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DESCRIPTION

The MPM3860 is a fully integrated, high-
frequency, synchronous, rectified, step-down,
power module with internal inductor. It offers a
very compact solution to achieve 6A of
continuous output current over a wide input
range, with excellent load and line regulation.
The MPM3860 has synchronous mode
operation for higher efficiency over the output
current load range.

Constant-on-time (COT) control operation
provides very fast transient response and easy
loop design, as well as very tight output
regulation.

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

The MPM3860 requires a minimal number of
readily available, standard external components,
and is available in a space-saving QFN-24
(4mmx6mm) package.

MPM3860

1.2MHz, Synchronous

2.75V to 7V, 6A Ultra-Thin Power Module

FEATURES

Wide 2.75V to 7V Operating Input Range
6A Output Current

Internal Power MOSFETSs

Output Adjustable from 0.6V
High-Efficiency Synchronous Mode
Operation

Pre-Biased Start-Up

Forced CCM Mode for Low Vour Ripple
Fixed 1200kHz Switching Frequency
External Programmable Soft-Start Time

EN and Power Good for Power Sequencing
Over-Current Protection and Hiccup Mode
Thermal Shutdown

Available in a QFN-24 (4mmx6mmx1.6mm)
Package

APPLICATIONS

FPGA Power Systems
Optical Modules
Telecom

Networking

Industrial Equipment

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 MPM3860 — 6A STEP-DOWN POWER MODULE

ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating |
MPM3860GQW QFN-24 (4mmx6mmx1.6mm) See Below 3

* For Tape & Reel, add suffix —Z (e.g. MPM3860GQW-Z).

TOP MARKING

MPSYWW
MP3860
LLLLLL
M
MPS: MPS prefix
Y: Year code
W: Week code

MP3860: Part number
LLLLLL: Lot number

M: Module
PACKAGE REFERENCE
TOP VIEW
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meS

PIN FUNCTIONS

MPM3860 — 6A STEP-DOWN POWER MODULE

Pin # Name |Description
12345 System ground. This pin is the reference ground of the regulated output voltage.
75 77| PGND |Because of this, extra care must be taken when laying out the PCB. It is recommended
24 C . .
to connect this pin to GND with copper and vias.
6 VCC |Internal bias supply output.
7,8,13, 14, . I .
3 SW Switch output. This pin can be left floating.
9,10,11,12| OUT |Output pin. Connect this pin to COUT.
Bootstrap. Internal capacitor connected between SW and BST pins to form a floating
15 BST . . ! .
supply across the high-side switch driver.
16 EN Enable. Pull EN high to enable the part. When floating, EN is pulled down to GND by
internal 3.3MQ resistor and is disabled.
17 FB Feedback. Sets the output voltage when connected to the tap of an external resistor
divider that is connected between output and GND.
18 AGND Signal ground. AGND is not internally connected to PGND, so ensure that AGND is
connected to PGND in the PCB layout.
19 ss Soft start. Connect a capacitor across SS and GND to set the soft-start time and avoid
start-up inrush current. This pin includes an internal 22nF SS capacitor.
0. 21 PG Power good output. The output of this pin is an open-drain output. Its state changes
’ if UVP, OCP, OTP, or OV occurs.
50 VIN Supply voltage. The part operates from a 2.75V to 7V input rail. C1 is necessary to
decouple the input rail. Use a wide PCB trace to make the connection.

ABSOLUTE MAXIMUM RATINGS o Thermal Resistance ¥ 6ua Ouc
VIN coorrreereeseeee s -0.3V to +8V EVM3860-QW-00A............... 25.99..7.18. °C/W
VSV ettt ettt a e e an
0.3V (-5V < 10ns) to + Vin + 0.7V (10V < 10ns) Notes:
1) Exceeding these ratings may damage the device.

VBST ...................................................... sz + 4V 2) The maximum allowable power dissipation is a function of the
VEN ................................................................. V|N maximum junction temperature T, (MAX), the junction-to-
All other pins ................................... -0.3V to +4V _?Fmb_li_?]m thermal feSi“StanC;T Bua, ?_nd the ambien(tj.tempﬁrature

: it _ 2 . The maximum allowable continuous power dissipation on
Continuous power dISSIpatIOI’l (TA - 2500 A...... thAe EVM3860-QW-00A board at any ambient temperature is
......................................................... 4.8W calculated with Pp (MAX) = (T; (MAX) - Ta) / 8,a. Exceeding the
Junction temperature 150°C maximum allowable power dissipation can cause excessive die
Lead temperature ... " 260°C temperature, and the regulator may go into thermal shutdown.
Sead temperature ...................... 65C ------- 1gg : Internal thermal shutdown circuitry protects the device from

torage temperature................ -65°C to + ° permanent damage.
ESDgR P 3) The device is not guaranteed to function outside of its operating
ating conditions.
4) Measured on 4-layer PCB.

Human body model (HBM) ..........cccccoo........ 2kV
Charged device model (CDM) ..................... 2kV
Recommended Operating Conditions ©
Supply voltage (VIN) «eeeeevveeeeiiieeennnns 2.75Vto 7V
Output voltage (VOUT) ............ 0.6V to Vin X Dmax
Operating junction temp........... -40°C to +125°C

MPM3860 Rev. 1.0
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mP5 MPM3860 — 6A STEP-DOWN POWER MODULE

ELECTRICAL CHARACTERISTICS ©
Vin =5V, Ty = -40°C to +125°C, typical value is tested at T, = 25°C, unless otherwise noted.

Parameter Symbol | Condition Min Typ Max Units
Input voltage range Vin 2.75 7 Vv
Supply Current

Supply current (shutdown) Iin Ven = 0V 2 5 HA
Supply current (quiescent) la Ven = 2V, Ves = 0.65V 105 150 HA
MOSFET

Switch leakage | SWike |Ven=0V, Vsw=7V | | 5 | pA
Current Limit

Valley current limit lLmiT vy 6 7 A
Short hiccup duty cycle © DHiccup 10 %
Switching Frequency and Minimum On/Off Timer

Switching frequency fsw 0.9 1.2 1.6 MHz
Minimum on time © ton_mIN 50 ns
Minimum off time © torFF MIN 100 ns
Reference and Soft Start

Ty =25°C 594 600 606

Feedback voltage VEe I 40°C 10 +125°C 591 | 600 | 609 | MV
Feedback current Irs Ves = 700mV 10 50 nA
Soft-start current Iss_sTART 4 6 8 HA
Enable and UVLO

EN rising threshold VEN RISING 1.19 1.23 1.27 \Y
EN falling threshold VEN_FALLING 0.96 1 1.04 Vv
EN pin pull-down resistor Ren_pp 3.3 MQ
VvCC

Xg%‘;ﬂf:srh‘g?c'}age lockout 1 ooy 24 | 25 | 26 v
x]?; r21(;1|<(jjer voltage lockout VCChrvs 200 mv
VCC regulator Vee Vin =5V 3.5 \
VCC load regulation Regvec  |lcc = 5mA 3 %
Power Good

;?(‘;Vser:oﬁ’go‘j UV rising PGUVyTH i 085 | 09 | 095 | Ve
Fowar geod U talling PGUVvH 1o 0.75 | 0.80 | 0.85 | Vrs
;?(‘;":r:oﬁ’go‘j OV rising PGOVuTH i 145 | 12 | 125 | Ves
;?(‘;V:r:oﬁ’go‘j OV falling PGOVvTH Lo 105 | 11 | 115 | Ves
Power good delay PG Both edges 50 us
MPM3860 Rev. 1.0 www.MonolithicPower.com 4
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mps MPM3860 — 6A STEP-DOWN POWER MODULE

ELECTRICAL CHARACTERISTICS (continued) ©®
Vin =5V, Ty = -40°C to +125°C, typical value is tested at T, = 25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max | Units
Power. good sink current Ve Sink 4mA 04 Vv
capability

Power good leakage current lrc_Leak | Vpa = 5V 10 MA
Thermal Protection

Thermal shutdown © Tsp 150 °C
Thermal hysteresis © Tsp-Hvs 20 °C
Notes:

5) Not tested in production. Guaranteed by over-temperature correlation.
6) Guaranteed by design and characterization test.

MPM3860 Rev. 1.0 www.MonolithicPower.com 5
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MPM3860 — 6A STEP-DOWN POWER MODULE

TYPICAL PERFORMANCE CHARACTERISTICS
Vin = 5V, Vour = 1V, Cour = 4 X 224F, fsw = 1200kHz, Ta = 25°C, unless otherwise noted.
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MPM3860 — 6A STEP-DOWN POWER MODULE

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 5V, Vour = 1V, Cour = 4 X 224F, fsw = 1200kHz, Ta = 25°C, unless otherwise noted.

Line Regulation vs. Input Voltage

Line Regulation vs. Input Voltage
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mps MPM3860 — 6A STEP-DOWN POWER MODULE

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 5V, Vour = 1V, Cour = 4 X 224F, fsw = 1200kHz, Ta = 25°C, unless otherwise noted.
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MPM3860 — 6A STEP-DOWN POWER MODULE

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 5V, Vour = 1V, Cour = 4 X 224F, fsw = 1200kHz, Ta = 25°C, unless otherwise noted.
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MPM3860 — 6A STEP-DOWN POWER MODULE

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 5V, Vour = 1V, Cour = 4 X 224F, fsw = 1200kHz, Ta = 25°C, unless otherwise noted.
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MPM3860 — 6A STEP-DOWN POWER MODULE

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 5V, Vour = 1V, Cour = 4 X 224F, fsw = 1200kHz, Ta = 25°C, unless otherwise noted.
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FUNCTIONAL BLOCK DIAGRAM

MPM3860 — 6A STEP-DOWN POWER MODULE

LJ] VIN
Bias & Bootstrap r
] BST
EN [] Voltage Regulator -
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Figure 1: Functional Block Diagram
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MPM3860 — 6A STEP-DOWN POWER MODULE

OPERATION

The MPM3860 is a fully integrated, synchronous,
rectified, step-down, switch-mode converter.
Constant-on-time (COT) control is employed to
provide fast transient response and easy loop
stabilization.

Figure 2 shows the simplified ramp
compensation block in the MPM3860. At the
beginning of each cycle, the high-side MOSFET
(HS-FET) is turned on when the feedback
voltage (Vre) is below the reference voltage
(Vrer), which indicates that there is an
insufficient output voltage. The in period is
determined by both the output voltage (Vout) and
input voltage (Vin), to make the switching
frequency fairy constant over the entire input
voltage range.

Ramp
Generator

Figure 2: Simplified Ramp Compensation Block

After the on period elapses, the HS-FET turns off,
or in other words, enters its off state. It turns on
again when Vgg drops below Vrer. By repeating
operation this way, the converter regulates the
output voltage. The integrated low-side
MOSFET (LS-FET) turns on when the HS-FET
is in its off state to minimize the conduction loss.
If both the HS-FET and LS-FET are turned on at
the same time, a dead short occurs between
input and GND. This is called shoot-through. To
avoid shoot-through, a dead time (DT) is
internally generated between HS-FET off period
and the LS-FET on period, and vice versa.

Internal compensation is applied during COT
control to ensure more stable operation even
when ceramic capacitors are used as output
capacitors. This internal compensation also
improves jitter performance without affecting the
line or load regulation.

Continuous Conduction Mode (CCM)

The MPM3860 works at continuous conduction
mode (CCM), the inductor current is always
above OA. Figure 3 shows the details of CCM
operation. When Veg is below Veao, HS-FET
turns on for a fixed interval, which is determined
by the one-shot on-timer. When the HS-FET is
off, the LS-FET stays on until the next clock
period. In CCM, the switching frequency is fairly

constant.
toy is constant
Vi ><ﬁ ﬂ
V,

sw

When Verawe drops
below Veno, the HS-FET |
turns on

ouT

VEAO

B [ HS-FET

Driver
LS-FET

J u Driver

Figure 3: Continuous Conduction Mode

VCC Regulator

The 3.5V internal regulator powers most of the
internal circuitry. This regulator takes the Vi
input and operates in the full Viy range. When Viy
exceeds 3.5V, the output of the regulator is in full
regulation; when V\y falls below 3.5V, the output
of the regulator decreases following Vin. This pin
has an internal 1uF VCC capacitor.

Enable

EN is a digital control pin that turns the regulator
on and off. Drive EN above 1.23V to turn the
regulator on; drive it below 1V to turn the
regulator off.

When floating, EN is pulled down to GND by an
internal 3.3MQ resistor.

EN can be connected directly to VIN. It supports
a 7V input voltage range.

Under-Voltage Lockout (UVLO)

Under-voltage lockout (UVLO) protects the chip
from operating at an insufficient supply voltage.
The MPM3860 UVLO comparator monitors the
output voltage of the internal regulator (VCC).
The VCC UVLO rising threshold is about 2.5V,
and its falling threshold is 2.3V.

MPM3860 Rev. 1.0
9/14/2020
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MPM3860 — 6A STEP-DOWN POWER MODULE

When the input voltage exceeds the UVLO rising
threshold voltage, the MPM3860 starts up. It
shuts down when the input voltage goes below
the UVLO falling threshold voltage. This is a non-
latch protection.

Soft Start

The MPM3860 employs a soft start (SS)
mechanism to ensure smooth output ramping
during start-up. When the EN pin goes high, an
internal 6uA current source charges up the SS
capacitor from 0V. The SS capacitor voltage
feeds to the error amplifier to control the output
voltage. The output voltage smoothly ramps up
with the SS voltage (Vss). Once Vss exceeds
Vger, Vss continues to ramp up until Vger takes
over. At this point, soft start finishes and the
device enters steady state operation.

The SS capacitor value can be calculated with
Equation (1):
Cos(nF) = 0.83x 1ss(MS s WA) 4
VREF(V)

The MPM3860 has an internal 22nF SS
capacitor.

If the output capacitance is large, it is not
recommended to set the SS time to be too short,
since a short SS time means that the device
could easily reach the current limit during SS.

Power Good Indicator

The PG pin is the open drain of a MOSFET that
connects to VCC or another voltage source
through a resistor (eg. 100kQ). The MOSFET
turns on with the application of an input voltage
so that the PG pin is pulled to GND before SS is
ready. After Vs reaches 90% of Vger, the PG pin
is pulled high after a 50us delay. When Vg drops
to 80% of Vger, the PG pin is pulled low.

If UVLO or over-temperature protection (OTP)
occurs, the PG pin is pulled low immediately. If
over-current protection (OCP) occurs, the PG pin
is pulled low when Vg drops below 80% of Vger
after a 0.05ms delay. If over-voltage protection
(OVP) occurs, PG pin is pulled low when Vg
exceeds 120% of Vrer after a 0.05ms delay. If
Vs falls back below 110% of Vger, the PG pin is
pulled high after a 0.05ms delay.

If the input supply fails to power the MPM3860,
PG is clamped low, even though it is tied to an

external DC source through a pull-up resistor.
Figure 4 shows the relationship between the PG
voltage and the pull-up current.

12
S — |
Y
2
K 08
o
>
o 06 /
w
=
= 04 /
-l
(&)
s 02 /
o

0

0 1 2 3 4 5

PULL-UP CURRENT (mA)

Figure 4: PG Clamped Voltage vs. Pull-Up
Current

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

MPM3860 has valley limit control. The LS-FET
monitors the current flow. The HS-FET waits
until the valley current limit disappears to turn on
again. Meanwhile, the output voltage drops until
Vrg is below the under-voltage (UV) threshold
(typically 50% below the reference). Once UV is
triggered, the MPM3860 enters hiccup mode to
periodically restart the part.

During over-current protection (OCP), the device
tries to recover from the over-current fault with
hiccup mode. That means the chip disables the
output power stage, discharges the soft-start
capacitor, then automatically tries to soft start
again. If the over-current condition still remains
after soft start ends, the device repeats this
operation cycle until the over-current condition
disappears. Then the output rises back to the
regulation level. OCP is a non-latch protection.

Pre-Biased Start-Up

The MPM3860 has been designed for monotonic
start-up into pre-biased loads. If the output is
pre-biased to a certain voltage during start-up
and the BST voltage is refreshed and charged,
the voltage on the soft-start capacitor is also
charged. If the BST voltage exceeds its rising
threshold voltage and the soft-start capacitor’s
voltage exceeds the sensed output voltage at the
FB pin, the part begins normal operation.

MPM3860 Rev. 1.0
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Thermal Shutdown

Thermal shutdown prevents the chip from
operating at exceedingly high temperatures. If
the silicon die temperature exceeds 150°C, the
whole chip shuts down. Once the temperature
falls below its lower threshold (typically 130°C),
the chip is enabled again.

Start-Up and Shutdown Circuit

If both Vi and EN exceed their respective
thresholds, the chip starts. 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 low,
Vin low, and thermal shutdown. The shutdown
procedure starts by blocking the signaling path
to avoid any fault triggering. The internal supply
rail is then pulled down.
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APPLICATION INFORMATION
COMPONENT SELECTION
Setting the Output Voltage

The external resistor divider is used to set the
output voltage. First, choose a value for R2. R2
should be chosen carefully, as too small a value
leads to considerable quiescent current loss
while too great a value makes FB noise
sensitive. It is recommended to choose a value
between 2kQ and 100kQ for R2 (see Table 1).

Table 1: Resistor Selection for Common Output

Voltages
Vour (V) | R1(kQ) | R2(kQ) | Cr(pF) | Rr(kQ)
1.0 20 30 39 0
1.2 20 20 39 0
1.5 20 13 39 0
1.8 20 10 39 0
2.5 20 6.34 39 0
3.3 20 4.42 39 0

Typically, setting the current through R2 to less
than 250uA provides a good balance between
system stability and minimal load loss. Then R1
can be calculated with Equation (2):

VOUT — VREF

REF

R1= xR2 2)

Figure 5 shows the feedback circuit.

VOouT

R1
MPM3860| Cr
.

FB
R2

Figure 5: Feedback Network

Selecting the Input Capacitor

The step-down converter has a discontinuous
input current, and requires a capacitor to supply
the AC current while maintaining the DC input
voltage. Ceramic capacitors are recommended
for best performance, and should be placed as
close to the VIN pin as possible. Capacitors with
X5R and X7R ceramic dielectrics are

The capacitors must also have a ripple current
rating greater than the maximum input ripple
current of the converter. The input ripple current
can be estimated with Equation (3):

IN \/IN

low = lour % \/—V\(;UT x(1- —VOUT ) (3)

The worst-case condition occurs at Vin = 2Vour,
calculated with Equation (4):

I
. =20UT 4
on =T 4)
For simplification, choose an input capacitor with
an RMS current rating greater than half of the
maximum load current.

The input capacitance value 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 (5):

AV — lour y Vour x(1— VOUT) (5)
" fsw G Vi Vin

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

AV, = 1 x —IOUT (6)
4 fg, xCy

Selecting the Output Capacitor

The 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 (7):
V, V, 1

W x(1- D)X Resn + g —— =) (1)
SW

IN 8xfsw x Coyr

AV, =
o 7

For ceramic capacitors, the capacitance
dominates the impedance at the switching
frequency and causes most of the output voltage
ripple. For simplification, the output voltage
ripple can be estimated with Equation (8):

recommended because they are fairly stable AVgyr = 2Vom x(1— VOUT) (8)
amid temperature fluctuations. 8xfgyy” xLxCoyr Vin
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For POSCAP capacitors, the ESR dominates the
impedance at the switching frequency. For
simplification, the output ripple can be estimated
with Equation (9):

V V
AV = _Your_q_Voury R 9
ouT fszLX( Vi, )% Regr 9)

In addition to benefits for the output ripple, a
larger output capacitor can also get better load
transient response. However, maximum output
capacitor limitations should be also considered
in design application. If the output capacitor
value is too high, the output voltage will not be
able to reach the design value during the soft-

start time, and then the device will fail to regulate.

The maximum output capacitor value Co maxcan
be limited using Equation (10):

CO_MAX = (ILIM_AVG —loyr) xtss / Vour  (10)

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

PCB Layout Guidelines )
Efficient PCB layout is critical for stable

operation. For the best results, refer to Figure 6
and follow the guidelines below:

1. Keep the power loop as small as possible.

2. Connect a large ground plane directly to
PGND. If the bottom layer is a ground plane,
add vias near PGND.

3. Ensure the high-current paths at PGND and
VIN have short, direct, and wide traces.

4. Place the ceramic input capacitor, especially
the small package size (0402) input bypass
capacitor as close to the VIN and PGND pins

as possible to minimize high-frequency noise.

5. Keep the paths between the input capacitor
and IN as short and wide as possible.

6. Place a VCC decoupling capacitor close to
the MPM3860, and connect AGND and
PGND at the point of VCC capacitor’s ground
connection.

7. Connect VIN, VOUT, and PGND to a large
copper area to improve thermal performance
and long-term reliability.

8. Separate the input PGND area from the other
PGND area at the top layer, and connect

them together at the internal layers and
bottom layer through multiple vias.

9. Ensure that there is a complete GND plane
at either the internal layer or the bottom layer.

10. Ensure that any signal trace is placed far
away from SW.

11. A 4-layer layout is recommended to achieve
better thermal performance. Use multiple
vias to connect the power planes to internal

layers.
oo Layer VIN _||||||I I:VOUT
oo Hu— Bl
[ |
@ He T EE
GND: ¢ ¢ :GND

Figure 6: Recommended PCB Layout

Note:

7) The recommended layout is based on Figure 7 (see the
Typical Application Circuits section on page 18).
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TYPICAL APPLICATION CIRCUITS

VIN
2.75Vto 7V
== C1 == G2
22uF x2 | 0.1pF vour
0.85V
= R4 100kQ 20-21
GND AN—E2 b §Rs Lo
20kQ 39pF
==‘C§(Ophona\) - e
¥ 12 ss FB AN~
A4 9 OR
AGND Q RS
m 49.9kQ
R7
00 4
AGND AGND
AGND GND

N
275V 107V
== C1 == C2
22uF x2 | 0.1pF VOuT
v
- R4 100kQ
GND AN—E PG re Lo
20kQ 39pF
E 1CE (Optional) 1 R6
g L ss FB —AW\
N4 ) o
AGND Q RS
m' 49.9kQ
R7
0Q :;
AGND AGND
AGND GND
Figure 8: Typical Application Circuit with 1V Output
VIN
275V 0 7V
== C1 === C2
22uF x2 | 0.1pF vour
1.8V
= R4 100kQ
GND AN—EE o e Lo
20kQ 39pF
- ‘Cg (Optional) 1 R6
¥ 191ss FB AN
<~ 2 o
AGND @ § A
49.9kQ
*
R7
0Q ;;
AGND AGND
AGND GND

Figure 9: Typical Application Circuit with 1.8V Output
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PACKAGE INFORMATION
QFN-24 (4mmx6mmx1.6mm)
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RECOMMENDED LAND PATTERN
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CARRIER INFORMATION

/OOOOOOOO

ceel Pinl —» 1 p 1B e e
ee
Diameter ABCD ABCD ABCD ABCD

>

Feed Direction

Package Reel Carrier | Carrier
Part Number o Quantity/Reel | Quantity/Tube | .. Tape Tape
Description Diameter Width Pitch
QFN-24 .
MPM3860GQW-Z (4mmxBmmx1.6mm) 2500 N/A 13in 12mm 8mm
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