respectively). It provides a highly
efficient solution with internal compensation,
featuring a wide input voltage (Vin) range,
internal soft-start (SS) control, and precise
current limiting. Its low operational quiescent
current (lg) makes it suitable for high efficiency
in light-load applications. Figure 1 on page 11
shows the internal block diagram, and the
following sections describe the MP4582’s
detailed functionality.

Buck Operation

The MP4582 works in fixed-frequency, valley
current control mode to regulate the output
voltage (Vour). At the beginning of each cycle,
the HS-FET turns on once the feedback (FB)
voltage (Ves) drops below the reference voltage
(Vrer). Once the HS-FET turns off, the LS-FET
turns on to conduct the inductor current (I.) until
it triggers the COMP control signal. By
repeating operation in this way, the MP4582
regulates Vour. When the HS-FET switches off,
it remains off for at least 120ns before the next
cycle begins.

If the current in the LS-FET does not trigger the
error amplifier (EA) output value within one
pulse-width modulation (PWM) period, the LS-
FET remains on until the EA output value is
triggered. Then the HS-FET turns on again.

If the HS-FET and LS-FET are turned on at the
same time, a dead short occurs between the
VIN and PGND pins. This is called shoot-
through. To avoid shoot-through, a dead time is
generated internally between the HS-FET and
LS-FET on and off periods. The dead time
occurs between the HS-FET off time and the
LS-FET on time, or vice versa.

Heavy-Load Operation

The MP4582 operates in continuous conduction
mode (CCM) when the output current (lour) is
high and I_ 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 I.. The part operates in
PWM mode when the switching frequency (fsw)
remains constant while the part is in CCM.

Light-Load Operation

The MP4582 can work in power-save mode
(PSM) under light-load conditions. In PSM, the
LS-FET goes into tri-state (Hi-Z) when I_ drops
close to O0A, and the output capacitors
discharge slowly to GND through the FB pin’s
resistor. If Vour drops and the internal EA
output voltage rises, the MP4582 starts the next
switching cycle by turning on the HS-FET. The
MP4582 automatically reduces fsw and lo when
the device is not switching. This improves the
device’s efficiency when lour 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
lour increases, the HS-FET turns on more
frequently. In turn, fsw also increases. lout
exceeds the upper boundary level when the
valley I. reaches OA.

VCC Power Supply

The MP4582’s control circuit is powered by the
VCC pin, which is regulated by Vix and BIAS.
VCC requires one 21uF, 16V ceramic capacitor
and one 6.2V Zener diode connected from VCC
to AGND for proper operation.

The Vec uvio and Vin_uvio thresholds protect the
chip from operating at an insufficient supply
voltage. The MP4582’s under-voltage lockout
(UVLO) comparator monitors Vin and Vcec.
When both Viy and Vcc are high enough, the
device begins operation.

When Vv exceeds Vin_uvio and EN is high, the
MP4582 regulates Vcc from Vi first. If BIAS is
exceeds its 4.25V typical value and Vy is above
its UVLO threshold, the MP4582 switches the
power source from Vi to BIAS to achieve
higher efficiency for internal driver loss. BIAS
requires one =20.1uF ceramic capacitor for
decoupling. If Vour is above 14V, a Zener diode
is required to decrease Vour for the BIAS pin’s
power supply by inserting the Zener diode
between Vour and the BIAS pin.

MP4582 Rev. 1.0
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MP4582 — 100V, 2A, 8pA lo, SYNCHRONOUS BUCK CONVERTER

Start-Up

When the EN pin is high and Vcc and Vv have
exceeded their respective UVLO thresholds, the
MP4582 starts up via an internal soft start (SS)
signal. Once the MP4582 starts switching, the
SS signal ramps up from 0OV and is compared to
Vree. The lower voltage feeds the EA to control
Vour. After the SS signal exceeds Vger, SS
completes and the internal reference block
takes charge of the FB loop regulation. The
MP4582 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 the soft-start
voltage (Vss) exceeds Ves.

Enable (EN) and Configurable Under-Voltage
Lockout (UVLO)

The EN pin turns the MP4582 on and off. When
the EN voltage (Ven) rises to the EN high
threshold, the MP4582 enables all functions
and starts switching. Once Ven falls below its
lower threshold, switching is disabled. 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 the MODE/SYNC pin low to set the
MP4582 to PSM; pull MODE/SYNC high to set
it to FCCM. PSM and FCCM can transition back
and forth when the MP4582 is switching.
Connect an external clock to sync the internal
fsw from 400kHz to 2.2MHz (sync the SW rising
to the external signal’s rising edge).

Switching Current Limit

The MP4582 supports a cycle-by-cycle
switching current limit. When the LS-FET is on,
IL is monitored. If the sensed I. exceeds the
valley current limit threshold (I._umir, 2.1A), the
HS-FET waits until 1. falls below the valley
current limit to turn on again (see Figure 2).

A - VAN BN

Limit

Trigger Valley Trigger Peak and
Current Limit Valley Current Limit

Figure 2: Current Limit Schematic

Normal State

The MP4582 also supports a switching peak
current limit during the HS-FET on period.
When the peak current limit is triggered, the
HS-FET shuts down immediately and the LS-
FET turns on after a dead time. The HS-FET
turns on again during the next switching period.

Overload Protection and Short-Circuit
Protection (SCP)

During an overload or output short-circuit
condition, Vour drops due to the cycle-by-cycle
switching current limit. Once Veg drops below
the under-voltage (UV) threshold, the MP4582
enters hiccup mode to periodically restart the
part. During the SS time (tss), hiccup mode is
disabled.

During hiccup over-current protection (OCP),
the MP4582 turns off the output power stage
and discharges the SS capacitor (Css). Then
the IC automatically initiates another SS. If the
over-current (OC) condition remains after SS
ends, the device repeats this hiccup operation
until the OC condition is removed. Once the OC
condition has been removed, Vour returns to its
regulation level.

Input Over-Voltage Protection (OVP)

The MP4582 constantly monitors Vin. If Vin
exceeds the Vv over-voltage protection (OVP)
threshold (about 103V) due to negative I, the
controller switches from FCCM to discontinuous
conduction mode (DCM). Once Vv drops to a
normal voltage (about 100V), the MP4582
recovers and resumes normal operation.

Output OVP

The MP4582 constantly monitors Vour. If Vour
exceeds 108% of the Vgrer threshold, the HS-
FET turns off immediately and the Vour
discharge function turns on (via a 1kQ resistor
between SW and PGND). Once Vour drops to a
normal voltage (less than 107% of Vrer), the
MP4582 recovers and resumes normal
operation.

Bootstrap (BST) Power Supply

An external bootstrap (BST) capacitor (Cgsr)
powers the floating power MOSFET driver. This
floating driver has its own UVLO protection. Vcc
regulates the Csgst voltage (Vest) internally
through D1, M1, C3, L1, and C2 (see Figure 3

MP4582 Rev. 1.0

MonolithicPower.com 13

3/11/2025 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2025 MPS. All Rights Reserved.



meSs

MP4582 — 100V, 2A, 8pA lo, SYNCHRONOUS BUCK CONVERTER

on page 14). If (Vin - Vsw) exceeds 5V, then Ul
regulates M1 to maintain a 5V Vssr across C3.

Vce

Figure 3: Internal Bootstrap Charger

Thermal Protection

The MP4582 has one temperature-monitoring
circuit. If the junction temperature (T;) exceeds
150°C, the MP4582 shuts down. Once the

temperature drops below 130°C, the device
resumes normal operation.

Power Good (PG)

The power good (PG) signal indicates whether
Vour is within its normal range compared to the
internal Vger. The PG pin is an open-drain
output.

When Vour is above 93% and below 107% of
the internal Vger and the SS is complete, the
PG signal is pulled high. When the Vour is
below 92% or above 108% of the internal Vgrer
after SS completes, the PG signal is pulled low.

The PG output is also pulled low if EN UVLO,
Vin UVLO, or OTP is triggered.

MP4582 Rev. 1.0
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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
lo 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

out _q

V,

REF

R2= (1)

Where Vger is the reference voltage (typically
0.8V).

Figure 4 shows a typical feedback circuit.

Vour

MP4582
R1

FB

R2

Figure 4: Feedback Network

Selecting the Inductor

A larger-value inductor provides less ripple
current, which results in a lower Vour ripple
(AVour). However, a larger-value inductor also
has a larger physical footprint, higher series
resistance, and lower saturation current. The
inductance (L) can be calculated with Equation

(2):

L= VOUT < (1_ VOUT ) (2)
fSW x AIL \/IN

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

It is recommended to choose an inductor ripple
current range of 30% to 60% of the maximum
lout. The inductor should not saturate under the
maximum peak inductor current. The peak
inductor current (I._peak) can be calculated with
Equation (3):

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
maintaining the DC V. 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 converter's maximum input
ripple current. The input ripple current (Iciy) can
be estimated with Equation (4):

\V/ V
[oo=1.  x [—QUT (19Ul (4)
an = lour \/\/IN ( v )

IN

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

I _ _ouTt (5)

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

The input capacitance (Cin) determines the
converter's Viy ripple (AVin). If there is a AViy
requirement in the system, choose Ciy to meet
the relevant specifications. AViy can be
estimated with Equation (6):

AV, — lour v Vour x (1 VOUT) ©)
" fow *Cn Vin Vin

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

AV, = 1 x _our 7
4 fg, xC,
Selecting the Output Capacitor

The output capacitor (Cour) is required to
maintain the DC Vour. It is recommended to use
ceramic or POSCAP capacitors.

AVour can be estimated with Equation (8):

V, V
— out _ Your V, V, 1
IL_PEAK = IOUT + T L x (1 Vv ) (3) AVyr = —T 5 (1- —) x (Regp + ——————) (8)
sw X IN fow xL IN 8xfsw xCour
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With ceramic capacitors, the capacitance
dominates the impedance at fsw and causes the
majority of AVour. For simplification, AVour can
be estimated with Equation (9):

AVOUT — > VOUT % (1_ VOUT) (g)
8xfgy xCoyr XL Vin

With POSCAP capacitors, the ESR dominates
the impedance at fsw. For simplification, AVour
can be estimated with Equation (10):

V VOUT

IN

SW

)% RESR (10)

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

(11)

COUT_MAX = (ILIM_AVG - IOUT) xlgs /VOUT

Where tss is the SS time, and lum ave IS the
average start-up current during SS. lum_ave can
be approximately estimated with Equation (12):

+Al /4 (12)

lLIM_AVG ~ lL_LIMIT

Where I__umit is the valley current limit, and Alg
is the inductor ripple current.
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/I2A
fsw 400kHz

Figure 6 and Figure 7 on page 17 show the
detailed application schematics. For the typical
performance and circuit waveforms, see the
Typical Performance Characteristics section on
page 8. 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 (PGND, VIN,
and SW) as close to the device as possible
using short, direct, and wide traces.

2. Place the input capacitor (Cin) as close to
the VIN and PGND pins as possible.

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

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

5. Connect the NC pin to PGND, and place as
many vias as possible next to the PGND
and NC pins for better thermal performance.

uuuuuuuuuuuuuuuuuuuuuuuuuuuuu

uuuuuuuuuuuuuuuuuuuuuuu Top Layer
ccccccccccccccccccccc Inner Layer 1

uuuuuuuu 2 ¢ 2 JHE Bottom Layer

uuuuuuuu

uuuuuuuuu
ooooooooo

cccccc

Figure 5: Recommended PCB Layout

MP4582 Rev. 1.0
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TYPICAL APPLICATION CIRCUITS

L cs
Ul a To1pF
BIAS 1
Vi = 6V to 100V BST
o ’ — 3 i SauF
% L1
ClCJ_ ClBJ_ ClAJ_ 100k sw 1011, 19T YY" : Vo,l,JT
4.7pFI 4.7pFI O.lplil: EN 10pH 5V/I2A
= ¥ = MP4582 R1 164 Ic2A [C2B
PGo 17| pg 1MQ % 3.3pF 22uFT22uF
R4 s 4 +
100k 18 R2 =
vee MODE/SYNC ona S
D1 J_ C5 AGNDPGND
6.2V 1pF =
= ® <~
< ~
<
v =
Figure 6: Typical Application Circuit (5V Output)
L c6
U1 a JOo.1pF
BIAS 1
Viy = 12V to 100V 3 BST c3
o * VIN 0.1uF
cic| ci| cia] R7 ! Vv
100kQ sw 20 1t 19T 220 _ ouT
4.7pFI 4.7pli|: o.1pFI EN 22pH l 12VI2A
= T = MP4582 R1 €4 1C2A 1C2B
PGo 17 | pg 976kQ % TS.SpF 22)F [ 22uF
R4 re
100kQ =
16 {vee MODE/SYNC |2 sonn S i
D1 J_ C5 AGND PGND
6.2V 1pF ”
9 ® <
© ~
<
AvaRES
Figure 7: Typical Application Circuit (12V Output)
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PACKAGE INFORMATION

QFN-19 (3mmx5mm)

0.55 130
BSC
‘ 2.90 ‘ 0.25 | 4 Lo0z20 1.40
PIN 1 1D | B 0.35 ‘ ; “ 0.30 PIN1ID
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RECOMMENDED LAND PATTERN
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CARRIER INFORMATION

000000 O0 O

Pinl —» 1 1 ey 1 1
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
MP4582GQVE-Z QFN-19 5000 N/A N/A 13in 12mm 8mm
(B3mmx5mm)
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