DESCRIPTION

The MP1654F is a fully integrated, high-
frequency, synchronous, rectified, step-down
switch-mode converter with internal power
MOSFETs. The MP1654F offers a very
compact solution that achieves 4A of
continuous output current (lout) across a wide
input voltage (Vin) range, with excellent load
and line regulation. The MP1654F is well-suited
for applications that must support a tight output
voltage (Vour) ripple.

Constant-on-time (COT) control provides very
fast transient response, facilitates loop design,
and also provides tight output regulation.

Full protection features include short-circuit
protection (SCP), over-current protection (OCP),
under-voltage protection (UVP), and thermal
shutdown.

The MP1654F requires a minimal number of
readily available, standard external components,
and is available in a space-saving SOT563
(1.6mmx1.6mm) package.

MP1654F

16V, 4A, 1.1MHz, High-Efficiency,

Synchronous, Step-Down Converter

with FCCM in an SOT563 Package

FEATURES
e Forced Continuous Conduction Mode
(FCCM)

¢ 1.1MHz Fixed Switching Frequency (fsw)
o Wide 4.5V to 16V Operating Input Voltage
(Vin) Range
e 4A Output Current (lout)
e 47mQ/28mQ Low On Resistance (Rps(on))
Internal Power MOSFETSs
o 0.6V to 8V Output Voltage (Vour) Range
+1% Feedback (FB) Accuracy at Room
Temperature
+1.5% FB Accuracy at Full Temperature
Excellent Load Transient Performance
Pre-Biased Start-Up
Enable (EN) Power Sequencing
Over-Current Protection (OCP) and Hiccup
Mode
Vin Over-Voltage Protection (OVP)
e Thermal Shutdown
Available in a SOT563 (1.6mmx1.6mm)
Package

Optimized Performance with
MPS Inductor MPL-AL Series

APPLICATIONS

Flat-Panel Television and Monitors
Digital Set-Top Boxes

Security Cameras
General-Purpose Power Supplies

All MPS parts are lead-free, halogen-free, and adhere to the RoHS directive.
For MPS green status, please visit the MPS website under Quality
Assurance. “MPS”, the MPS logo, and “Simple, Easy Solutions” are
trademarks of Monolithic Power Systems, Inc. or its subsidiaries.
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mps MP1654F - 16V, 4A, 1.1MHZ, SYNC STEP-DOWN CONVERTER

TYPICAL APPLICATION

e Efficiency vs. Load Current
fra - Vour = 3.3V, L = 1.5pH, DCR = 6mQ
Vin = Vour = 95
4.5V to 16V 3.3V/4A S
BST ) N
o—l— VIN sw o %
Cc1 E 85
2F T | MP1654F - 224F x 2 c 80
— FB L
- o s VIN=5V
70 ——VIN=12V
EN 65 —\/IN=
EN GND VIN=16V
60
0 1 2 3 4
LOAD CURRENT (A)
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mP5 MP1654F - 16V, 4A, 1.1MHZ, SYNC STEP-DOWN CONVERTER

ORDERING INFORMATION

Part Number* Package Top Marking | MSL Rating
MP1654FGTF | SOT563 (1.6mmx1.6mm) See Below 1

* For Tape & Reel, add suffix -Z (e.g. MP1654FGTF-2).

TOP MARKING

CFFY
LLL

CFF: Product code of MP1654FGTF
Y: Year code
LLL: Lot number

PACKAGE REFERENCE

TOP VIEW
VIN [1] @ 6] FB
sw [2 5] EN
GND [ 3 (4] BST
SOT563 (1.6mmx1.6mm)

MP1654F Rev. 1.0 MonolithicPower.com 3
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meSs

MP1654F - 16V, 4A, 1.1MHZ, SYNC STEP-DOWN CONVERTER

PIN FUNCTIONS

Pin # Name |Description
1 VIN Supply voltage. A capacitor is required to decouple the input rail. Make the VIN pin’s
connection using a wide PCB trace.
2 SwW Switch output. Make the SW pin connection using a wide PCB trace
3 GND System ground. GND is the reference ground of the regulated output voltage (Vour) and
requires extra care during the PCB layout. Connect GND with copper traces and vias
4 BST Bootstrap. Connect a 0.1uF to 1uF BST capacitor and a resistor between the SW and
BST pins to form a floating supply across the high-side switch driver.
Enable. Drive EN high to enable the chip. For automatic start-up, connect EN to VIN via a
5 EN .
100kQ resistor.
6 FB Feedback. Connect FB to the tap of an external resistor divider from the output to GND to
set Vour.
ABSOLUTE MAXIMUM RATINGS @ Thermal Resistance 6;an 63
Input voltage (VIn) ...cvevevevererereeenne. -0.3V to +18V SOT563 (1.6mmx1.6mm)
VSW o eeeeieeetiie e -0.3V (-4V for <10ns) JEDEC @ ..o, 130...33.5... °C/W
to Vin + 0.3V (+22V for <10ns) EVL1654F-TF-00A ©............. 60........ ... °CIW
YT U Vsw + 4V GJC_TOP OJC_BOT
VEN ..o -0.3V to +18V
; JEDEC @ ...ocoiiiiiieeecieeee 65....17.4... °C/W
All other pins ..., -0.3V to +4V
Continuous power dissipation (Ta = 25°C) @ ©®) ¥ir
SOTEB3 ..o 2W JEDEC @ .. ... 3.9....°C/W
Junction temperature (T3) ccoevvvveevieeieeennnen. 150°C EVL1654F-TE-00A ® ... . ... ... ... ... 4. . °C/W
Lead temperature .........ccccceeeevviiivvineeeeenn. 260°C
Storage temperature................ -65°C to +150°C Notes:
. L. 1) Exceeding these ratings may damage the device.
Recommended Operatl ng Conditions ® 2) The maximum allowable power dissipation is a function of the
maximum junction temperature, T; (MAX), the junction-to-
Supply voltage (ViN) «cceevvveeiieeeriennnnns 4.5V to 16V ambient  thermal  resistance. eJJA, and  the  ambient
Output voltage (VOUT) .......................................... temperature, Ta. The maximum allowable continuous power
________________________ 0.6V to VN X Duax, or 8V max dissipation at any ambient temperature is calculated by Pp
. . . ° ° (MAX) = (T; (MAX) - Ta) / B;.. Exceeding the maximum
Operatmg junCtIOI’] temp (TJ)"" -40°C to +125°C allowable p()Jwer dissipati/:)n caJr? produce an excessive die
temperature, and the regulator may go into thermal shutdown.
Internal thermal shutdown circuitry protects the device from
permanent damage.

3) The device is not guaranteed to function outside of its
operating conditions.

4) The value of 6,4 is only valid for comparison with other
packages and cannot be used for design purposes. This
value is based on a JEDEC51-7 board. They do not represent
the performance obtained in an actual application.

5) Measured on the EVL1654F-TF-00A, 5.0cmx5.0cm, 2 layers
with 20z.

The junction to top characterization parameter, y;r, estimates
the junction temperature in the real system, based on
equation TJ = Wi X PLOSS + TCASE_TOPv where PLOSS is the entire
loss of IC at real application, Tcase top iS case top
temperature.
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mP5 MP1654F - 16V, 4A, 1.1MHZ, SYNC STEP-DOWN CONVERTER

ELECTRICAL CHARACTERISTICS

Vin =12V, Ven = 2V, T; = -40°C to +125°C ©), typical value is tested at T; = 25°C, unless otherwise
noted.

Parameter ‘ Symbol ‘ Conditions ‘ Min ‘ Typ ‘ Max ‘ Units
Supply Current

Supply current (shutdown) Isp Ven = OV 10 MA
Supply current (quiescent) lo Ven = 2V, Vre = 0.65V, no switching 130 200 MA
MOSFET

Elgp)-ssaﬁchf/llgﬁfss-li-s(tgrie Roson) Hs | VesT-sw = 3.3V 47 mQ
Iﬁcéq)séc\:\ﬁtgﬂh(-)oi':rilélt_;ce Rosonts | Vee = 3.3V 28 mQ
Switch leakage SWike Ven = 0V, Vsw = 16V 10 MA
Current Limit

Valley current limit lumi_vy 4.3 5.5 6.9 A
Short hiccup duty cycle DHiccup 12.5 %
Negative current limit lumim_neL -3 -2.5 -2 A

Switching Frequency (fsw) and Minimum On/Off Timer
Vin =12V, Vour = 3.3V,

Switching frequency faw lour = 2A, Ta = 25°C 1000 | 1100 | 1210 kHz
Minimum on time ton_MIN 45 ns
Minimum off time torr_mIN 80 115 150 ns
Reference and Soft Start
Ts=25°C 594 600 606 mV
Feedback voltage VEs
Ty=-40°C to +125°C ® 591 600 609 mV

Soft start time tss Vout from 10% to 90% 0.5 1 1.6 ms
Enable (EN) and Under-Voltage Lockout (UVLO)

EN rising threshold VEN_RISING 1.15 1.2 1.35 \Y,
EN falling threshold VEN_FALLING 0.9 1 11 \Y,
EN hysteresis VEN_HYs 200 mV
EN pin pull-down resistor Ren 1 MQ
EN turn-on delay tenonoLy | From EN rising to the first switching 150 us
Ir?s?#; \;ﬁ:teasgheol((;/m) UvVLO VIN_UVRISING 4 4.25 4.5

Vin UVLO falling threshold | Vin_uvraLLinG 3.7 4 4.3

Vin UVLO hysteresis VIN_uvHYS 250 mv
Input Over-Voltage Protection (OVP)

Vin OVP rising threshold Turn off both HS-FET and LS-FET 165 | 175 | 185 Vv
Vin OVP falling threshold 154 | 164 | 174 \Y
Thermal Protection

Thermal shutdown @ Tsp 155 °C
Thermal hysteresis Tsorys 20 °C
Notes:

6) Limits over temperature are guaranteed by design, characterization, and correlation. Not tested in production.
7) Derived by sample characterization, and not tested in production.
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mP5 MP1654F - 16V, 4A, 1.1MHZ, SYNC STEP-DOWN CONVERTER

TYPICAL CHARACTERISTICS
Vin = 12V, Vour = 3.3V, L = 1.5uH, Ta = 25°C, unless otherwise noted.

Efficiency vs. Load Current Efficiency vs. Load Current
Vour =5V, L =2.2uH, DCR = 8.3mQ Vour = 3.3V, L = 1.5pH, DCR = 6mQ
100 100
~ 90 = 9
S S 80
> 80 >
> 70
Q 70 S
& w60
L
L 50 VIN=6.5V Lo 40
40 ——VIN=12V 30
30 —— VIN=16V ig —VIN=16V
20
0.01 01 1 0.01 0.1 1
LOAD CURRENT (A) LOAD CURRENT (A)
Efficiency vs. Load Current Efficiency vs. Load Current
Vour = 2.5V, L = 1.5uH, DCR = 6mQ Vour= 1.8V, L = 1.2uH, DCR = 5.3mQ
100 100
=~ 9 =~ 90
S 80 S 80
570 570
& 60 i 60
O 50 O 50
LL LL
L 40 VIN=4.5V L 40 VIN=4.5V
30 ——VIN=12V 30 ——VIN=12V
20 ——VIN=16V 20 ——VIN=16V
10 10
0.01 0.1 1 0.01 0.1 1
LOAD CURRENT (A) LOAD CURRENT (A)
Efficiency vs. Load Current Efficiency vs. Load Current
Vour= 1.5V, L = 1uH, DCR = 4.3mQ Vour= 1.2V, L = 0.68pH, DCR = 7.5mQ
100 100
90 9
S 80 S 80
> 70 5 70
zZ Z 60
I 60 TS
O 50 O
i i 40
L 40 VIN=4.5V L 3 VIN=4.5V
30 ——VIN=12V 20 ——VIN=12V
20 ——VIN=16V 10 ——VIN=16V
10 0
0.01 0.1 1 0.01 0.1 1
LOAD CURRENT (A) LOAD CURRENT (A)
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mps MP1654F - 16V, 4A, 1.1MHZ, SYNC STEP-DOWN CONVERTER

TYPICAL CHARACTERISTICS (continued)
Vin = 12V, Vour = 3.3V, L = 1.5uH, Ta = 25°C, unless otherwise noted.

Efficiency vs. Load Current Efficiency vs. Load Current
Vour = 1V, L = 0.68uH, DCR = 7.5mQ Vour = 0.8V, L = 0.68uH, DCR = 7.5mQ
100 100
~ 2 90
S 80 S 80
> 70 > 70
% 60 % 60
5 50 o 50
T 40 T 40
L 3 VIN=4.5V L 3 VIN=4.5V
20 ——VIN=12V 20 ——VIN=12V
10 ——VIN=16V 10 ——VIN=16V
0 0
0.01 0.1 1 0.01 0.1 1
LOAD CURRENT (A) LOAD CURRENT (A)
Load Regulation Line Regulation
0.8
L 0.6
& o —— g 02
E z 5 l-
< -05 M= =SUgH 5 of= |
3 T E 02| |
o -1 ——VIN=B5V | 2 04 |- IOUT=0.01A -
xr -0.6 _
o 1° VIN=12V g o8 IOUT=2A
< -0. _ i
o 2 VIN=16V wo -1 IOUT=4A
- | | Z ‘
25 - 12
0 1 2 3 4 4 8 12 16
LOAD CURRENT (A) INPUT VOLTAGE (V)
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meSs

MP1654F - 16V, 4A, 1.1MHZ, SYNC STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS

Performance waveforms are tested on the evaluation board (see the Design Example section on
page 15 for more details). Vin = 12V, Vour = 3.3V, L = 1.5uyH, Ta = 25°C, unless otherwise noted.

CH2:Vinac

CH3:Vsw

CH4:IL

CH2:Vin

CH3:Vsw

CH4:1

CH2:Vin
CH3:Vsw

CH4:1

Input and Output Voltage Ripple

lout = 0A

= 20mvf s 3100V 4 2004

1.000us/  -2.000ns Stop

CH2:Vinac

CH3:Vsw

CH4:lc

Start-Up through Input Voltage

loutr = OA

E 2.00v1 o0V 3 o0y 4 2004 2.000msf 0.0s Trig'd?

CH2:Vin

P
—

Shutdown through Input Voltage

lout = 0A

! 2.00vF 00 3 ooy, 4 2004 20.00ms/ 0.0s Trig'd?

CH2:Vin
CH3:Vsw

CH4:lc

U
—

Input and Output Voltage Ripple
lout = 4A

20reif S00rev/ 3 10.0W/ 4 200A 1.000us/  -2.000ns Stop

Start-Up through Input Voltage
loutr = 4A

E 2.00vf 00v 30 00V 4 2004 2000ms/ 00s Trig'd?

Shutdown through Input Voltage
lout = 4A

—
2.00v/ ooy, 3 0o/ 4 2004/ 1.000ms/ 300 0us Trigd?
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meSs

MP1654F - 16V, 4A, 1.1MHZ, SYNC STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested on the evaluation board (see the Design Example section on
page 15 for more details). Vin = 12V, Vour = 3.3V, L = 1.5uyH, Ta = 25°C, unless otherwise noted.

CH2:Ven

CH3:Vsw

CH4:IL

CH2:Ven

CH3:Vsw

CH4:1

CH2:Vin

CH3:Vsw

CH4:1L

Start-Up through EN
lout = 0A

E 2.000F 200v 3 o00vs 4 20047 2000ms/  300.0us Stop

Shutdown through EN
lout = OA

E 2.00v/ 200vi 3 100V 4 2004 B000ms/  2B00ms Stop

[p——

Short-Circuit Protection Entry
lout = OA

E 200/ 00V 3 100 4 5004/ 1000ms/  1300ms  Trigd?

CH2:Ven

CH3:Vsw

CH4:lc

CH2:Ven

CH3:Vsw

CH4:lu

CH2:Vin

CH3:Vsw

CH4:1L

Start-Up through EN

lout = 4A
! 200w/ 2.00vF 3 10,00/ 4 2.004/ 2.000ms/ 300 Ous Stop

Shutdown through EN
lout = 4A

200w 200V 3 0w 4 20040 100.0us/ 64.00us Trigd?

Short-Circuit Protection Entry
lout = 4A

200/ 0w 3 100V 4 5004 10.00ms/  13.00ms Trig'd?

MP1654F Rev. 1.0
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mps MP1654F - 16V, 4A, 1.1MHZ, SYNC STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested on the evaluation board (see the Design Example section on
page 15 for more details). Vin = 12V, Vour = 3.3V, L = 1.5uyH, Ta = 25°C, unless otherwise noted.

Short-Circuit Protection Steady
State

I- 500/ WOV 3 100V 4 B00A/  1000ms -18.40ms  Stop

CH2:Vin

i

CH3:Vsw » | | l I | | | I | | I
CH4:IL B W

Short-Circuit Protection Recovery
lout = 4A

E 2.00vF woove 3 movs 4 600A7 10.00ms/ -18.40ms  Trigd?

CH2:Vin

CH3:Vsw

CH4:1

Short-Circuit Protection Recovery
lout = OA

E 200vf 00w 3 100v 4 500A&  1000ms/ -18.40ms  Trigd?

CH2:Vin

CH3:Vsw

CH4:1L

CH4:lour

Load Transient Response
lout = 2A to 4A, 2.5A/ps by e-load

I- 0/ 3 4 2004/ 5000us/  E90Ous  Stop

?

I

MP1654F Rev. 1.0
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mps MP1654F - 16V, 4A, 1.1MHZ, SYNC STEP-DOWN CONVERTER

FUNCTIONAL BLOCK DIAGRAM

VIN H]

Vee
Regulator

Bootstrap
Regulator 4[>1_T—_[:|BST
I
On Timer S E
—L Driver _| }
Soft
Start . l [:l w
coT Vee
Current Limit Control Rsen
Reference Comparator T
LS
+ Driver _|
+
=N [ iMQ P
-
= { ]enD
N <— Ramp =
+
FB [ ] _

Current-Sense
Amplifier

Figure 1: Functional Block Diagram
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meSs

MP1654F - 16V, 4A, 1.1MHZ, SYNC STEP-DOWN CONVERTER

OPERATION
Constant-On-Time (COT) Control
The MP1654F employs constant-on-time (COT)

control to achieve a fast load transient response.

Figure 2 shows the MP1654F’s detailed control
stage.

/l/l Adaptive
RAMP

Figure 2: COT Control

The operational amplifier (AMP) corrects any
error voltage between the FB pin and the
reference voltage (Vrer). The MP1654F can
use AMP to provide excellent load regulation
across the entire load range in either pulse-
frequency modulation (PFM) mode or pulse-
width modulation (PWM) mode.

The MP1654F has internal RAMP
compensation to support a low-ESR MLCC
output capacitor solution. The adaptive internal
RAMP is optimized so that the MP1654F is
stable across the entire operating input voltage
(Vin) and output voltage (Vour) ranges with a
properly designed output LC filter.

Pulse-Width Modulation (PWM) Operation

Figure 3 shows how the PWM signal is
generated. AMP corrects any error between the
FB voltage (Ves) and Vgrer, and generates a
fairly smooth DC voltage (COMP).

E;E; E Py T~

RAMP

COMP

PWM

HS-FET [ lov
Driver ——

LS-FET —
Driver

loyt / /\
||_ \/ /

Figure 3: Heavy-Load Operation

The internal RAMP is superimposed onto
COMP, which is compared to the FB signal. If
the FB signal drops below the superimposed
COMP, the integrated high-side MOSFET (HS-
FET) turns on. The HS-FET remains on for a
fixed turn-on time. The fixed on time is
determined by Vin, Vour, and the switching
frequency (fsw). After the on period elapses, the
HS-FET turns off. It turns on again when the FB
signal drops below the superimposed COMP.
By repeating this operation, the MP1654F
regulates Vour.

To minimize conduction loss, the integrated
low-side MOSFET (LS-FET) turns on when the
HS-FET is off. A dead short occurs between
VIN and GND if both the HS-FET and the LS-
FET turn on at the same time. This is called a
shoot-through. To avoid shoot-through, a dead
time (DT) is generated internally between the
HS-FET off period and the LS-FET on period,
and vice versa.

Enable (EN) Control

EN is a digital control pin that turns the
regulator on and off. Drive EN above the EN
rising threshold to turn on the regulator. Drive
EN below the EN falling threshold to turn off the
regulator. When floating, EN is pulled down to
GND by an internal 1MQ resistor. EN can
enable the MP1645F when it is connected to
VIN via a 100kQ resistor.

Under-Voltage Lockout (UVLO)

Under-voltage lockout (UVLO) protects the chip
from operating at an insufficient supply voltage.
The MP1654F UVLO comparator monitors the
internal regulator's output voltage (Vcc). The
UVLO rising threshold is about 4.25V, while the
falling threshold remains consistent at 4V.

Internal Soft Start (SS)

Soft start (SS) prevents the converter's Vour
from overshooting during start-up. When the
chip starts, the internal circuitry generates a
soft-start voltage (Vss) that ramps up from 0V to
1.2V. When Vss is below Vgrer, Vss overrides
Vrer, SO the error amplifier uses Vss as the
reference. When Vss exceeds Vger, the error
amplifier uses Vger as the reference.

MP1654F Rev. 1.0
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meSs

MP1654F - 16V, 4A, 1.1MHZ, SYNC STEP-DOWN CONVERTER

Over-Current Protection (OCP) and Short-
Circuit Protection (SCP)

The MP1654F has a valley-limit control. The
LS-FET monitors the current flowing through
the LS-FET. The HS-FET waits until the valley
current limit is removed before turning on again.
Meanwhile, Vour drops until Veg is below the
under-voltage (UV) threshold (typically 40% of
Vrer). Once the UV condition is triggered, the
MP1654F enters hiccup mode to restart the part
periodically.

During over-current protection (OCP), the
device attempts to recover from the OC fault
with hiccup mode. This means that the chip
disables the output power stage, discharges the
soft start circuit, and attempts to soft start again
automatically. If the OC condition still remains
after the soft start ends, the device repeats this
operation cycle untii the OC condition
disappears, and then the output rises back to
the regulation level.

Pre-Biased Start-Up

The MP1654F is designed for monotonic start-
up into pre-biased loads. If the output is pre-
biased to a certain voltage during start-up, the
IC disables switching for both the HS-FET and
LS-FET until Vss exceeds the sensed output
voltage at the FB pin (Vgg). If the BST voltage
(Vest) is below its UVLO threshold during the
start-up, the LS-FET turns on to allow the BST
voltage to be charged through VIN. The LS-FET
turns on for very narrow pulses, so the drop in
the pre-biased level is negligible. After Vss
reaches the pre-biased voltage at the FB pin,
the IC begins to work normally.

Thermal Shutdown

Thermal shutdown prevents the chip from
operating at exceedingly high temperatures.

When the silicon die temperature exceeds
155°C, the entire chip shuts down. When the
temperature falls below its lower threshold
(typically 135°C), the chip is enabled again.

Floating Driver and Bootstrap Charging

An external bootstrap capacitor powers the
floating power MOSFET driver. This floating
driver has its own UVLO protection. Vi
regulates the bootstrap capacitor voltage
internally through D1, M1, R4, C4, output
inductor (Lout), and output capacitor (Cour) (see
Figure 4). If the VIN voltage subtracted by the
SW voltage (Vin - Vsw) exceeds 3.3V, U2
regulates M1 to maintain a 3.3V BST voltage
across C4. The BST resistor (R4) is
recommended to be below 4.7Q.

N
' Dl:IMl | :
33V 9 R4
E u2 E 1C4
: : T Vout
i : SW Lout

Figure 4: Internal Bootstrap Charger

Start-Up and Shutdown Circuit

If both Vix and EN exceed their respective
thresholds, the chip starts up. The reference
block starts first, generating a stable reference
voltage and current, and then the internal
regulator is enabled. The regulator provides a
stable supply for the remaining circuits.

Three events can shut down the chip: EN going
low, Vin going low, and thermal shutdown. The
shutdown procedure starts by initially blocking
the signaling path to avoid any fault triggering.
The internal supply rail is then pulled down.

MP1654F Rev. 1.0
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MP1654F - 16V, 4A, 1.1MHZ, SYNC STEP-DOWN CONVERTER

APPLICATION INFORMATION
Setting the Output Voltage (Vour)

The external resistor divider is used to set the
output voltage. First, choose a value for R2. R2
should be chosen reasonably, since a small R2
leads to considerable quiescent current loss,
while a large R2 makes FB noise-sensitive. R2
is recommended be within 5kQ to 100kQ.
Typically, set the current through R2 to be
below 150pA for a good balance between
system stability and no-load loss. Then
calculate R1 with Equation (1):

R1= VOUT B VREF

xR2 (1)
Vier

Figure 5 shows the feedback circuit.

VOUT

MP1654F
R1

FB

R2

Figure 5: Feedback Network

Table 1 lists the recommended parameters for
common output voltages.

Table 1: Parameter Selection for Common
Output Voltages, Cour = 22uF x 2 ®

Vout (V) | R1(kQ) | R2 (kQ) | L (uH)
5 40.2 5.49 2.2
3.3 40.2 8.87 15
2.5 40.2 12.7 15
1.8 40.2 20 1.2
15 40.2 26.7 1
1.2 40.2 40.2 0.68
1 20.5 30.9 0.68
0.8 20.5 60.4 0.68

Note:
8) For the detail design circuit, see the Typical Application
Circuits section starting on page 17.

Selecting the Inductor

Optimized Performance with MPS Inductor
MPL-AL Series

An inductor is necessary for supplying constant

current to the output load while being driven by

the switched input voltage. A larger-value

inductor results in less ripple current and a

lower output ripple voltage but also has a larger
physical footprint, higher series resistance, and
lower saturation current. A good rule to
determine the inductance is to design the peak-
to-peak ripple current in the inductor to be
between 30% and 60% of the maximum output
current. The inductance (L) can be estimated
with Equation (2):

_ Vour x (1— VOUT) )
fow > Al Vin

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

The inductor should not saturate under the
maximum inductor peak current. The peak
inductor current (lI.p) can be calculated with
Equation (3):

V V
| o =1._+ OUT o (1— —QUT (3
tp = lour T 57 £, L ( v, )

MPS inductors are optimized and tested for use
with our complete line of integrated circuits.

Table 2 lists our power inductor
recommendations. Select a part number based
on your design requirements.

Table 2: Power Inductor Selection

Part Number Inductance | Manufacturer
0.68uH to

MPL-AL 2.2puH MPS
MPL-AL-4020-R68 0.68pH MPS
MPL-AL-6050-1R0 1pH MPS
MPL-AL-6050-1R2 1.2uH MPS
MPL-AL6050-1R5 1.5uH MPS
MPL-AL6050-2R2 2.2uH MPS

Visit MonolithicPower.com under Products >
Inductors for more information.

Selecting the Input Capacitor

The step-down converter has a discontinuous
input current and requires a capacitor to supply
AC current to the converter while maintaining
the DC input voltage. For the best results, use
ceramic capacitors placed as close to VIN as
possible.

MP1654F Rev. 1.0
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Ceramic capacitors with X5R and X7R
dielectrics are recommended because they are
fairly stable across temperature fluctuations.

The capacitors must also have a ripple current
rating greater than the current’'s maximum input
ripple current. The input ripple current can be
estimated with Equation (4):

V, V,
| = % ouT 1— ouT (4)
CIN ouT \/ \V/ ( vV )

IN IN

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

I
I — ouT (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 determines the
converter’s input voltage ripple. If there is an
input voltage ripple requirement in the system,
choose an input capacitor that meets the
specification.

The input voltage ripple can be estimated with
Equation (6):

AV. = IOUT % VOUT x (1_ VOUT) (6)
" fSW X CIN \/IN \/IN

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

AV 1 IO¢ (7)

=x
N g fow XCn

Selecting the Output Capacitor

An output capacitor is required to maintain the
DC output voltage. Ceramic or POSCAP
capacitors are recommended. The output
voltage ripple can be estimated with Equation

(8):

With ceramic capacitors, the capacitance
dominates the impedance at the switching
frequency. The capacitance causes the majority
of the output voltage ripple . For simplification,
the output voltage ripple can be calculated with
Equation (9):

V, Y
AV = out 1_ Your (9)
o 8 x fSW2 x L X COUT g ( \/IN )
The output voltage ripple caused by the
equivalent series resistance (ESR) is very small.

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

V, V,
AV, = —Y x(1- Y1) xR 10
out £, xL ( v, )XResz  (10)

A larger-value output capacitor can improve
load transient response, but consider the
maximum output capacitor limitation in the
design application. If the output capacitance is
too high, the output voltage cannot reach the
design value during the soft-start time (tss) and
fails to regulate. The maximum output
capacitance (Cour max) can be estimated with
Equation (11):

COUT_MAX = (ILIM_AVG - IOUT) X tss /VOUT (11)

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

Design Example

Table 3 shows a design example when ceramic
capacitors are applied.

Table 3: Design Example

Vin 12v
Vour 3.3V
lout 4A

Figure 8 on page 17 shows the detailed

v vV 1 application schematic. The typical performance
AVour =+ OL:LX(l— \C/)UT)X(RESR L) (8) and waveforms are shown in the Typical
sw IN sw = =out Performance Characteristics section starting on
page 8. For more device applications, refer to
the related evaluation board datasheet.
MP1654F Rev. 1.0 MonolithicPower.com 15
9/4/2025 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2025 MPS. All Rights Reserved.



meSs

MP1654F - 16V, 4A, 1.1MHZ, SYNC STEP-DOWN CONVERTER

PCB Layout Guidelines

Efficient layout of the switching power supplies
is critical for stable operation. A poor layout
design can result in poor line or load regulation
and stability issues. For the best results, refer to
Figure 6 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.

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

Place the external feedback resistors next
to FB.

Keep the switching node (SW) short and
route it away from the feedback network.

Place the BST capacitor as close to BST
and SW as possible.

Top Layer

|

Bottom Layer
Figure 6: Recommended PCB Layout

MP1654F Rev. 1.0
9/4/2025
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TYPICAL APPLICATION CIRCUITS

Vin = R4
12v — 4 oa
O VIN BST
Ll lcnlcs
= = = 0.1uF L1 Vour =
GND GND GND A fTZYZPYHW 5V/4A
. MP1654F sw ‘ _LCZ_L o O
100kQ § I} IZZ“FIZZ“F
C4 e e
470pF GND GND
2 EN o F8 P AVAVAY,
3 R1
_ 40.2kQ
R2
5.49kQ
GND L
GND
Figure 7: Typical Application Circuit (Vin = 12V, Voutr = 5V/4A)
Vin = R4
12(\3/ X u1 . 0Q
VIN BST
lecil cialcis
= = = 0.1uF L1 Vour =
GND GND GND A rﬁ% 3.3V/4A
N MP1654F sv - T lonm ©
100kQ § I} _—EZ“FIZZ”F
C4 e —_—
470pF GND GND
3 En ) FB R AVAVAY,
5 R1
_ 40.2kQ
R2
8.87kQ
GND L
GND
Figure 8: Typical Application Circuit (Vin = 12V, Vout = 3.3V/4A)
Vin= R4
12v . Ul 4 00
VIN BST
Lol cialcs
= = = 0.1pF L1 v~
= = v ouT —
GND GND GND I (YlYS% 2 BV/AA
N MP1654F v - T lon ©
o S i T 2
C4 e e
470pF GND GND
5 En FB R ANV
R1
40.2kQ

[a}

4

o
GND

R2
12.7kQ

GND

Figure 9: Typical Application Circuit (Vin = 12V, Vout = 2.5V/4A)
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TYPICAL APPLICATION CIRCUITS (continued)

Vin = R4
12é N L 4 00
VIN BST
Ll cnlens
= = = 0.1pF L1 Vs =
GND GND GND I (Yle% 18V/AA
N MP1654F s - Tolon ©
el [ T e
C4 pe— pe—
470pF GND GND
5 en o B P NN
5 R1
_ 40.2kQ
R2
20kQ
GND L
GND
Figure 10: Typical Application Circuit (Vin = 12V, Vour = 1.8V/4A)
Vi = R4
12v ut 00
= VN BsT P
Ll lcnlcns
= = = 0.1pF L1 Ve =
GND GND GND I pH 15V/AA
N MP1654F v - T lon ©
el [ T
C4 pe— pe—
470pF GND GND
EN a e P AVAAY,
3 R1
_ 40.2kQ
R2
26.7kQ
GND L
GND
Figure 11: Typical Application Circuit (Vin = 12V, Vour = 1.5V/4A)
Vi = R4
iy ) U1 . 00
VIN BST
Lol cinlcs
- = = 0.1pF L1 Voo =
GND GND GND I 0.88uH 12VIaA
N MP1654F sv - T tlen ©
e s [ T
C4 pe— pe—
470pF GND GND
5 En FB 6
R1
40.2kQ

o

=z

(G}
1
GND

R2
40.2kQ

GND

Figure 12: Typical Application Circuit (Vin = 12V, Vout = 1.2V/4A)
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TYPICAL APPLICATION CIRCUITS (continued)

Vin = U1l R4
12V 00
O 4 vin BsT 4
1ol calces
NS | 22uF | 0.1pF c3
— — — 0.1pF L1 v _
N N N 0.68uH out =
GND GND  GND , M 1V/A
MP1654F sw - T2 lom ©
R5
100kQ § H 22uF 22uF
C4 e —_—
470pF GND GND
3 En o FB R ANV
o R1
20.5kQ
® R2
30.9kQ
GND L
GND
Figure 13: Typical Application Circuit (Vin = 12V, Vour = 1V/4A)
% o o
O 4 vin BsT P
Lol cialcis
NS | 22uF | 0.1pF cs
— — — 0.1pF L1 v _
N § N 0.68pH out =
GND GND  GND , fYT% 0.8V/AA
N MP1654F sv - T loam ©
100kQ § H :22uF:|: 224F
C4 e ey
470pF GND GND
3 EN 2 e P NV
o R1
20.5kQ
” R2
60.4kQ
GND L
GND

Figure 14: Typical Application Circuit (Vin = 12V, Vout = 0.8V/4A)
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PACKAGE INFORMATION

SOT563 (1.6mmx1.6mm)

1.50
s 170,
[1 00 [
|
S MR
\@ ‘
i
T
TOP VIEW BOTTOM VIEW
Q 0500 {‘ Q_‘
0.600 0.09 |
- 0.16 0.00
0.05
FRONT VIEW SIDE VIEW

0.25—“—~‘ !—OSO—‘

ST -

1) ALL DIMENSIONS ARE IN MILLIMETERS.
2) PACKAGE LENGTH DOES NOT INCLUDE MOLD FLASH,
e 1.40 PROTRUSION, OR GATE BURR.

! 3) PACKAGE WIDTH DOES NOT INCLUDE INTERLEAD FLASH OR

PROTRUSION.
- - - . 4) LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING)

SHALL BE 0.10 MILLIMETERS MAX.
5) DRAWING CONFORMS TO JEDEC MO-293, VARIATION UAAD.
6) DRAWING IS NOT TO SCALE.

RECOMMENDED LAND PATTERN
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CARRIER INFORMATION

/OQOOQOQQ

Reel
Diameter

Pinl —

Feed Direction

Package Quantity/ | Quantity/ | Quantity/ Reel Carrier Carrier
Part Number Description Reel Tube Tra Diameter Tape Tape
P Y Width Pitch
MP1654FGTF-Z SOT563 5000 N/A N/A 7in 8mm 4mm
(1.6mmx1.6mm)
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