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DESCRIPTION

The MPM3683-7 is an easy-to-use, fully
integrated, step-down, DC/DC power module
with 8A of continuous current and 10A of peak
current. The MPM3683-7 integrates a DC/DC
converter, power inductor, and some basic
passive components. The MPM3683-7 can
deliver output current over a wide input voltage
supply range with excellent load and line
regulation.

The MPM3683-7 uses constant-on-time (COT)
control to provide fast transient response and
ease loop stabilization.

The operating frequency can be set to 600kHz,
800kHz, or 1000kHz easily with the MODE
configuration, allowing the MPM3683-7
frequency to remain constant regardless of the
input and output voltages.

The MPM3683-7 has an internal soft-start (SS)
timer of about 1.6ms. This can be increased
with an extra SS capacitor placed between
TRK/REF and Vo Sense-. An open-drain power
good signal indicates that the output voltage is
within the nominal voltage range.

The MPM3683-7 has fully integrated, non-
latched protection features including over-
current  protection  (OCP), over-voltage
protection (OVP), under-voltage protection
(UVP), and over-temperature protection (OTP).

The MPM3683-7 is available in a space-saving
QFN-28 (7mmx7mmx4mm) package.

MPM3683-7

2.7V-16V, 8A, Step-Down Power Module

in QFN (7x7x4mm) Package

FEATURES

¢ Wide Input Voltage Range from 2.7V

o 2.7V to 16V with External 3.3V Bias

o 4V to 16V with Internal Bias or External
3.3V Bias

Differential Output Voltage Remote Sense

Low Ros(on) Integrated Power MOSFETs

Integrated Inductor

Proprietary Switching Loss Reduction

Technique

e Adaptive Constant-on-Time (COT) for
Ultrafast Transient Response

o Stable with Zero-ESR Output Capacitor

¢ 0.5% Reference Voltage over 0°C to +70°C
Junction Temperature Range

¢ 1% Reference Voltage from -40°C to
+125°C Junction Temperature Range

e Selectable Pulse Skip or Forced Continuous

Conduction Mode (CCM) Operation

Excellent Load Regulation

Output Voltage Tracking

Output Voltage Discharge

PGOOD Active Clamped Low Level during

Power Failure

Programmable Soft-Start Time from 1.6ms

e Pre-Bias Start-Up

e Selectable Switching Frequency from
600kHz, 800kHz, and 1000kHz

¢ Non-Latch OCP, UVP, UVLO, Thermal
Shutdown, and OVP

e Output Adjustable from 0.6V to up to 5.5V
Max

¢ Available in a QFN-28 (7mmx7mmx4mm)
Package

APPLICATIONS

Telecom and Networking Systems
Base Stations

Industrial Systems

Servers & Storage

FPGA & ASIC Cards

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.

MPM3683-7 Rev. 1.0
12/14/2018

www.MonolithicPower.com 1
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2018 MPS. All Rights Reserved.



mps MPM3683-7 — 16V, 10A, STEP-DOWN POWER MODULE

TYPICAL APPLICATION
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MPM3683-7 — 16V, 10A, STEP-DOWN POWER MODULE

ORDERING INFORMATION

Part Number Package Top Marking

MPM3683GQN-7 QFN-28 (7mmx7mmx4mm) See Below

TOP MARKING

MPS YYWW
MP3683-7
LLLLLLLLL
M

MPS: MPS prefix

YY: Year code

WW: Week code

MP3683-7: Product code of MPM3683GQN-7
LLLLLLLLL: Lot number

M: Module
TOP VIEW
Vo Sense+ Vo Sense- [V MODE AGND
O U U m U U 21
VOUT 1 20 Sw
VOUT 2 19 Sw
EN 3 ) UUUUU@ (18 AGND
G G
PG 4 17 BST
‘ 27 ‘ ‘ 28 ‘
VIN |5 VIN sw 16 sw
VOUT 6 15 SwW
VOUT 7 14 Sw
PGND PGND PGND VCC
QFN-28 (7mmx7mmx4mm)
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MPM3683-7 — 16V, 10A, STEP-DOWN POWER MODULE

PIN FUNCTIONS

Pin #

Name

Description

1,2,6,7

VOUT

Module voltage output node.

3

EN

Enable. EN is a digital input that turns the regulator on or off. Drive EN high to turn on
the regulator. Drive EN low to turn off the regulator. Connect EN to VIN through a
pull-up resistor or a resistive voltage divider for automatic start-up. Do not float EN.

PGOOD

Power good output. PGOOD is an open-drain signal. A pull-up resistor (connected
to a DC voltage) indicates high if the output voltage is within regulation. There is a
delay of about 1ms from when Vo Sense+ becomes greater than or equal to 92.5%
and when PGOOD pulls high.

58,9, 27

VIN

Input voltage. VIN supplies power for the internal MOSFET and regulator. Input
capacitors are needed at VIN to decouple the input rail. Use wide PCB traces to
make the connection.

10, 11, 12

PGND

System ground. PGND is the reference ground of the regulated output voltage and
requires careful consideration during the PCB layout. Use wide PCB traces to make
the connection.

13

VCC

Internal 3.3V LDO output. The driver and control circuits are powered from the VCC
voltage. The module integrates an LDO output capacitor and does not require an
additional external capacitor.

14 - 16, 19,
20, 28

SW

Switch output. A large copper plane is recommended on SW to improve the thermal
performance.

17

BST

Bootstrap. A bootstrap capacitor is integrated internally and does not require an
external connection.

18, 21

AGND

Analog ground. Select AGND as the control circuit reference point.

22

CS

Current limit. Connect a resistor to ground to set the current limit trip point.

23

MODE

Operation mode selection. Program MODE to select CCM, pulse-skip mode, and
the operating switching frequency. See Table 1 on page 15 for additional details.

24

TRK/REF

External tracking voltage input. The output voltage tracks the TRK/REF input
signal. Decouple TRK/REF with a ceramic capacitor as close to TRK/REF as
possible. X7R or X5R grade dielectric ceramic capacitors are recommended for their
stable temperature characteristics. The capacitance of this capacitor determines the
soft-start time. See Equation 1 on page 15 for additional details.

25

Vo Sense-

Vo Sense-. Connect Vo Sense- to the negative side of the voltage sense point
directly. Short Vo Sense- to GND if the remote sense is not used.

26

Vo Sense+

Vo Sense+. Place a resistor from Vo Sense+ to GND to set the output voltage.

MPM3683-7 Rev. 1.0
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mps MPM3683-7 — 16V, 10A, STEP-DOWN POWER MODULE

ABSOLUTE MAXIMUM RATINGS

Thermal Resistance ¥ 0,a 04

Supply voltage (Vinto GND) ........... -0.3V to 18V QFN-28 (7Tmmx7mmx4mm).....32..... 11 ...°C/W

VSW(DC) toGND ..ol -0.3VtoVn+ 0.3V NOTES:

VSW (25ns) tO GND ................................. '5V tO 25V 1) Exceeding these ratings may damage the device.

VO ettt 4.5V 2) The maximum allowable power dissipation is a function of the
: maximum junction temperature T, (MAX), the junction-to-

All other pins ......cccooiiiiieiiee -0.3V to +4.3V ambient thermal resistance Bum, and the amblent temperature

Continuous power dissipation (TA = +25°C) (2) Ta. The maximum allowable continuous power dissipation at

any ambient temperature is calculated by Pp (MAX) = (T.

QFN'28 (7mmX7mmX4mm) ......................... 27W (MAX)-TA)/QJA. Exceeding the maximum allzwable powe;

Junction temperature ............cccccooooo 170°C dissipation produces an excessive die temperature.

Lead temperature..............cccceveeeevenencnne. 260°C 8) The device is not guaranteed to function outside of its

ti diti .

Storage temperature................. -55°C to +170°C 4) ﬁ):;:&?é;dcg: |Igl\(/)|r\1/|83683_7_QN_01A_

Recommended Operating Conditions )

Supply voltage (ViN) «eeeceeeeeiieeeeiiienns 4V to 16V

VIN(DC) - VSW(DC) ...................... -0.3V to V|N + 0.3V

VSW(DC) ................................... -0.3Vto VN + 0.3V

Output voltage (Vout)....coveeeeeeeennee. 0.6V to 5.5V

External VCC bias (Vcc ext) -.--.-.-. 3.12V to 3.6V

EN voltage (VEN) «oveeereeereenieeeiee e 3.6V

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

MPM3683-7 Rev. 1.0 www.MonolithicPower.com 5

12/14/2018 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2018 MPS. All Rights Reserved.



meS

MPM3683-7 — 16V, 10A, STEP-DOWN POWER MODULE

ELECTRICAL CHARACTERISTICS

V|N = 12V, VOUT = 1.2V, TJ =

otherwise noted.

-40°C to 125°C ), typical value is tested at T,

= 25°C, unless

Parameters Symbol | Condition | Min | Typ | Max | Units
Supply Current
Supply current (shutdown) IN Ven = OV 10 20 MA
Supply current (quiescent) IN VeN = 2V, Vvo sense+ = 0.62V 650 850 WA
MOSFET
. SWikG_Hs Ven = 0V, Vsw = 0V 0 10
Switch leakage SWikc.ts | Ven = 0V, Vew = 12V 0 0 | M
Current Limit
Current limit threshold Vim 1.15 1.2 1.25 \%
IToyv—S|de negative current I NEG 9 A
limit
:Stg(gtwe current limit time- NG Timer 200 ns
Switching Frequency
MODE = GND, lout = 0A,
Vour = 1V, Ty = +25°C 480 600 720 kHZ
L MODE = 34.8kQ, lout = 0A
(6) ) )
Switching frequency fow Vour = 1V, Ty = 425°C 680 800 920 kHZ
MODE = 80.6kQ, lout = 0A,
Vour = 1V, Ty = +25°C 850 1000 | 1150 kHZ
Minimum on time © Ton_MIN Vvo sense+ = 500mV 50 ns
Minimum off time © TorF_mIN Vvo sense+ = 500mV 180 ns
Over-Voltage and Under-Voltage Protection (OVP, UVP)
OVP threshold Vovp 113% | 116% | 119% | Vrer
UVP threshold Vuve 77% 80% 83% V/Rer
Feedback Voltage and Soft Start (SS)
Feedback voltage v Ty =-40°C to +125°C 594 600 606 mV
9 REF T,=0°C to +70°C 597 | 600 | 603 | mv
TRK/REF sourcing current | Iltrack_source | VTRKREF = OV 42 MA
TRK/REF sinking current Itrack sink | VTRKREF = 1V 12 WA
Soft-start time tss Crrack = 100nF, Ty = 25°C 1.6 ms
Error Amplifier
Feedback current [ lvosenses | Vosenser = REF | 50 100 | nA
Enable and Under-Voltage Lockout (UVLO)
Enable input rising
threshold VIHen 1.17 1.22 1.27 Y
Enable hysteresis VEN-HYS 200 mV
Enable input current len Ven = 2V 0 MA
I\S/I(gtsslzhé.tl.down discharge Ron_piscH 80 150 Q
VIN UVLO
VIN under-voltage lockout | ;)\, 21 | 24 | 27 Y,
threshold rising _
VIN under-voltage lockout Voo =3.3V
threshold falling VINvin_Fa 155 | 185 | 215 | V

MPM3683-7 Rev. 1.0
12/14/2018
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mps MPM3683-7 — 16V, 10A, STEP-DOWN POWER MODULE

ELECTRICAL CHARACTERISTICS (continued)
Vin = 12V, Vour = 1.2V, T, = -40°C to 125°C ©, typical value is tested at T, = 25°C, unless
otherwise noted.

Parameters |  Symbol | Condition | Min | Typ | Max | Units
VCC Regulator
VCC under-voltage lockout

threshold rising VCCuih Rise 2.65 2.8 2.95 Y
VCC under-voltage lockout

threshold falling VCCuth_Fall 2.35 2.5 2.65 \Y
VCC regulator Vee 2.88 3.00 3.12 Vv
VCC load regulation Icc =25 mA 0.5 %

Power Good (PGOOD)

PGutn_Hi_rise | VO Sense+ from low to high 89.5% | 92.5% | 95.5% | Vrer

Power good high threshold

PGutn_Lo_rise | VO Sense+ from low to high 113% | 116% | 119% | VR8er
PGuvth Lo_Fai | VO Sense+ from high to low 77% 80% 83% VRer

Power good low threshold

Power good low to high

delay PG T)=25°C 0.9 ms
Power good sink current _
capability VrG Irc = 10mA 04 \%
Power good leakage _
current lpc_LEAK Vee = 3.3V 3 HA
Vin = 0V, pull PGOOD up to
VoL_100 3.3V through a 100kQ resistor 650 850 mV
Power good low-level @ 25°C
output voltage Vin = 0V, pull PGOOD up to
VoL_10 3.3V through a 10kQ resistor 800 1000 mV
@ 25°C

Thermal Protection
Thermal shutdown © Tsp 160 °C
Thermal shutdown
hysteresis ©

NOTES:
5) Not tested in production, guaranteed by over-temperature correlation.
6) Guarantee by engineering sample characterization

30 °C

MPM3683-7 Rev. 1.0 www.MonolithicPower.com 7
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mps MPM3683-7 — 16V, 10A, STEP-DOWN POWER MODULE

TYPICAL CHARACTERISTICS
Vin =12V, Vour = 1.2V, CCM = 1000kHz, Ta = 25°C, unless otherwise noted.

Efficiency Efficiency
ViN = 4V/12V/16V, Vout = 1V, lout = 0-10A ViN = 4V/12V/16V, Vout = 1.2V, lout = 0-10A
100 100
90 |7~ e~ 90 /2 —
g . Vs g o yofunll
z M/ I/
@) >
4 [S]
w70 Z 70
2 o
i 60 —Vin=4V ] E —Vin=4V
—Vin=12V w60 —\/in=12V
—\/in=16V = \/in=16V
50 I I 50 | |
0 2 4 6 8 10 0 2 4 6 8 10
LOAD CURRENT (A) LOAD CURRENT (A)
Efficiency Efficiency
Vin = 4V/12V/16V, Vout = 1.8V, lout = 0-10A ViNn = 5V/12V/16V, Vout = 3.3V, lout = 0-10A
100 100 |
P
90 & a0
gl 2 |/
S 80 > 80
[8)
> 4
(8] w
g 70 S 70
3] E —V/in=12V
E —\/in=4V .
1} 60 Vin=12v 1 60 Vin=16V
e—\/in=16V e \/IN=5V
50 ! ! 50
0 2 4 6 8 10 0 2 4 6 8 10
LOAD CURRENT (A) LOAD CURRENT (A)
Efficiency Line Regulation
ViN = 6.5V/12V/16V, Vout = 5V, lout = 0-10A Vout = 1V/1.2V/1.8V/3.3V/5V, lout = 10A
100 1
,——Eab—.l 0.8
oo W70 = 06
—_ =
X ;’ 04
> 80 o 02
(&) =
0 L1
E 20 9 0.2 _4/*___
<E_:> § 0. —\/0=1.2V
-04 Vo=1.8V ]
a—\/in= o
W 60 Vin=6.5V.|_ | W 0.6 Vo=3.3V ]
e \/in=12V Z —\/0=5\/
I_V|n=|16v a-08 —\o=1V
50 -1
0 2 4 6 8 10 4 6 8 10 12 14 16
LOAD CURRENT (A) INPUT VOLTAGE (V)
MPM3683-7 Rev. 1.0 www.MonolithicPower.com 8
12/14/2018 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2018 MPS. All Rights Reserved.



mps MPM3683-7 — 16V, 10A, STEP-DOWN POWER MODULE

TYPICAL CHARACTERISTICS (continued)
Vin = 12V, Vour = 1.2V, CCM=1000kHz, Ta = 25°C, unless otherwise noted.

Load Regulation Thermal Derating
Vin =12V, Vout = 1V/1.2V/1.8V/3.3V/5V, Vin =12V
lout = 0-10A
0.5 12
04
~ 03 10
02 — §\
Z 0.1 < N
o - o \ \
g 0 3 S~
; -01 [ —\/0=1.2V —] - 6
9 02 Vo=tV | % —\o0=1.2V N
[ 0.3 Vo=1.8V | = —\/0=1.8V
g O ——\/0=3.3V 4| —vo=3av
9 -04 Vo=5V —] —\/0=5V
-0.5 2 .
0 5 10 25 45 65 85
LOAD CURRENT (A) AMBIENT TEMPERATURE (°C)
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MPM3683-7 — 16V, 10A, STEP-DOWN POWER MODULE

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =12V, Vour = 1.2V, CCM=1000kHz, Ta = 25°C, unless otherwise noted.

Vo Ripple
lout = 0A

Vo Ripple
loutr = 10A
T 5 T

CH1: CH1: . : : : : : :
Vout/AC Vour/AC  |Ipp N R R VP o N SR N W W W
5mV/div. 5mV/div. - : : : : : -

CH4: lour CH4: lour -
SA/div. I sadiv. |*f
Tus/div. 1us/div.
VIN Start-Up through Input Voltage VIN Start-Up through Input Voltage
lout = 0A loutr = 10A
CH1: Vour CH1: Vour
1V/div. 1V/div.
CH2: Vin B CH2: Vin
5V/div. 5V/div.
CH3: Vsw CH3: Vsw
5V/div. 5V/div.
B
CH4: lout CH4: lour
10A/div. 10A/div.
2ms/div. 2ms/div.
VIN Shutdown through Input VIN Shutdown through Input Voltage
Voltage lout = 10A
lour =0
CH1: Vour e CH1: Vour ; \ “
vidiv. T widiv. [
CH2: Vin CH2: Vin B
5V/div. 5V/div.
CH3: Vsw CH3: Vsw
5V/div. 5V/div.
3
CH4: lout CH4: lour
10A/div. 10A/div. P : :
: - : : |
20ms/div. 1ms/div.
MPM3683-7 Rev. 1.0 www.MonolithicPower.com 10
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MPM3683-7 — 16V, 10A, STEP-DOWN POWER MODULE

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 12V, Vour = 1.2V, CCM=1000kHz, Ta = 25°C, unless otherwise noted.

CH1: Vour
1V/div.
R1: Vec
2V/div.
CH2: Ven
5V/div.
CH3: Vsw
10V/div.

CH4: lour
10A/div.

CH1: Vour
1V/div.
R1: Vec
2V/div.

CH2: Ven
5V/div.

CH3: Vsw
10V/div.
CH4: lour
10A/div.

CH1: Vour
1V/div.

CH2: Vre
2V/div.

CH3: Vsw
10V/div.

CH4: lour
10A/div.

EN On

lout = 0A

| )

: AR
E)

éms/div.
EN Off
loutr = 0A

|

SCP Recovery
lour = 0A

2ms/div.

&

T—
N

=

v
k|
Y

L
i

i
i

)
L

AT : ey

10ms/d.iv. .

CH1: Vour
1V/div.
R1: Vrc
2V/div.
CH2: Ven
5V/div.
CH3: Vsw
10V/div.

CH4: lout
10A/div.

CH1: Vour
1Vidiv.
R1: Vec
2V/div.

CH2: Ven
5V/div.
CH3: Vsw
10V/div.

CH4: lout
10A/div.

CH1: Vour
1V/div.

CH2: Vec
2V/div.

CH3: Vsw
10V/div.

CH4: lout
10A/div.

EN On
lour = 10A

wl

2ms/div.

EN Off
loutr = 10A

400ps/div.

SCP Recovery
lour = 10A

-

U0 o

10ms/div.

MPM3683-7 Rev. 1.0
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MPM3683-7 — 16V, 10A, STEP-DOWN POWER MODULE

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 12V, Vour = 1.2V, CCM=1000kHz, Ta = 25°C, unless otherwise noted.

SCP Entry
lout = 0A
-
CH1: Vour : : A CH1: Vour
vidiv. |7 it il 1Vidiv.
CH2: Ve CH2: Vre
2V/div. (2] 2V/div.
oo | NN |} 1| o
10V/div. By Ty " 10V/div.
CH4: lour : : : : { J" F r CH4: lout
10A/div. . : =_1 | i : L_ 10A/div.
10ms/div.
SCP Steady State
CH1: Vour : : : : CHA
1Vidiv. [T . . Vout/AC
20mV/div.
CH2: Vec
2V/div. 2]
10V/div. |B» " ; " " ; :
CHA 1 : : : CH4: lour
. lout .
10A/div. : il ﬂ ﬂ ﬂ : FL‘ 5A/div.
) s = ¥ J

10ms/div.

SCP Entry

lout = 10A

o 5 T
| oL :n:_-
i

| IR | R

10ms/div.

Load Transient
lout = 5-10A,1A/us

100pus/div.

MPM3683-7 Rev. 1.0
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MPM3683-7 — 16V, 10A, STEP-DOWN POWER MODULE

BLOCK DIAGRAM

LR

mopEe[} JI rd 1 ;_E
i MODE
vee [ 1 3V LDO Select |
1 -
EN[ }— Reference System Timer
Monitor
HS p—
Driver
xS Sw
OV_TH UV_TH 0.68puH
Logic
TRK/REF[_}-4— xR Control VOuT
On

Vo Sense- Tor Timer P~

Amplifier Comparator
Vo Sense+|

C
GOOD L]

Comparator| +

vouT [ A
o—- OV Detect PGND
OV_TH Comparator
PGOOD [ L 1Cs
O—+
UV_TH
- UV Detect
Comparator
FAULT

Figure 1: Functional Block Diagram
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MPM3683-7 — 16V, 10A, STEP-DOWN POWER MODULE

OPERATION
Constant-on-Time (COT) Control

The MPM3683-7 employs constant-on-time
(COT) control to achieve a fast load transient
response. Figure 2 details the control stage of
the MPM3683-7.

The operational amplifier (AMP) corrects any
error voltage between Vo Sense+ and Vger.
With the help of AMP, the MPM3683-7 can
provide excellent load regulation over the entire
load range, regardless of whether it is operating
in forced continuous conduction mode (CCM) or
pulse-skip mode.

The dedicated Vo Sense- pin helps to provide
feedback remote GND sensing.

The MPM3683-7 uses internal ramp
compensation to support low ESR MLCC output
capacitor solutions. The adaptive, internal ramp
is optimized so that the MPM3683-7 is stable in
the entire operating input and output voltage
ranges with a proper design of the output L/C
filter.

Adaptive
RAMP

Figure 2: COT Control

Pulse-Width Modulation (PWM) Operation

Figure 3 shows how the pulse-width modulation
(PWM) is generated. AMP corrects any error
between Vo Sense+ and REF and generates a
fairly smooth DC voltage (COMP). The internal
ramp is superimposed onto COMP, and the
superimposed COMP is compared with the Vo
Sense+ signal. Whenever Vo Sense+ drops
below the superimposed COMP, the integrated
high-side MOSFET (HS-FET) turns on. The HS-
FET remains on for a fixed on time determined
by the input voltage, output voltage, and
selected switching frequency. After the on
period elapses, the HS-FET turns off and turns
on again when Vo Sense+ drops below the
superimposed COMP. By repeating this
operation, the MPM3683-7 regulates the output
voltage. The integrated low-side MOSFET (LS-
FET) turns on when the HS-FET is in its off

state to minimize conduction loss. A dead short
occurs between VIN and PGND if both the HS-
FET and the LS-FET are turned on at the same
time. This is called shoot through. To avoid
shoot through, a dead time (DT) is generated
internally between the HS-FET off and LS-FET
on period or the LS-FET off and HS-FET on
period.

Vo Sense+ —

REF
RAMP

COMP

PWM __|

HS-FET | Tov

Driver —

LS-FET —
Driver

IQ 1,// 1,//-"‘--__~
IL “‘-./’/' /’/'

Figure 3: Heavy-Load Operation (PWM)

Continuous Conduction Mode (CCM)

Operation

CCM occurs when the output current is high
and the inductor current is always above zero
amps. The MPM3683-7 can also be configured
to operate in forced CCM operation when the
output current is low (see the Mode Selection
section on page 15 for details).

In CCM operation, the switching frequency is
fairly constant (PWM mode), so the output
ripple remains almost constant throughout the
entire load range.

Pulse-Skip Operation

At light-load condition, the MPM3683-7 can be
configured to work in pulse-skip mode to
optimize the efficiency. When the load
decreases, the inductor current decreases as
well. Once the inductor current reaches zero,
the MPM3683-7 transitions from CCM to pulse-
skip mode if it is configured to do so (see the
Mode Selection section on page 15 for details).

MPM3683-7 Rev. 1.0
12/14/2018

www.MonolithicPower.com 14
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2018 MPS. All Rights Reserved.



meS

MPM3683-7 — 16V, 10A, STEP-DOWN POWER MODULE

Figure 4 shows pulse-skip mode operation in
light-load condition. When Vo Sense+ drops
below the superimposed COMP, the HS-FET
turns on for a fixed interval. When the HS-FET
turns off, the LS-FET turns on until the inductor
current reaches zero. In pulse-skip mode
operation, Vo Sense+ will not reach the
superimposed COMP while the inductor current
is approaching zero. The LS-FET driver enters
tri-state (Hi-Z) when the inductor current
reaches zero. A current modulator takes over
control of the LS-FET and limits the inductor
current below -1mA. Therefore, the output
capacitors discharge slowly to PGND through
the LS-FET. In light-load condition, the HS-FET
is not turned on as frequently in pulse-skip
mode as it is in forced CCM. As a result, the
efficiency in pulse-skip mode is improved
greatly compared to that in forced CCM
operation.

REF P /\

Vo Sens-ew-\
RAMP
COomP

PWM __|

N, —
HS-FET
Driver —

LS-FET
Driver

SERVAN AN

I N Ne——

Figure 4: Pulse-Skip Mode at Light Load

As the output current increases from the light-
load condition, the current modulator regulation
time period becomes shorter, and the HS-FET
is turned on more frequently. Therefore, the
switching frequency increases accordingly. The
output current reaches critical levels when the

Where Fsw is the switching frequency, and L is
the internal integrated inductor (typically
0.68pH).

The MPM3683-7 enters PWM mode once the
output current exceeds the critical level.
Afterward, the switching frequency remains
fairly constant over the output current range.

The MPM3683-7 can be configured to operate
in forced CCM, even in a light-load condition
(see Table 1).

Mode Selection

The MPM3683-7 provides both forced CCM
operation and pulse-skip mode operation in
light-load condition. The MPM3683-7 has three
options for switching frequency selection
(600kHz, 800kHz, and 1000kHz). Select the
operation mode under light-load condition and
the switching frequency by choosing the value
of the resistor connected between MODE and
AGND or VCC (see Table 1).

Table 1: MODE Selection

Light-Load Switching
MODE Mode Frequency
VCC Pulse skip 600kHz
Float Pulse skip 800kHz
243kQ (£20%) .
to GND Pulse skip 1000kHz
GND Forced CCM 600kHz
34.8kQ (£20%)
to GND Forced CCM 800kHz
80.6kQ (+20%)
to GND Forced CCM 1000kHz
Soft Start (SS)

With an internal 100nF capacitor from TRK/REF
to Vo Sense-, the minimum soft-start time is
limited to 1.6ms. This time can be increased by
adding an external SS capacitor between
TRK/REF and Vo Sense-.

The total SS capacitor value can be determined
with Equation (2):

current modulator time is zero. The critical level Ces(nF) = M-mow (2)
of the output current is determined with 0.6(V)
Equation (1):
| _ (Vin = Vour ) x Vour 1)
ouT 2xLxFgy xVy
MPM3683-7 Rev. 1.0 www.MonolithicPower.com 15
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Output Voltage Tracking and Reference

The MPM3683-7 provides an analog input pin
(TRK/REF) to track another power supply or
accept an external reference. When an external
voltage signal is connected to TRK/REF, it acts
as a reference for the MPM3683-7 output
voltage. The Vo Sense+ voltage follows this
external voltage signal exactly, and the soft-
start settings are ignored. The TRK/REF input
signal can be in the range of 0.3V to 1.4V.
During the initial start-up, the TRK/REF must
first reach 600mV or above to ensure proper
operation. Afterward, it can be any value
between 0.3V and 1.4V.

Pre-Bias Start-Up

The MPM3683-7 has been 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 the voltage on the
TRK/REF capacitor exceeds the sensed output
voltage at Vo Sense+. Before the TRK/REF
voltage reaches the pre-biased Vo Sense+ level,
if the BST voltage (from BST to SW) is lower
than 2.3V, the LS-FET is turned on to allow the
BST voltage to be charged through VCC. The
LS-FET is turned on for very narrow pulses, so
the drop-in pre-biased level is negligible.

Output Voltage Discharge

When the MPM3683-7 is disabled through EN,
output voltage discharge mode is enabled. This
causes both the HS-FET and the LS-FET to
latch off. A discharge MOSFET connected
between SW and PGND is turned on to
discharge the output voltage. The typical switch
on resistance of this MOSFET is about 80Q.
Once the Vo Sense+ voltage drops below
10%*REF, the discharge MOSFET is turned off.

Current Sense and Over-Current Protection
(OCP)
The MPM3683-7 features an on-die current

sense and a programmable positive current-
limit threshold.

The current limit is active when the MPM3683-7
is enabled. During the LS-FET on state, the SW
current (inductor current) is sensed and
mirrored to CS with the ratio of G¢s. By using a
resistor (Rcs) from CS to AGND, the Vcs

voltage is proportional to the SW current cycle-
by-cycle. The HS-FET is allowed to turn on only
when the Vcs voltage is below the internal over-
current protection (OCP) voltage threshold
(Voce) (during the LS-FET on state) to limit the
SW valley current cycle-by-cycle. The
MPM3683-7 integrates an internal 10kQ resistor
to GND.

Calculate the current-limit threshold setting from
Rcs with Equation (3):

R (2)//10000 = 7 _VO)XV;ZP :
G..x(I,,, ——I
cs x( LIM V,,\, X 2><L(uH)><.f;(MHZ)) (3)

Where Vocp is 1.2V, Gcs is ZOUA/A, and I w is
the desired output current limit (A).

OCP hiccup is active 3ms after the MPM3683-7
is enabled. Once OCP hiccup is active, if the
MPM3683-7 detects an over-current condition
for 31 consecutive cycles or if the Vo Sense+
drops below the under-voltage protection (UVP)
threshold, the device enters hiccup mode. In
hiccup mode, the MPM3683-7 latches off the
HS-FET immediately and latches off the LS-
FET after zero-current detection (ZCD) is
detected. Meanwhile, the TRK/REF capacitor is
discharged as well. After about 11ms, the
MPM3683-7 attempts to soft start automatically.
If the over-current condition still remains after
3ms, the MPM3683-7 repeats this operation
cycle until the over-current condition is removed
and the output voltage rises back to the
regulation level smoothly.

Negative Inductor Current Limit

When the LS-FET detects a -9A (typical)
current, the MPM3683-7 turns off the LS-FET
for 200ns to limit the negative current.
Output-Sinking Mode (OSM)

The MPM3683-7 employs output-sinking mode
(OSM) to regulate the output voltage to the
targeted value. When the Vo Sense+ voltage is
higher than 104%*REF but lower than the OVP
threshold, OSM is triggered. During OSM
operation, the LS-FET remains on until it
reaches the -5.5A negative current limit.
Afterward, the LS-FET is turned off momentarily
(200ns) before turning on again. The
MPM3683-7 repeats this operation until the Vo
Sense+ drops below 102%*REF. Afterward, the

MPM3683-7 Rev. 1.0
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MPM3683-7 exits OSM after 15 consecutive
cycles of forced CCM.

Over-Voltage Protection (OVP)

The MPM3683-7 monitors the output voltage by
connecting Vo Sense+ to the tap of the output
voltage feedback resistor divider to detect an
over-voltage condition. This provides hiccup
over-voltage protection (OVP) mode.

If the Vo Sense+ voltage exceeds 116% of the
REF voltage, OVP is triggered. PGOOD is
pulled down until it reaches the Ilow-side
negative current limit (NOCP). Then the LS-
FET is turned off momentarily for 200ns. The
HS-FET is turned on during this period. After
200ns, the LS-FET is turned on again. The
MPM3683-7 repeats this operation to discharge
any over-voltage on the output. The MPM3683-
7 exits OVP discharge mode when the
feedback voltage drops below 105%*REF.

Over-Temperature Protection (OTP)

The MPM3683-7 has an over-temperature
protection (OTP). The MPM3683-7 monitors the
junction temperature internally. If the junction
temperature exceeds the threshold value
(typically 160°C), the converter shuts off and
discharges the TRK/REF capacitors. OTP is a
non-latch protection. There is a hysteresis of
about 30°C. Once the junction temperature
drops to about 130°C, a soft start is initiated.

The OTP function is effective once the
MPM3683-7 is enabled.

Power Good (PGOOD)
The MPM3683-7 has a power good (PGOOD)

output. PGOOD is the open drain of a MOSFET.

Connect PGOOD to VCC or another external
voltage source (less than 3.6V) through a pull-
up resistor (typically 10kQ). After applying the
input voltage, the MOSFET turns on, so
PGOOD is pulled to GND before TRK/REF is
ready. After the Vo Sense+ voltage reaches
92.5% of the REF voltage, PGOOD is pulled
high after a 0.9ms delay.

When the Vo Sense+ voltage drops to 80% of
the REF voltage or exceeds 116% of the
nominal REF voltage, PGOOD is latched low.
PGOOD can only be pulled high again after a
new soft start.

If the input supply fails to power the MPM3683-
7, PGOOD is clamped low, even though
PGOOD is tied to an external DC source
through a pull-up resistor. The relationship
between the PGOOD voltage and the pull-up
current is shown in Figure 5.

6

5 ——
V4
7/
/7

4 ——
<
£ 3 -
(U] //
[-% 4
= 7

2 i

V4
1 —
2z
7z
0
0.5 0.6 0.7 0.8 0.9 1
V_PG (V)
Figure 5: PGOOD Clamped Voltage vs. Pull-Up
Current

EN Configuration

The MPM3683-7 turns on when EN goes high.
The MPM3683-7 turns off when EN goes low.
EN cannot be left floating for proper operation.
EN can be driven by an analog or digital control
logic signal to enable or disable the MPM3683-
7.

The MPM3683-7 provides accurate EN
thresholds, so a resistor divider from VIN to
AGND can be used to program the input
voltage at which the MPM3683-7 is enabled.

This is highly recommended for applications
where there is no dedicated EN control logic
signal to avoid possible under-voltage lockout
(UVLO) bouncing during power-up and power-
down. The resistor divider values can be
determined by Equation (6):

R R
Vin_start (V) =VIHg x e Toom
- Roown (6)
Where VIHen is 1.22V, typically.

Rup and Rpown should be chosen so that the
EN voltage does not exceed 3.6V when VIN
reaches the maximum value.
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EN can also be connected to VIN directly
through a pull-up resistor (Rup). Rup should be
chosen so that the maximum current going into
EN is 50uA. An easy calculation of Ryp is given
in Equation (7):

VIN \
Ryp (Ke) =~ uwx(F)
0.05(mA) )
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APPLICATION INFORMATION

Setting the Output Voltage
The circuit connection is shown in Figure 6.

MPM3683-7

L
VOUT

Vo Sense+ Vo Sense+

Vo Sense-

Vo Sense-

Figure 6: Circuit Connection
R2 can be determined with Equation (4):
Ve LR )
Vo ~ VREF (4)

Rz(kQ) =

Table 2 lists the recommended resistor values
for common output voltages.

Table 2: Resistor Selection for Common Output

Voltages
Vour (V) R2 (kQ)
1.0 3
1.2 2
1.8 1
3.3 0.442
5 0.272

Selecting the Input Capacitor

The input current to the step-down converter is
discontinuous and therefore requires a
capacitor to supply AC current to the step-down
converter while maintaining the DC input
voltage. Use ceramic capacitors for the best
performance. During the layout, place the input
capacitors as close to VIN as possible.

The capacitance can vary significantly with the
temperature. Capacitors with X5R and X7R
ceramic dielectrics are recommended because
they are fairly stable over a wide temperature
range and offer very low ESR.

The capacitors must have a ripple current rating
that exceeds the converter's maximum input
ripple current. Estimate the input ripple current
with Equation (8):

V, V,
len =lour X\/ \(Z:T X“‘%) (8)

The worst-case condition occurs at Vin = 2Vour,
shown in Equation (9):

IOUT

ICIN = T 9)

For simplification, choose an input capacitor
with an RMS current rating that exceeds half of
the maximum load current. The input capacitor
value determines the converter input voltage
ripple. If there is an input voltage ripple
requirement in the system, select an input
capacitor that meets the specification.

Estimate the input voltage ripple with Equation
(10):

AVIN — IOUT % VOUT % (1 _ VOUT ) (10)
Fsw*xCin Vi Vin

The worst-case condition occurs at Vin = 2Vour,
shown in Equation (11):

1 I
AV, = —x—0UT 11
"4 " Fsw X Ciy a

Selecting the Output Capacitor

The output capacitor maintains the DC output
voltage. Use POSCAP or ceramic capacitors.
Estimate the output voltage ripple with Equation
(12):

1 ) (12)

v, v,
AVour = =T x (10T )x Regg + 5————
sSw ouT

Fow xL Vin

When using ceramic  capacitors, the
capacitance dominates the impedance at the
switching frequency. The capacitance also
dominates the output voltage ripple. For
simplification, estimate the output voltage ripple
with Equation (13):

AVoyr = :/OUT x(1—V°UT) (13)
8xFgy” xLxCqyr Vin

The ESR dominates the switching frequency
impedance for the POSCAP capacitors. For
simplification, the output ripple can be
approximated with Equation (14):

V V
AV — ouT 1 _Yout R 14
out Fop L x( Vi )% Resr (14)

Where L is fixed at 0.68uH internally.
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PCB Layout Guidelines

Efficient PCB layout is critical for stable
operation. For the best performance, refer to
Figure 6 and follow the guidelines below.

1. Place the input MLCC capacitors as close
to the VIN and PGND pins as possible.

2. Place the major MLCC capacitors on the
same layer as the MPM3683-7.

3. Maximize the VIN and PGND copper plane
to minimize parasitic impedance.

4. Ensure that the high-current paths (PGND,
IN, and OUT) have short, direct, and wide
traces.

5. Place the ceramic input capacitor close to
IN and PGND.

6. Keep the input capacitor and the IN
connection as short and wide as possible.

a9

000&-5
DO a80

7. Place as many PGND vias as possible as
close to PGND as possible to minimize both
the parasitic impedance and thermal
resistance.

fonHfana

8. Place the external feedback resistors next
to Vo Sense+.

9. Keep the feedback network away from the
switching node.

Figure 6: Recommended Layout
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TYPICAL APPLICATION CIRCUITS

4 16V _ 5V/8A
VIN 892 1,267 o EI VOUT
CIN4 EN kN | CIN5 |CIN1 VIN VouT couT1 EoumEoum EOUT4EOUT5 Eow%oud
22pF
10pF | 10pH 10pHO. 1pF 106y 14,15,16,19,20, 28 22uF| 22uF| 22uF| 22uF|22uF|22pF
499kQ Wi 1 L 1 1 1 1
BST —17 C3- - - R11- - -
3 MPM3683-7 26 I 4.7nF I 0
EN D EN Vo Sense C6_1_ Ri0 5[(.](';‘/\/"1 ANV DVOUT
NS | 272R R12
ra [ A Pa Vo sense 1 22 2 ] ano
ke ol
124 10nF]|
VCC D 131 e REF/TF I I(R)Q
c1t == Zlooe 2 2 c2=k
1uF 221cs @ ] 27nF I =
R5 q - AGND GND
200k | N AGND
ano [———— o 3
AGND GNDO — | AGND
Figure 7: 12Vin 5V/8A Output
4 16V 3.3V/I8A
y 1,2,6,7
VIN l l I I 892 28 ] vout
cing kinsleina|cins| cin VIN vouT] couTi EOUTZEOUTS IEOUMEOUTS Eow&soud
22uF
10pF | 10pH 10uHO. 1uF 106 14,15,16,19,20 28 | 22uF| 22uF| 22pF| 22uF{ 22 22)F|
499kQ Wi 4 1 L 1 1 1 1
gst |17 47-': - R11- -7
3 MPM3683-7 26 -/n 0
EN D EN Vo Sense CG_=4§21£ glgg:Nv hd ANV DVOUT
NS | R12
ra [l = Vo sense{ 25 0 A GND
I3 i
124 10nF
VCC D 13 vee REF/TF H R9
c1 23 o o CZJ— 0
= MoDE 2 2
1uF 2)cs 9 g 27nF I J =
R5 N — AGND GND
150kQ) .y o~ AGND
NN I p— b
AGND GNDO — | AGND
Figure 8: 12Vin 3.3V/8A Output
4 16V _ 1.8V/10A
N 892 1,267 ] vour
CIN4 EN kN | CINS |CIN1 VIN VouT couTt E T2EOUT3 EOUTAEOUTS EOUT%_:OUT}
22pF
10pF | 10pH 10pHO. 1pl 06 14,15,16,19,20, 28 22UF| 22uF| 22uF| 22uF|22uF| 22pF|
499kQ swr 1
gsT |12 4C73-F - - R11- - -
3 MPM3683-7 26 I -/n I 0
EN D EN Vo Sense C6_1_ R0 R‘IAN" ANV D VOUT
NS T kO 2kQ R12
ra [ A Pa Vo sense 1 22 &AW ] ano
ka3 o
- 24 10nF||
VCC D 13 vee REF/TH 11 %9
cl ——= 23 hove 2 S C2
1uF 22lcs ¢ g 27nF I =
RS N = AGND GND
15kQ ) N AGND
ano [F——— S
AGND GNDO —| AGND

Figure 9: 12Vin 1.8V/10A Output
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TYPICAL APPLICATION CIRCUITS (continued)

4 16V _ 1.2V/10A
VIN 8.9.2 1,267 D VouT
CIN4 EN kN | CIN5 |CIN1 VIN VouT couT1 Eo T2EOUT3 EOUTAtEOUTS Eom%oud
22uF
10pF | 10pH 10pHO. 14l 106y 14,15,16,19,20, 28 22uF| 22uF| 22uF| 22uF|22uF|22pF
499kQ sw pF— 1
gst |17 c3_ - T R11- - T
3 MPM3683-7 26 I 4.7nFII | 0
EN D EN Vo Sense c6 R10 R1ANV A ANV DVOUT
NS T 2kQ< 2kQ R12
PG D 4 PG Vo Sense- 25 0 AAA D GND
fokas C4
124 10nF
VCC D 13 vee REF/TF H R9
23 s g co=k 0
cl1 == MODE = z
1uF 2lcs ¢ e 27nF I =
RS S — AGND GND
12kQ | N AGND
a0 [F——— -
AGND GNDS| —| AGND

Figure 10: 12Vin 1.2V/10A Output

416V - 1VAH0A
VIN 892 1,26,7 DVOUT
CIN4 EN kN | CIN5 |CIN1 VIN vouT| couT1 E E EOUT4EOUT5 EOUT%OUTi
22uF
10pF | 10pH 10puHO. 14l 106 14,15,16,19,20,28 220F| 22uF| 22uF| 22uF|22uF|22pF|
499kQ sw 1
BST i c3_ - - R11- - -
3 MPM3683-7 26 4.7nF I | 0
EN D EN Vo Sense C6_1_ RI10 R1ANV g ANV D VOUT
NS | 3KQ S 2kQ R12
PG D 41 ra Vo Sense-|-25 b 0 __AAA D GND
e Cc4
124 10nF
vce D 13 vee REF/TF H F(;g
23 o a ch—
cl1 == MODE = z
1uF 2lcs ¢ e 27nF I =
RS ! - AGND GND
12kQ | N AGND
ano [F——— S
AGND GNDS|  —[AGND

Figure 11: 12Vin 1V/10A Output
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PACKAGE INFORMATION
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RECOMMENDED LAND PATTERN

NOTICE: The information in this document is subject to change without notice. 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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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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