®

MP2167A

6V, 6A, Configurable-Frequency,
Synchronous Buck Converter

DESCRIPTION

The MP2167A is a configurable-frequency
(300kHz to 2.2MHz), synchronous step-down
converter. It can achieve up to 6A of continuous
output current (lout) with peak current control for
excellent transient response and efficiency. The
MP2167A operates from a 2.7V to 6V input
voltage (Vin) range and generates an output
voltage (Vour) as low as 0.606V. The device is
well-suited for a wide range of applications,
including portable instruments, industrial
supplies, and battery-powered devices.

The MP2167A integrates a 35mQ high-side
MOSFET (HS-FET) and a 25mQ synchronous
rectifier for high efficiency without an external
Schottky diode.

The MP2167A can be configured for either
advanced asynchronous modulation (AAM)
mode or forced continuous conduction mode
(FCCM) under light loads. AAM mode provides
high efficiency by reducing switching losses
under light loads, while FCCM has a controllable
frequency and a lower output voltage ripple.

The MP2167A offers standard features,
including soft start, an external SYNC clock,
enable control, and a power good indicator. In
addition, the MP2167A provides over-current
protection (OCP) with valley current detection to
avoid current runaway, short-circuit protection
(SCP), reliable over-voltage protection (OVP),
and thermal protection with automatic recovery.

With internal compensation, the MP2167A
requires a minimal number of readily available,
standard external components, and is available
in a QFN-14 (3mmx3mm) package.

FEATURES

e 2.7V to 6V Operating Input Voltage (Vin)
Range

e Adjustable Output Voltage (Vour) from

0.606V

Up to 6A Continuous Output Current (lour)

High-Efficiency Synchronous Mode Control

35mQ and 25mQ Internal Power MOSFETSs

Configurable Frequency Up to 2.2MHz

External SYNC Clock Up to 2.2MHz

42pA Quiescent Current (lg)

Low Shutdown Mode Current

100% Duty Cycle Operation

Internal Compensation Mode

Selectable Advanced Asynchronous

Modulation (AAM) Mode or Forced

Continuous Conduction Mode (FCCM)

External Soft Start

Remote EN Control

Power Good Indicator

Cycle-by-Cycle Over-Current Protection

(OCP)

Short-Circuit Protection (SCP)

Vin Under-Voltage Lockout (UVLO)

Vour Over-Voltage Protection (OVP)

Thermal Shutdown

Available in a QFN-14 (3mmx3mm) Package

Available in a Wettable Flank Package

APPLICATIONS

Portable Instruments

Industrial Supplies
Battery-Powered Devices
General Consumer Applications

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 MP2167A - 6V, 6A, CONFIGURABLE-FREQUENCY BUCK CONVERTER

TYPICAL APPLICATION

Efficiency vs. Load Current
Vour = 1.8V, fsw = 2.1MHz, L = 1yH, AAM

mode
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mps MP2167A - 6V, 6A, CONFIGURABLE-FREQUENCY BUCK CONVERTER

ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating**
MP2167AGQE *** QFN-14 (3mmx3mm) See Below 1

* For Tape & Reel, add suffix -Z (e.g. MP2167AGQE-2).
** Moisture Sensitivity Level Rating
*** \Wettable Flank

TOP MARKING

BHLY
LLL

BHL: Product code of MP2167AGQE
Y: Year code
LLL: Lot number

PACKAGE REFERENCE
TOP VIEW

EN MODE SYNCO

14 13 12
R o u |re
Nf2o 10 | fsw

PGNDZE% 7777777777 N N gji:sw
PoND | 4 8 |ss
5 6 7

FREQ/ AGND FEB
SYNC

QFN-14 (3mmx3mm)

MP2167A Rev. 1.0 MonolithicPower.com 3
2/21/2023 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2023 MPS. All Rights Reserved.



meSs

MP2167A - 6V, 6A, CONFIGURABLE-FREQUENCY BUCK CONVERTER

PIN FUNCTIONS

Pin #| Name |Description
Input supply. The IN pin supplies all power to the converter. To reduce switching spikes, place
1,2 IN A . .
a decoupling capacitor from IN to ground, and as close as possible to the IC.
Power ground. Connect PGND to larger copper areas on the negative terminals of the input
3,4 | PGND ;
and output capacitors.
FREQ/ Configurable switching frequency and synchronization input. Connect a resistor from
5 SYNC FREQ/SYNC to GND to set the switching frequency (fsw). fsw can be synchronized via this pin
using an external clock.
6 AGND |Analog ground. AGND is the ground for the internal logic and signal circuit.
Feedback point. The FB pin is the negative input of the error amplifier. To set the regulation
7 FB voltage, connect FB to the tap of an external resistor divider between the output and GND. In
addition, the power good (PG) and under-voltage lockout (UVLO) circuits use FB to monitor the
output voltage (Vour).
Soft start. To externally set the soft-start time, place a capacitor from SS to GND. Float this pin
8 SS ; ; ;
to activate the internal, default 1ms soft start setting.
Switch output. Connect SW internally to the high-side and low-side power MOSFETSs. Connect
9,10 SW )
SW externally to the output inductor.
Power good indicator. The PG pin’s output is an open drain that connects to VIN via an internal
11 PG pull-up resistor. PG is pulled up to the input voltage (Vin) when the FB voltage is within 15% of
the regulation level. If the FB voltage is out of that regulation range, PG drops down.
12 | synco Syn_chronlzatlon output. The SYNCO pin outputs a 180° out-of-phase clock to the other
devices.
13 MODE Mode selection. Connect the MODE pin to logic high or to the input for FCCM. Connect MODE
to logic low or ground for AAM mode. Do not float MODE.
14 EN Enable input. Drive the EN pin high to turn on the device. Ground or float EN to disable the
device.

ABSOLUTE MAXIMUM RATINGS @ Thermal Resistance 03a 0c
VIN cotreieieinsie et 6.5V QFN-14 (3mmx3mm)
VW JESDS1-7® 60......... 12...°C/W
...-0.3V (-3V for < 10ns) to 6.5V (7.0V for < 10ns) EV2167A-Q-00AO®................ 39......... 6.2...°C/W
All other pins........ccccvieeeiiiieiiieens -0.3V to +6.5V
Continuous power dissipation (Ta = 25°C) @ Notes:
2 1W 1) Exceeding these ratings may damage the device.
LT T PP P P CE AR OIS - 2) The maximum allowable power dissipation is a function of the
Junct|0n temperature ................................ 150 C maximum junction temperature, TJ (MAX)’ the junction-to-
Lead temperature .........ccccccvvvvvvnvnnnennnnnnnns 260°C ambient thermal resistance, 6,4, and the ambient temperature,
° ° Ta. The maximum allowable continuous power dissipation at
Storage temperature................ -65°C to +150°C any ambient temperature is calculated by Pp (MAX) = (T,
. (MAX) - Ta) / B;a. Exceeding the maximum allowable power
ESD Ratlngs dissipationA canJAcause excessive die temperature, and the
Human body model (HBM) +2kV module may go into thermal shutdown. Internal thermal
R - shutdown circuitry protects the device from permanent
Charged device model (CDM) ................ +750V damage.

Recommended Operating Conditions

Continuous supply voltage (Vin)......... 2.7V to 6V
Output voltage (Vout).....ccovvveeeeeeenn. 0.606V to Vin
Load current range ........ccccceeevvvveeenennn. OA to 6A
Operating junction temp (T3)...ooeeeviieiiiinnnnnnn.

3) The device may be able to support an operating junction
temperature above 125°C. Contact MPS for details.

4) Measured on JESD51-7, 4-layer PCB.

5) Measured on standard EVB, 6.35cmx6.35cm, 20z. thick
copper, 4-layer PCB.

MP2167A Rev. 1.0
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mps MP2167A - 6V, 6A, CONFIGURABLE-FREQUENCY BUCK CONVERTER

ELECTRICAL CHARACTERISTICS
Vin = Ven = 3.6V, T, = -40°C to +125°C ©), typical values are at T; = 25°C, unless otherwise noted.

Parameters | Symbol [Condition | Min | Typ | Max | Units
Input Supply and Under-Voltage Lockout (UVLO)

Mode = AAM mode, Ven = 2V, no 42 50
Quiescent supply current lo load, Rrreq = 1IMQ, Ty = 25°C MA
T;=-40°C to +125°C 120
Mode = AAM mode, Ven = 0V, 0 1
Shutdown current Isp T,=25°C MA
T;=-40°C to +125°C 20
Vin UVLO rising threshold INUVVTH-R 2.3 2.5 2.7 V
Vin UVLO falling threshold | INUVvTH-F 2 2.15 2.3 V
Vin UVLO hysteresis
treshoid INUVivs 350 mv
Output and Regulation
Ty=25°C 0.596 | 0.606 | 0.616 \Y
Regulated FB voltage Ve [T,=-40°C to +125°C 0.591 0621 V
FB input current Irs Ves = 0.63V 10 100 nA
Output discharge resistor RbiscHARGE 50 100 150 Q
Switches and Frequency
'r"e'gig;z'r‘]jfe("'s) MOSFET Rosone | Vin = 5V, lour = 200mA 35 | 70 | mQ
Lowside (LS) MOSFET Rosonn | Vin = 5V, lour = 200mA 25 | 70 | mQ
Ven = 0V, Vin = 6V, Vsw = 6V, 0 1
HS SW leakage current lnsw-ike | Ta=25°C MA
Ty =-40°C to +125°C 30
Ven = 0V, Vin = 6V, Vsw = 0V, 0 1
LS SW leakage current lLsw-ke | Ta=25°C MA
Ty =-40°C to +125°C 10
o Rrreq = 499kQ 380 450 520
Switching frequency fsw Rrreo = 75KQ 1800 | 2100 | 2400 kHz
SYNC freguency range fsync 0.3 2.2 MHz
SYNC high-voltage Vi — 2.7V 1.5
threshold Vsync-HigH | Vin = 3.6V 1.8 \
Vin = 6V 3.2
SYNC low-voltage Vi — 2.7V 0.8
threshold Vsync-tow | Vin = 3.6V 1.1 \
Vin = 6V 1.6
Maximum duty cycle Dwmax 100 %
Minimum on time toN-MIN 50 ns
Minimum off time torF-mIN 95 ns
PG
PG sink current capacity Vpc-sink | Sink 1mA 300 mV
PG logic high voltage Vpc-higH | Vin =5V 4.5 V
. Vour rising edge 40 100 180 us
PG delay time (PG-DELAY Vour falling edge 5 20 30 us
PG upper rising threshold PGur r | As a percentage of Vrs 108 115 122 %
PG upper hysteresis PGup nys | As a percentage of Vis 5 %
PG lower rising threshold PGLow r | As a percentage of Vrs 80 85 90 %
PG lower hysteresis PGLow Hys | As a percentage of Vs 5 %
MP2167A Rev. 1.0 MonolithicPower.com 5
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mps MP2167A - 6V, 6A, CONFIGURABLE-FREQUENCY BUCK CONVERTER

ELECTRICAL CHARACTERISTICS (continued)
Vin = Ven = 3.6V, T, = -40°C to +125°C ©), typical values are at T; = 25°C, unless otherwise noted.

Parameters | Symbol |[Condition | Min | Typ | Max | Units
EN
EN input rising threshold VEN-RISING 1.2 )Y
EN input falling threshold VEN-FALLING 0.4 )Y
. Ven = 2V 2 5 MA
EN input current len Ven = OV 0 05 A
Mode and Soft Start
MODE pin rising threshold | Vwmope-Fcem | Into FCCM 1.2 \Y
MODE pin falling threshold | Vmope-aam | Into AAM mode 0.4 \Y
Mode input leakage current IMoDE Pulled up to 6V 1 pA
Soft start charging current Iss Vss = 0V 2 4 6 A
Default soft-start time tss-DEFAULT 1 ms
Protections
Peak current limit lreak-umir | Sourcing, duty cycle = 40% 7 9 11 A
Valley current limit IVALLEY-LIMIT 7 A
Over-current protection
(OCP) timer toce 100 V]
Zero-cross threshold Izco 100 mA
fi)rr';I}tpUt over-voltage (OV) OVumr | As a percentage of Ves 115 %
Thermal shutdown Tsp Temperature rising 170 °C
Thermal shutdown o
hysteresis Tsp-sys 25 C
Note:

6) Not tested in production and guaranteed by over-temperature correlation.

MP2167A Rev. 1.0 MonolithicPower.com 6
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MP2167A - 6V, 6A, CONFIGURABLE-FREQUENCY BUCK CONVERTER

TYPICAL CHARACTERISTICS

Vin = 3.6V, T; = 25°C, unless otherwise noted.

Quiescent Current vs. Temperature

Feedback Voltage vs. Temperature

60 610
609
55 /‘ 608
50 R 607
< / E 606
< 45 7 = 605 =
> 604
"
40 = 603
35 602
601
30 600
50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C)
. High-Side MOSFET On Resistance vs.
Peak Current Limit vs. Temperature gh-Side MOS On Resistance vs
Temperature
10.0 50
9:5 45 A
9.0 g
< E 40
= 85 o
= 5
= 2 35
75 30
7.0 25
50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C)
Low-Side MOSFET On Resistance vs. PG Upper Rising/Falling Threshold
Temperature vs. Temperature
40 116
O}
Z 115
35 _|
<2114
a / &E/
£ 30 —— gQa
z 0T
2 25 T ®n112 N -
o /’-— % % —PG Upper Rising Threshold
& F111 ——PG Upper Falling Threshold |
20 >
o 110
o
15 109
%0 -2 0 25 50 75 100 125 50 25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C)
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mps MP2167A - 6V, 6A, CONFIGURABLE-FREQUENCY BUCK CONVERTER

TYPICAL CHARACTERISTICS (continued)

Vin = 3.6V, T; = 25°C, unless otherwise noted.

PG Lower Rising/Falling Threshold

vs. Temperature Vin UVLO Threshold vs. Temperature
86 2.7
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g4 o 25
0n ]
z 283 24 . —
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xom - . =
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Soft-Start Current vs. Temperature
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mps MP2167A - 6V, 6A, CONFIGURABLE-FREQUENCY BUCK CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS
Vin =5V, Vour = 1.8V, L = 1uH, Cout = 44uF, fsw = 2.1MHz, Ta = 25°C, unless otherwise noted.

Efficiency vs. Load Current Efficiency vs. Load Current
Vour = 1.8V, AAM mode Vour = 1.8V, FCCM
100 100
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95 //ﬁ\ 20 //\?\
€ 0 A Vot - g 20 /S ///
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70 | 10 |
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Efficiency vs. Load Current Efficiency vs. Load Current
Vout = 1.2V, AAM mode Vout = 1.2V, FCCM
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Efficiency vs. Load Current o
Vour = 1.8V, fsw = 450kHz, L = 4.7uH, AAM Efficiency vs. Load Current
mode Vout = 1.8V, fsw = 450kHz, L = 4.7uH, FCCM
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MP2167A Rev. 1.0 MonolithicPower.com 9
2/21/2023 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2023 MPS. All Rights Reserved.



mes

MP2167A - 6V, 6A, CONFIGURABLE-FREQUENCY BUCK CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =5V, Vour = 1.8V, L = 1uH, Cout = 44uF, fsw = 2.1MHz, Ta = 25°C, unless otherwise noted.

Efficiency vs. Load Current
Vout = 1.2V, fsw = 450kHz, L = 4.7uH,
AAM mode
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Efficiency vs. Load Current
Vour = 1.2V, fsw = 450kHz, L = 4.7uH, FCCM
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MP2167A - 6V, 6A, CONFIGURABLE-FREQUENCY BUCK CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =5V, Vour = 1.8V, L = 1uH, Cout = 44uF, fsw = 2.1MHz, Ta = 25°C, unless otherwise noted.

Steady State

loutr = 0A, AAM mode

4

Steady State
loutr = 0A, FCCM

4

cHz2: VB oo L CH2: 0 b
Vout/AC < Vour/AC 2
10mV/div. 5mV/div.
CH4: I
s : 500mA/div.
. : : : :
CH4: It SR -
500mA/div. ‘ ' ’ ' ‘ '
CHL: VSW ﬁ\ ‘ ........ ’ . ....... - ‘ ‘ AR ‘ CHL: VSW
2vidiv. L : 2V/div.
10ms/div. 200ns/div.
Steady State Start-Up through VIN
loutr = 6A lout = OA, AAM mode
f
chH2: B b 0 b e
Vout/AC CHS3: Vin E
SMVIdiv.  EEP et e ot ons o _
2V/div. 7
T S | _
................. CH2: Vour | . .
500mV/div. - il T : : : 1
CHa: 1L CHa:l L. ‘ Lol I
. B . BB il |
2A/div. 500mA/div. : : : : : ]
CHL: Vaw creve VB L l
2vidiv. " " 5V/div. i -
200ns/div. 1ms/div.
Start-Up through VIN Start-Up through VIN
lout = 0A, FCCM lout = 6A
: o } 1 u
*
CH3: Vin CH3: Vv '
VIdiv. B 3 2v/div. — : SR
CH2: VO.UT E\'_ . : CH2: VO.UT B :
1V/div. 1v/div. : : :
1A/div. o ' , YT _ o
CH1: Vsw : CH4: I B
5vidiv. | : 5A/div. - . i
400ps/div. 2ms/div.
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MP2167A - 6V, 6A, CONFIGURABLE-FREQUENCY BUCK CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =5V, Vour = 1.8V, L = 1uH, Cout = 44uF, fsw = 2.1MHz, Ta = 25°C, unless otherwise noted.

CH3: Vin
2v/div.

CH2: Vour
500mV/div.

CH4: I
200mA/div.
CHL1: Vsw
5V/div.

CH3: Vin
2V/div.
CH2: Vour
2V/div.

CH4: I
5A/div.

CH1: Vsw
5V/div.

CH3: Ven
2V/div.

CH2: Vour
1V/div.

CH4: IL
500mA/div.

CH1: Vsw
5V/div.

Shutdown through
loutr = 0A, AAM mode

VIN

_____________________ -
B — : |
el S ASSEINS Oy

‘ ......... Lo
T ] \

10ms/div.

Shutdown through VIN
lout = 6A

r—

L L
[ — —1
B : SR —
—

400us/div.
Start-Up through EN
lout = 0A, FCCM
v

' 4
N i
(24
o e L
L |

400us/div.

CH3: Vin
2V/div.

CH2: Vour
1V/div.

CH4: I
500mA/div.
CH1: Vsw
5V/div.

CHS3: Ven
2V/div.

CH2: Vour
1Vv/div.

CH4: I
500mA/div.

CH1: Vsw
5V/div.

CH3: Ven
2V/div.

CH2: Vour
1v/div.

CH4: I
5A/div.

CH1: Vsw
5V/div.

Shutdown through
loutr = 0A, FCCM

VIN

u
4Ams/div.
Start-Up through EN
lout = 0A, AAM mode
p
4
2ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ
Lok Bl
: N
i e
1ms/div.
Start-Up through EN
lout = 6A
3 I |

1ms/div.
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mps MP2167A - 6V, 6A, CONFIGURABLE-FREQUENCY BUCK CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =5V, Vour = 1.8V, L = 1uH, Cout = 44uF, fsw = 2.1MHz, Ta = 25°C, unless otherwise noted.

Shutdown through EN Shutdown through EN
lout = 0A, AAM mode lout = 0A, FCCM
= K =

CH3: Ven s CHS3: Ven

2V/div. &3 2V/div.
: CH2: Vour

CH2: Vour 2% 1vidiv. |z
LVidiv. et CHa: 1L [

CH4: It : 500mA/div. ' :
100mA/div. e

CH1: Vsw i : : : i CH1: Vsw

2v/div. i T S AR A e S| 5V/div. e s
10ms/div. 10ms/div.
Shutdown through EN SCP Entry
lout = 6A lout = OA, AAM mode
CH3: Ven : : :
; B L = : |
2vidiv. . . 5 . : : : : 1 CH3: Vrc :
: avidiv. P}

CH2 VOUT {1 i 4 § y CHZ VOUT ........................ J
1V/div. z i ' . 1V/div. . : : : : ;
o R T e NNNANINVNRRRY
5A/div. [ : | CHA: I Foooi T D

sA/div. P : T : : S
CH1: Vsw CH1: Vsw ud———-—qu—-—qn “ | | “| IH || ""_H“
SVidiv. R R R svidiv. ot . pehedmdbdelonlead
20us/div. 20us/div.
SCP Entry SCP Entry
lout = 0A, FCCM lout = 6A
........... - v ]
...... 1
1
«
CH:Vee LI™ 0 7 d ] CHB Ve ]
V/div. g T—— ] V/div. | 134 . ﬂj

CHZ:VOUT 2 S SO S S T R CHZ:VOUT (2 . { i

1V/div. A o 1Vrdiv. T : ]

AR R N Y ! oo ANFN RO o \\1

U AN . NNV

CH4: I : : : ‘ 7 : : CH4: 1L : 1
SA/div. SA/div. ' Z ]

CHI: Vsw CHL: Vsw [ 1 M [ " “ “ H ] H ”'
5V/div. svidiv. | A T R |

20ps/div.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =5V, Vour = 1.8V, L = 1uH, Cout = 44uF, fsw = 2.1MHz, Ta = 25°C, unless otherwise noted.

SCP Recovery

loutr = 0A, AAM mode

SCP Recovery
loutr = 0A, FCCM

— 7 -
& 1 I
CHS3: Vpc . CHS3: Vpc =
2V/div. 2vidiv. |
CH2: Vour 94  cH2 Vour 4
2vidiv.  JF 2v/div.
cha VB CHA: I,
sa/div. P 5A/div. I .
CH1: Vsw CH1: Vsw ———‘”.MMI'.
sy, D — . sVidiv. .
100ms/div. /div.
SCP Recovery PG Start-Up through VIN
lout = 6A lout = 0A, AAM mode
] [T :l
CH3: Veo e 4 .
2vidiv. B .
CH3: Vin b
...... T Vi,
CH2: Vour gl : CH2: Vour |k i
SVidiv. 1v/div. :
CHA: 1L e Wb
S5A/div. 2v/div. . E {'
o L
CHL: Vsw CHIL: Vsw | W\_ I ]
5V/div. 5V/div. .
1ms/div. 1ms/div.
PG Shutdown through VIN PG Start-Up through EN
lout = 0A, AAM mode lout = 0A, AAM mode
............................. E
: CHS3: Ven :
CHE Vi \_‘_‘ 2V/div.
vidiv. Pl o -
CH2: Vour I I - W CH2: Vour [z#
AV EX S \ 1V/div. :
CH4: Vpo : o :
2V/d|v ﬁ\ | l CH4VPG ﬁ\ ..................
™ .
1 3 ] 2V/d|V
CHL: Vsw ‘ T
vidiv. |k RN : CHL: Vow
5V/div.
4ms/div. 1ms/div.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =5V, Vour = 1.8V, L = 1uH, Cout = 44uF, fsw = 2.1MHz, Ta = 25°C, unless otherwise noted.

PG Shutdown through EN
lout = OA, AAM mode SCP Steady State
——— — — ~
........................... ‘ ¥ o o
ovigiv. BT 0 0 soomvidiv. |2
CHS3: Vin
CH2: Vour 2Vidiv.
widiv. k2
CH4: Vpc > A T O S S PP CH4: 1L
2V/div. : : : . s : : 2A/div.
CHl VSW A L. L \ . . ....... CHl. VSW
2vidiv. | R S A — 2Vidiv.

4ms/div.

Load Transient
lout = 3A to 6A, 1.6A/us

u
CH2: |8
Vout/AC I A Ll CH2: Vour
2oomvigiv. | | ] v
CH3:
: : | - Vsynco
A e S SRR S Scansey. 5V/div.
CH4: lout . . . : . . ] CH4: I
2A/div. : ; 2A/div.
CHL: Vsw CH1: Vsw
5V/div. i 5V/div.
100ps/div.
SYNCIN SYNCIN
lout = 0A, AAM mode, SYNC clock = 2.2MHz lout = OA, FCCM, SYNC clock = 2.2MHz
v

: : : CHS3: Vsyne
S A ﬁ A i Z 2v/div.

cHa: 1. | “ AN

500mA/div. CERWAW YN AW WY WY Al e e

CH2: Vout E\ ] ]
500mV/div. i . . LI L i | CH4: I
CH3: Venc  [EfkFrF . : | 200mA/div.
2v/div. - : ' | CHzVour
CH1: Vsw 503;“1\_”3"’-
5V/div. . ! - Vsw

2ps/div.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =5V, Vour = 1.8V, L = 1uH, Cout = 44uF, fsw = 2.1MHz, Ta = 25°C, unless otherwise noted.

SYNCIN
loutr = 6A, SYNC clock = 2.2MHz
CH2: Vour i
2Vidiv. ]z
CHS3: Vsyne
2V/div. | {
CH1: Vsw
5V/div.
CH4: I ﬁ\' W
1A/div. I i
400ns/div.
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FUNCTIONAL BLOCK DIAGRAM
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Figure 1: Functional Block Diagram
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OPERATION

The MP2167A is a fully integrated, synchronous,
rectified, step-down, non-isolated switch-mode
converter. It uses peak current mode control with
internal compensation for faster transient
response and cycle-by-cycle current limiting.

Figure 1 on page 17 shows the device’s
functional block diagram.

The MP2167A has a 2.7V to 6V input voltage
(Vin) supply range, and can achieve 6A of
continuous output current (lout) with excellent
load and line regulation across an ambient
temperature range of -40°C to +125°C. The
output voltage (Vour) can be regulated to as low
as 0.606V.

The MP2167A is optimized for portable, low-
voltage applications where efficiency and small
size are critical. It can operate with up to a
2.2MHz switching frequency (fsw), which
enables the use of a smaller-value inductor while
still providing excellent efficiency. It also allows
for high power conversion efficiency under light-
load conditions with advanced asynchronous
modulation (AAM) mode.

Forced Continuous Conduction Mode (FCCM)

Pulling the MODE pin high (>1.2V) forces the
converter into forced continuous conduction
mode (FCCM). In FCCM, the MP2167A operates
in fixed-frequency, peak current control mode to
regulate Vour, regardless of lour.

An internal clock initiates an FCCM cycle. At the
rising edge of the clock, the high-side MOSFET
(HS-FET) turns on, and the inductor current rises
linearly to provide energy to the load. The HS-
FET remains on until its current reaches the
COMP voltage (Vcowmr), Which is the output of the
internal error amplifier. Vcome depends on the
difference between the output feedback voltage
and the internal, high-precision reference. Vcome
determines how much energy should be
transferred to the load. A higher load current
results in a higher Vcowe.

When the HS-FET is off, the low-side MOSFET
(LS-FET) turns on immediately, and remains on
until the next clock starts. During this time, the
inductor current flows through the LS-FET. To
avoid shoot-through, a dead time is inserted to
avoid the HS-FET and LS-FET turning on

simultaneously. For each turn-on/off period in a
switching cycle, the HS-FET remains on or off for
a certain time limit.

Advanced Asynchronous Modulation (AAM)
Mode

Pulling the MODE pin low (<0.4V) forces the
converter into light-load advanced asynchronous
modulation (AAM) mode. There is an internally
fixed AAM mode threshold voltage (Vaam). Under
light-load conditions, the value of Vcowe is low. If
Vcome exceeds Vaau, the MP2167A first enters
discontinuous conduction mode (DCM) with a
fixed frequency, as long as the inductor current
approaches 0A.

If the load decreases further, or there is no load
and Vcowp drops below Vaawm, the internal clock is
blocked, and the MP2167A skips some pulses.
During this time, Vrs is below the reference
voltage (Vrer), SO Vcowp ramps up until it
exceeds Vaam. Then the internal clock is reset,
and the crossover time is used as a benchmark
for the next clock. This control scheme helps
achieve high efficiency by scaling down the
frequency to reduce the switching and gate
driver losses.

As lour increases from a light-load condition,
Vcowmp rises, as well as fsw. If lour exceeds the
critical level while Vcowp exceeds Vaaw, the
MP2167A resumes fixed-frequency control,
which is the same as FCCM (see Figure 2).

Inductor AAM Inductor FCCM
Current j (MODE = Low) Current j (MODE = High)

Load
D d

| |
| |
| |
| |
| |
' '

Figure 2 : AAM Mode and FCCM

Enable (EN)

The MP2167A can be enabled or disabled via a
remote EN signal that is referenced to ground.
The remote EN control operates with a positive
logic that is compatible with popular logic
devices. A positive logic implies that when the
input voltage exceeds the under-voltage lockout

MP2167A Rev. 1.0
2/21/2023

MonolithicPower.com 18
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2023 MPS. All Rights Reserved.



meSs

MP2167A - 6V, 6A, CONFIGURABLE-FREQUENCY BUCK CONVERTER

(UVLO) threshold (typically 2.5V), the converter
is enabled by pulling EN above 1.2V. Float or
ground the EN pin to disable the MP2167A.
There is an internal 1IMQ resistor connected from
EN to ground.

Oscillator and SYNC Function

The oscillating frequency can be configured via
an external frequency resistor. The frequency
resistor should be located between FREQ and
GND, and as close to the device as possible.
Select the Rereg Value following the Switching
Frequency vs. Frequency Resistor curve (see
the Typical Performance Characteristics section
on page 10 for more details).

The FREQ pin can also synchronize the internal
oscillator’s rising edge to an external clock’s
falling edge. The amplitude of the SYNC clock
drives the internal logic. (To determine the
proper amplitude, see the Electrical
Characteristics section on page 5). The
recommended external SYNC frequency is
between 300kHz and 2.2MHz.

There is no pulse width requirement. However,
there is always parasitic capacitance on the pad,
so if the pulse width is too short, a clear rising
and falling edge may not be seen due to the
parasitic capacitance. A pulse longer than 100ns
is recommended in application. Add the external
SYNC clock (300kHz to 2.2MHz) before the
device starts up, and the clock stays on until the
device turns off. During this operation, constant
high, constant low, or high/low transitions are not
allowed on the SYNC signal.

The MP2167A also has SYNCO pin, which can
output a 180° phase-shift clock. This signal can
be used to synchronize other devices to operate
at the same operation frequency but the opposite
phase, which reduces the total input current

ripple.
Soft Start (SS) and Output Discharge

The MP2167A has soft start (SS). To avoid
overshoot at start-up, soft start ramps up Vour at
a controlled slew rate when EN goes high.

When soft start begins, an internal current
source charges the external SS capacitor. When
the SS voltage (Vss) falls below Vger, Vss
overrides Vger as the error amplifier reference.
When Vss exceeds Vgrer, Vrer acts as the
reference. After soft start finishes, the MP2167A

enters steady state. Soft start can be used for
tracking and sequencing.

The soft-start time, set by the external SS
capacitor, can be calculated with Equation (1):

Ces(NF)x Veer (V) @)
lss(MA)

Where Css is the external SS capacitor, Vrer is
the internal reference voltage (0.606V), and Iss
is the internal 4uA SS charge current.

When SS is floating, the SS time is 1ms after the
internal setting. If the MP2167A is disabled or
experiencing an input shutdown, the device
discharges the output voltage to GND through an
internal 100Q resistor that is in parallel with the
LS-FET.

Pre-Biased Start-Up

If Veg exceeds Vss (which means the output has
a pre-biased voltage) at start-up, the HS-FET
and LS-FET remain off until Vss exceeds Ves.

100% Duty Cycle

The MP2167A can operate with 100% duty cycle,
which can extend the battery life. When V\y is too
low to regulate the output, the device turns the
HS-FET completely on to achieve a maximum
Vour.

tss(ms) =

Power Good Indicator

The MP2167A has power good (PG) indication.
PG is the open drain of the MOSFET. In the
presence of an input voltage, the MOSFET turns
on, and PG is pulled to GND before soft start is
ready. When Vour is within a £15% window of the
rated voltage set by FB, PG is pulled up to Vin by
an internal resistor after a delay. If Ves moves
outside the +£15% range with a hysteresis, the
device pulls PG low to indicate an output failure
status.

Over-Current Protection (OCP)

The MP2167A has 9A, cycle-by-cycle peak
current limit control. The inductor current is
monitored while the HS-FET is on. Once the
inductor current reaches the current limit, the
HS-FET turns off immediately. Then the LS-FET
turns on to discharge the energy, and the
inductor current decreases. The HS-FET does
not turn on again until the inductor is below a

MP2167A Rev. 1.0
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certain current threshold, called the valley
current limit. This operation prevents the inductor
current from running away and possibly
damaging the components.

When the valley current limit is triggered, the
over-current protection (OCP) timer starts
immediately. The OCP timer is set to 100us. If
the valley current limit is reached within this
100ps time frame during each cycle, short-circuit
protection (SCP) is triggered.

Short-Circuit Protection (SCP)

When a short circuit occurs, the MP2167A
immediately reaches its current limit. Meanwhile,
Vour drops until Veg falls below 50% of Vger
(0.606V). The device considers this an output
dead short, and triggers short-circuit protection
(SCP) immediately.

In SCP, the inductor current is monitored while
the HS-FET is on. Once the inductor current
reaches the current limit, the HS-FET turns off
immediately. Then the LS-FET turns on to
discharge the energy, and the inductor current
drops. The HS-FET does not turn on again until
the inductor drops below a certain current
threshold, called the valley current limit. The
device repeats this operation until the short
circuit disappears, and the output returns to the
regulation level. This protection mode prevents
the inductor current from running away and
possibly damaging the components.

Over-Voltage Protection (OVP)

The MP2167A monitors the output voltage
through FB to detect output over-voltage (OV)
conditions. If Veg that exceeds 115% of Vger
(0.606V), OVP is triggered, and the LS-FET
turns on to discharge Vour until the inductor
current drops to OA. Meanwhile, the HS-FET
remains off. The LS-FET shuts off once the
inductor current drops to OA, and the output is
discharged through the internal 100Q resistor,
which is in parallel with the LS-FET. The
controller does not begin to switch until the
output is within regulation.

Under-Voltage Lockout Protection (UVLO)

The MP2167A has input UVLO to ensure there
is reliable output power. Assuming EN is active,
the MP2167A starts up when V\y exceeds the
UVLO rising threshold. The device shuts down
when Vy drops below the UVLO falling threshold.
This function prevents the device from operating
at an insufficient voltage. UVLO is a non-latch
protection.

Thermal Shutdown

The MP2167A employs thermal protection by
internally monitoring the IC temperature. This
function prevents the chip from operating at
exceedingly high temperatures. If the junction
temperature exceeds the threshold value
(typically 170°C), the MP2167A shuts down. This
is a non-latch protection. There is a 25°C
hysteresis. Once the junction temperature drops
to about 145°C, the device resumes normal
operation by initiating a soft start.

Start-Up and Shutdown

If both Viv and Ven exceed their respective
thresholds, the chip starts up. The reference
block starts first, generating a stable reference
voltage and currents, and then the internal
regulator is enabled. The regulator provides a
stable supply for the remaining circuitries.

While the internal supply rail is up, an internal
timer holds the power MOSFET off for about
50us to blank start-up errors. If the soft-start
block is enabled, it first holds its SS output low to
ensure the rest of the circuitries are ready, and
then slowly ramps up.

Three events can shut down the chip: EN going
low, Vin UVLO, and thermal shutdown. During
shutdown, the signaling path is blocked first to
avoid any fault triggers. The COMP voltage and
the internal supply rail are then pulled down. The
floating driver is not subject to this shutdown
command, but its charging path is disabled.

MP2167A Rev. 1.0
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APPLICATION INFORMATION
Setting the Output Voltage (Vour)

The external resistor divider connected to FB
sets Vour (see Figure 3). The feedback resistor
(R4) must account for both stability and dynamic
response, so it cannot be too large or too small.
R4 is estimated to be 100kQ. R5 can be
estimated with (2):

__R4 )
R5 = v

out _

0.606

It is highly recommended to use a T-type
feedback network (see Figure 3).

MP2167A

R6 R4
FB Vour

R5

Figure 3: Feedback Network

The R6 and R4 values set the loop bandwidth.
Generally, a higher R6 + R4 value results in
lower bandwidth. To ensure loop stability, it is
strongly recommended to limit the bandwidth to
about 10% of fsw.

Table 1 shows the recommended feedback
divider resistor values for common output
voltages. Check the loop analysis before using
resistors in application. If required, change the
resistance of R6 (Ry) for loop stability.

Table 1: Resistor Values for Typical Vour

Vour (V) | R6(kQ) | R4(kQ) | R5(kQ)
1.2 100 100 (1%) | 100 (1%)
1.5 100 100 (1%) | 66.5 (1%)
1.8 100 100 (1%) | 49.9 (1%)
2.5 100 100 (1%) | 31.6 (1%)
3.3 100 100 (1%) | 22.1 (1%)

Selecting the Inductor

The inductor must supply a constant current to
the output load while being driven by the
switching input voltage. For a default 2.1MHz
application, an inductor between 0.47pH and
1.5pH is recommended.

For the highest efficiency, chose an inductor with
a DC resistance below 15mQ. When setting the
frequency or SYNC function, the inductance may
need to be increased when the frequency
decreases. A larger-value inductor results in less
ripple current and a lower output ripple voltage.
However, larger-value inductors are physically
larger, and have a higher series resistance, and
a lower saturation current.

A good rule to determine the inductor value is to
make the inductor ripple current approximately
30% of the maximum load current. Ensure that
the peak inductor current is below the device
peak current limit. The inductance value can be
calculated with Equation (3):

_ Vour x (1— VOUT) ©)
fow x Al Vin

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

Choose an inductor that does not saturate under
the maximum inductor peak current. The peak
inductor current can be estimated with Equation

(4):

V, V,
| =] + ouT x (1— ouT 4
LP ouT 2 % fSW <L ( V|N ) ( )

Selecting the Input Capacitor

The step-down converter has a discontinuous
input current, and requires a capacitor to supply
the AC current to the converter while maintaining
the DC input voltage. Use low-ESR capacitors
for the best performance. Ceramic capacitors
with X5R or X7R dielectrics are highly
recommended because of their low ESR and
small temperature coefficients. Do not use other
capacitor types, such Y5V and Z5U, because
they lose too much capacitance when there are
changes to the frequency, temperature, and bias
voltage.

Place the input capacitors as close to IN as
possible. For most applications, a 22uF
capacitor is sufficient. For applications with a
higher Vour, use a 47uF capacitor to improve
system stability. To reduce the solution size,
choose a proper package size capacitor with a
rating voltage compliant to the input specification.

MP2167A Rev. 1.0
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Since the input capacitor absorbs the input
switching current, it requires an adequate ripple
current rating. The rating should exceed the
converter’'s maximum input ripple current. The
input ripple current can be calculated with
Equation (5):

lon = lour % \/ Vour x(1- Vour ) 5)

Vin Vin

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

I
I — ouTt (6)
CIN 2
For simplification, choose an input capacitor with
an RMS current rating that is greater than half of
the maximum load current.

The input capacitor can be electrolytic, tantalum,
or ceramic. When using electrolytic or tantalum
capacitors, use a small, high-quality ceramic
capacitor (0.1uF) placed as close to the IC as
possible. The input capacitance value
determines the converter’s input voltage ripple. If
there is an input voltage ripple requirement in the
system design, choose an input capacitor that
meets the specification.

The input voltage ripple caused by capacitance
can be estimated with Equation (7):

AV — IOUT x VOUT X (1_ VOUT) (7)
IN
fSW x CIN \/IN \/IN

The worst-case condition occurs at Vin = 2 X Vour,
calculated with Equation (8):

AV =Ly lour ®8)

=Zx
! fow X Cyy

Selecting the Output Capacitor

The output capacitor maintains the output DC
voltage. Low-ESR ceramic capacitors are
recommended for their small size and ability to
keep the output voltage ripple low. Electrolytic
and polymer capacitors may also be used.

The output voltage ripple can be estimated with
Equation (9):
Vour 1 ) (9)

8 x fSW x ouT

V,
AVgyr = : x(1- \‘;UT )% (Regr +

Sw xL IN

Where Resr is the equivalent series resistance
(ESR) of the output capacitor.

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 (10):

AV VOUT % (1_ VOUT ) (10)

ouT 8><1:SW2 ><I‘XC:OUT \/IN

For tantalum or electrolytic capacitors, the ESR
dominates the impedance at the switching
frequency. For simplification, the output ripple
can be calculated with Equation (11):

V V
AVour = = (1= 1)xRege (1)
SW IN

When choosing the output capacitance, consider
the allowable output voltage overshoot if the load
is suddenly removed. In this case, the energy
stored in the inductor is transferred to Cour,
which causes its voltage to rise. To achieve a
proper overshoot relative to the regulated
voltage, the output capacitance can be
estimated with Equation (12):
2
Cour = lour XL (12)

VOUT2 X ((VOUTMAX /VOUT)2 - l)

Where Voutmax / Vourt is the maximum allowable
overshoot.

After calculating the capacitance required for
both the ripple and overshoot, choose the larger
of the calculated values. The characteristics of
the output capacitor also affect the stability of the
regulation system. The MP2167A can be
optimized for a wide range of capacitance and
ESR values.
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PCB Layout Guidelines

Efficient PCB layout is critical for stable
operation. A 4-layer layout is strongly
recommended to improve thermal performance.
For the best results, refer to Figure 4 and follow
the guidelines below:

1. Place high-current paths (GND, IN, and SW)
very close to the device with short, direct,
and wide traces.

2. Place input capacitors as close to IN as
possible to minimize high-frequency noise.

3. Place the feedback resistor divider as close
as possible to FB.

4. Route the FB trace away from the switching
(SW) node.

5. Connect the bottom IN and SW pads to a
large copper area to improve thermal
performance.

6. Use large copper areas for power planes (IN,
SW, OUT, and GND) to minimize conduction
loss and thermal stress.

7. Use multiple vias to connect the power
planes to the internal layers.

Mid-Layer 1

'\\o!

Mid-Layer 2

Bottom Layer and Bottom Silk
Figure 4: Recommended PCB Layout

Note:

7) The recommended PCB layout is based on the circuit in Figure
5 on page 24.
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TYPICAL APPLICATION CIRCUITS

2.7V to 6V

Vin D
GND D:L

GND GND GND GND

EN

MoDE| |

PG [ |

2.7V to 6V

v [
GND D:L

GND GND GND GND
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Figure 5: Typical Application Circuit (Vout = 1.8V, lout = 6A)
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Figure 6: Typical Application Circuit (Vout = 1.2V, lout = 6A)
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PACKAGE INFORMATION
QFN-14 (3mmx3mm)
Wettable Flank

1.30
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SIDE VIEW SECTION A-A

NOTE:

1) ALL DIMENSIONS ARE IN MILLIMETERS.

2) EXPOSED PADDLE SIZE DOES NOT INCLUDE
MOLD FLASH.

3) LEAD COPLANARITY SHALL BE 0.08
MILLIMETERS MAX.

4) JEDEC REFERENCE IS MO-220.

= 5) DRAWING IS NOT TO SCALE.

—2.80

RECOMMENDED LAND PATTERN
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CARRIER INFORMATION

/OOOOOOOO

Pinl —» 1 1 1 1
Reel ABCD ABCD ABCD ABCD
Diameter

—_—>
Feed Direction

Package Quantity/ Quantity/ Quantity/ Reel Carrier | Carrier
Part Number Description Tra Tube Reel Diameter Tape Tape
P y Width | Pitch
MP2167AGQE-Z QFN-14 N/A N/A 5000 13in 12mm 8mm
(Bmmx3mm)
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