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DESCRIPTION

The EVBL2166-D-00A is an evaluation board
for the MP/MPQ2166 with MPS power inductor
stuffed.

MP/MPQ2166 is an internally compensated,
dual, PWM, synchronous, step-down regulator,
which operates from a 2.7V to 6V input and
generates an output voltage as low as 0.6V. It
can be configured as a 2A/2A or 3A/1A output
current regulator and is ideal for powering
portable equipment that runs on a single-cell
lithium-ion (Li+) battery due to a low 60uA
quiescent current.

The MP2166/MPQ2166 integrates dual, 55mQ,
high-side switches and 20mQ synchronous
rectifiers for high efficiency without an external
Schottky diode. The MP2166/MPQ2166 has
peak-current-mode  control and internal
compensation and is capable of low dropout
configurations. Both channels can operate at
100% duty cycle.

Full protection features include cycle-by-cycle
current limit and thermal shutdown.

EVBL2166-D-00A

6V, Dual 2A/2A or 3A/1A,

Low Quiescent Current,
Synchronous Buck with PG and SS
Evaluation Board

FEATURES

2.7V to 6V Operating Input Range

2A/2A or 3A/1A Continuous Current

55mQ/20mQ Rpson)

Programmed Frequency up to 3MHz

External Sync Clock Up to 3MHz

180° Phase Shifted Operation

PG Indicators

External SS and Track

Adjustable Advanced Asynchronous Mode

(AAM) or Forced Continuous Conduction

Mode (CCM)

e Output Adjustable from 0.6V to VIN

¢ 100% Duty Cycle Operation

e Cycle-by-Cycle Over-Current Protection
(OCP)

e Short-Circuit Protection (SCP) with Hiccup
Mode and Valley Current Detection

e Thermal Shutdown

o Fully Assembled and Tested

¢ MPS Power Inductor Stuffed

APPLICATIONS

e Small/Handled Devices
The EVBL2166-D-00A is assembled and tested e DVD Drivers
with QFN-18 (2mmX3mm) package. e Smartphones and Feature Phones
R : .
ELECTRICAL SPECIFICATIONS Battery-Powered Devices
_ e Portable Instruments
Parameter Symbol Value | Units
All MPS parts are lead-free, halogen-free, and adhere to the RoHS directive.
InpUt VOItage Vin 2.7-6 \ For MPS green status, please visit the MPS website under Quality
Assurance. “MPS”, the MPS logo, and “Simple, Easy Solutions” are
OUtPUt VOItage Vouri/ Vourz | 1.8/1.2 \ trademarks of Monolithic Power Systems, Inc. or its subsidiaries.
2/2
Output Current | louti/ lout2 A
31
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mps EVBL2166-D-00A — 6V, DUAL 2A/2A OR 3A/1A, SYNCHRONOUS BUCK EV BOARD

EVBL2166-D-00A EVALUATION BOARD

d ‘ Efficiency vs. Load
mes 0 @ C t y
Monolithic Power Systems UOUT2 urren
MP2! o I _
o S VouT1=1.8V, AAM, one channel on
www.monolithicpower.com 4 * 00 1 40
‘; 6 Max PN - 90 1.20
D E 2 80 1.00 £
I (%)}
570 0.80 &
5 iy i 60| 0.60
N @) ’ u§J
MPS Confidential L ) ]
For MPS Customer Use Only h 50 040 8
Made in China I )
40 0.20
(Lx W x H) 2.5” x 2.5” x 0.2” | 30t lo.00
(6.35cm x 6.35cm x0.5cm) 1 10 100 1000
Board Number MPS IC Number lout (MA)
EVBL2166-D-00A MP/MPQ2166GD
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mps EVBL2166-D-00A — 6V, DUAL 2A/2A OR 3A/1A, SYNCHRONOUS BUCK EV BOARD

EVALUATION BOARD SCHEMETIC

2.7V-6V c5
VINe—————————————— 01UFL =
r FB1 L3 | CIN5 is for damping 0603
| NS (\l\#\&}\ | input C and L
VEMIO—
! Tondfone  Toms  Jomdloms B i
| TNST NS NS T NsTu7er “T0805] 0805]0805] 0805 8]
| GNDO | 1%%k 16V"] 16V |16V 16va ,\o> = R
| _ _touEMCHer ! 0603 g ¢ E 0603
EN high: 1.6V 17 EN1I18 O EN1
EN20 1
Ra Srio ENlow: 04V |EN2 Ro R2
NS S 100k MPQ2166 100k NS
06037 0603 0603 _| 0603 High if vout
PG20 = 18 PG2 pG1l14 = within +/-10% o PG
L1
Voutz 0—1:2VI2A_CHB w2 swi12 m CHA 1.8VI2A, |0
R13 ! R5
C2C |C2D NC 10 C2A | C2B
C6 | |22uF |22uF 0603 _ 9 06V 0603 | C7 | 22uF| 22uF
NC T Tosos Josos o FB2 FB1 co Re |NC [0805] 0805
16V |16V NG e 16V | 16V
- 0 0603
SS2 SS1
Soft-Start: S 5o 5 & Py
1.5nF ->0.28ms z E % (% % 0603 0603
4.7nF->0.88ms FEIBR L s0v
10nF -> 1.88ms = - g‘ «,l o ™ = =
Tss= Css[nF]*Vref(0.6V)/ Iss(3.2uA)ms -
R11 Fsw L 1L Vout (V)| R6/R8 (kQ) | R18/R12 (kQ)
665kQ | 350kHz R11 ] 33 100 (1%) 221 (1%)
20060 | IMHz ook V%% T8 | 100(1%) | 499(1%)
75kQ | 2.25MHz 225MHz = CCMAAM= 12 100 (1%) 100 (1%)
51kQ 3MHz AGND
Package Reference
PG2 EN2 FREQ EN1 PG1
| I [l [l [
B e
PoND2 [0S (__13] penot
S ] ow
iz [3 77 o v
ss2 4”7 C__10f ss1
IanNg r =
}m} lo| }V\} }m} }m}
FB2 AGND VCC CCM FB1
Qty Ref Value | Description Package | Manufacturer Manufactuer_P/N
CIN1,CIN2
4 g ’ NS
CIN3,CIN4
1 FB1 NS
1 L3 NS
Electrolytic . .
1 CIN5 4TuF ) YU SMD Jianghai VZ1-16V47
Capacitor; 16V
C1A, C1D, Ceramic
6 C2A, C2B, 22uF Capacitor: 16V-X5R 0805 muRata GRM21BR61C226ME44L
C2C, C2D pacitor, 1oV,
Ceramic
2 C1B, C1C 0.1uF - . 0805 muRata GRM219R71C104KA01D
Capacitor;16V;X7R
Ceramic
2 C3,C4 1.5nF - . 0603 muRata GRM188R71H153KA01D
Capacitor;50V;X7R
EVBL2166-D-00A Rev. 1.1 www.MonolithicPower.com 3
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mps EVBL2166-D-00A — 6V, DUAL 2A/2A OR 3A/1A, SYNCHRONOUS BUCK EV BOARD

EVBL2166-D-00A BILL OF MATERIALS (continued)

Qty Ref Value | Description Package | Manufacturer Manufactuer_P/N
Ceramic
1 C5 0.1uF Capacitor;16V:X5R 0603 muRata GRM188R61C104KA01D
Cs, C7, C8,
6 lco,cro,cr1| NS
2 L1, L2 1.50H | qaacton 14.5m; SMD MPS MPL-AL4020-1R5
R1, R3, R6,
o | REORIRIO 1006 | Film Resistor; 1% 0603 Yageo RC0603FR-07100KL
R17,R19
2 R5,R7 10 Film Resistor;1%; 0603 Yageo RC0603FR-0710RL
1 R18 49.9k | Film Resistor;1%; 0603 Yageo RC0603FR-07105KL
R2, R4, R13,
6 R14, NS
R15,R16
1 R11 75k | Film Resistor;1%; 0603 Yageo RCO0603FR-0775KL
1 U1 Srep-Down QFN-18 MPS MP2166GD
onverter
VIN, VEMI,
GND, Test
7 VOUT1, Point 2.0 Golden Pin HZ
GND,
VOUT2, GND
PG2, GND,
EN2, EN1, .
9 GND. PG, 2.54mm Test Pin any
JP1

EVBL2166-D-00A Rev. 1.1
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mE EVBL2166-D-00A — 6V, DUAL 2A/2A OR 3A/1A, SYNCHRONOUS BUCK EV BOARD

EVB TEST RESULTS

V|N = 5V, VOUT1 = 1.8V, VOUT2 = 1.2V, L1=L2= 1.5|.|H, st = 2.25MHZ, TA = 25°C, unless otherwise
noted.

Efficiency vs. Load Efficiency vs. Load Load Regulation
Current Current VouT1=1.8V, AAM, one channel on
VouT1=1.8V, AAM, one channel on VouT2=1.2V, AAM, one channel on
0 1.40 100
T TR T T
90 P 1.20 90 VIN=2.7V. » VIN=2.7V]
L _ L LHH _7_-'! 7¢|. . -~ FH I =1 A R
S 80 Vi) 9% 10023 80 a /
< [ L LU LA | VINS2.7V o> L-LLHEM A 1A -
% LIl 8% / VIN=5V /
o 70 H——HHi—80.808 5 70 -V || A
g -t ynsevii-W S b-L bt - A - - Sid
S 60 / 0.60% & 60 b=~ N b e
S} 1S4 ~
o P4 01 B A J gy 1 211 N :
w50 0.400 17 50 - A Ny T o
L LAALIYN, Csy - FHHE o LU A L LI -
40 AN 020  40f LA ey T ViN=3.6V
L _ L ULt — - = LU =
30"_ 0.00 30 || ||||||
1 10 100 1000 1 10 100 500 1000 1500 2000 2500 3000
lout (MA) lout (MA) lout (MA)
Load Regulation Case Thermal Rise Case Temp Rise
VouT2=1.2V, AAM, one channel on VIN=5V, louT1=louT2=2A, AAM, VIN=5V, loyT1=1A-3A, loyT2=1A,
both channels on both channels on
0.4 18 25
-
03 16 //
x 2
S 02Nl 14 0 /
z <
S 0PN 512 / 5 /
N 5
S TRA <10 / < 1 A
5 0.0 Vin=5V L Y/ w -
IN ) %) ~d
& N z 8 © 10 =
x 0.1+ V|N= 6V ~ 6 Y/ - ’/
9( -0.2 N 4 //
S AN v 5
-0.3 VIN=2.7V—IN 2 ,l
04 11111 , 0
0 500 1000 1500 2000 0 0.5 1 1.5 2 1 1.5 2 25 3
lout (MA) lout (A) lout (A)
EVBL2166-D-00A Rev. 1.1 www.MonolithicPower.com 5
9/21/2020 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2020 MPS. All Rights Reserved.



mE EVBL2166-D-00A — 6V, DUAL 2A/2A OR 3A/1A, SYNCHRONOUS BUCK EV BOARD

EVB TEST RESULTS (continued)
Vin = 5V, Vour1 = 1.8V, Vourz = 1.2V, L1 = L2 = 1.5yH, Fsw = 2.25MHz, Ta = 25°C, unless otherwise
noted.

Steady State Steady State Steady State
IOUT1=IOUT2=O’ AAM Mode IOUT1=|OUT2=0' Forced CCM Mode IOUT1=IOUT2=2A
s - e T ——— " 1 i d it
Vout2/AC : : Vo 1o/ AC
I : ‘ oUT2/AC kg i WP e iy oy ol VoUT2/AC iy, i, oy Vs A
10mV/div. 1omvidiv. F P : : 1 omvrdiv. - \ E
o o ] e .
L2 g} L2 ' . .
200mAvdiv. | soomavaiv. 1AG. | L : |
Vsw2 et : v : :
ol o : SW2 v : ;
SVION: Pt masrccosssecerossd 5VIdiv SV, D e L
VOUT1/AC R : : V, IAC ' f ;
) i ouT1 VouT1/AC E i P 4 WWW
10mV/div. ll?Ilw ! I f W 10mV/div. - 10mV/div. : f
1 f Lo ' IL1 g} IL1 N M S o 0 0
200mA/div. ~ o i 500mA/div. 1A/div. : :
Vews bt S PPN PP x rl “:” o
h . . T . | sz1 V
SVIOW.BE i TR 5Vdiv. T 5Vl © T T
1ms/div. 400ns/div. 400ns/div.
Steady State Start-Up through VN Start-Up through V|N
IOUT1=3A' IOUT2=1A IOUT1=IOUT2=O‘ AAM Mode IOUT1=|OUT2=0‘ Forced CCM Mode
Vour2/ACH Vi JE — b .....J"_" — e
ki IN b T b i o
omvidiv. o 5V/div.@ p ’\5/V/d|v_@ ol R S o
I b gt VOUT2 liaimiiicaiias oo 1\(/)/%1,2@ ——
1A/dIV“ 1V/div. . . . . IL2‘ i
SR ot ia s Tu RN aRE coomaclZ
Vswali 500mA/div. V.
5V/div. bt TR Vsw2 ok " canpstes 5\/%\’\,2 ] e :
P i 5V/div. C e ' ’ S
VOUT‘I/AlCBi“” ..... RO S S T Vour, | Voun R T U
2mV/div. | i \Fl'" \ # ) \‘ I 1“ ' 1V/div. P U ST SR e 1V/div. Bl o
I 1 ILg | : 'I.l"ud bbbl L1 o
1A/ 1 500mA/div, i IR R Ll et 500mA/div. ]
Vv : ; Vswi !
5\\//%\/\/1 % : 5\/%\’\,1‘ i : LA T 5V/div. Tttt MJH
200ns/div 400ps/div 400ps/div
Start-Up through V|N Start-Up through V|N Shutdown through VN
lout1=lout2=2A lout1=3A, lloyr2=1A lout1=lout2=0, AAM Mode
y W T T y /u-""-—"‘ .....
IN . - " - ’ IN . V
s5v/div. Bl ' S anrEr Vi ot ] 5V/di|\,;‘.@"”
1Vidiv. : o 2A/d|i-\/2.@ 4 VOUTZ :
||_2 B 1V/div. .
Va2 [ 1\\,//div'@ ; 50mA/div. ‘L—\--v——v-—u._ e
i SW2[T il \Y EDOMAASAR RIS e
5V/div. SV/diV.r‘ 2V?&,Y\/2nl :
Vouri | Vi
/div. . S ZA/dIi-\l 1\c/)/L(inT\;m.... T
L1 : A Vouril L s ; :
SW1 A V. i " ] ! Vswi1 Lo ey
5V/div. : A . avidi. ,
400ps/div 400us/div 200ms/div
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mE EVBL2166-D-00A — 6V, DUAL 2A/2A OR 3A/1A, SYNCHRONOUS BUCK EV BOARD

EVB TEST RESULTS (continued)
Vin = 5V, Vour1 = 1.8V, Vourz = 1.2V, L1 = L2 = 1.5yH, Fsw = 2.25MHz, Ta = 25°C, unless otherwise

noted.
Shutdown through VN Shutdown through V|N Shutdown through V|N
IOUT1=IOUT2=0‘ Forced CCM Mode IOUT1=IOUT2=2A IOUT1=3A‘ IOUT2=1A
V_lN ” T T T L 0 A V|N T - fﬁ T e
5V/d|v.F__ svidiv. f i v
Vourz* S - : IN
1V/div. Vout2 fo.: TR W 2V/div.
I 1Vidiy, [ Vour2 B
500mA/div. ok P 1Vidiv. |,
2A/div. L2
Vewa 5\\//?(\;.\/2 10/d|v. -
5V/div. v RN svidne
VouTt Vouti : V,
1VIdiv. 1Vidiv. bt id
|!_1 - ||._1 - |L1 [
500mA/div. : 2A/div. ~ R 1A/div. L
Vw1 ot ] Vewi i e T T | .
5Vidiv. 5V/div. s

200ms/div.

Start-Up through EN
lout1=louT2=0, AAM Mode

10us/div.

Start-Up through EN
lout1=louT2=0, Forced CCM Mode

20ps/div.

Start-Up through EN

lout1=louT2=2A

‘ : ren
V, )i : V, VEN P Z
EN " EN |. 2Vidiv. foooot L R
2V/div. 2V/div. _ v a ¢ :
3 g OouT2
Voura Vourz Widiv. |
Vidv. Vidiv. @ o
Lo e e L2 iv. @
500mA/div. || | soomavaiv 2\/7 div.
Vawz b jor Vsw2 i) svidh:
5v/div. ™ i 5V/div. :
Vour1 Vourt Vour1

1V/CfiV- i ¥ 1V/div. B . J | ) 1V/div. B ————

L1 ] L1 L L1 P

s00mAvaiy, P n 1 s00mAVdiv. e 2AVdiv, P JooE
5V%|I¥V1_ [ " L. .ml 5V iy, Ty au 110 OO 0 10 0 O 5V/div. T L

200us/div

200us/div

200ps/div

Start-Up through EN

lout1=3A, lout2=1A

Shutdown through EN
IOUT1:|OUT2:0‘ AAM Mode

Shutdown through EN
IOUT1:|OUT2:0’ Forced CCM Mode

—————— I TT———.
VEN : : Co : :
Idiv, | et o] 2V\/{;FN o Sl D i
. N . . . .
Voura T — VOUTzﬁ' : SRR S :
ka'LVZ'@—lJ' ; Widv. | S 1
1A/div L2f
Vsw2 50mA/div. ™
5V/div.
Vourt :
1V/div. e i
g™ I L1 :
1A/div. 50mA/div. : e . 500moldlv.
Vswi fip \Y b, : SW1
5V/div. Vi " S 5V/div.
2ms/div 2s/div 2s/div
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mE EVBL2166-D-00A — 6V, DUAL 2A/2A OR 3A/1A, SYNCHRONOUS BUCK EV BOARD

EVB TEST RESULTS (continued)
Vin = 5V, Vour1 = 1.8V, Vourz = 1.2V, L1 = L2 = 1.5yH, Fsw = 2.25MHz, Ta = 25°C, unless otherwise

noted.
Shutdown through EN

lout1=lout2=2A

VEN
2V/div. z

Voutz2

5V/div.

Vourt :
1V/div. AP

IqE
2A/div. B

Vsw1

5Vv/div.

20ps/div.

SCP Entry

louT1=louT2=0, Forced CCM Mode

Vourtz
1V/div.

2ms/div

SCP Recovery
IOUT1=|OUT2=0’ AAM Mode

Vour2

1v/div. B ‘
'ng\.....J - L.' -

5A/dIV. : b o ,
Vsw2 : H—
BVIdiv. Tt s
Vour: | :
1V/div. “F "" 0oL
L1 :

5A/div. : 1 Sy :
Vw1 : R

5V/div. ™
1ms/div

Shutdown through EN

lout1=3A, loyt2=1A

T

5V/div.

Vout1
1V/div. -

5V/div.
20pus/div.

SCP Entry

lout1=louT2=2A

Voura Friio i i
1V/div.[3 : : :

Lok I
5A/div_@lm| II B
Vswar

5V/div.

Vout1
1V/div.

ILq
S5A/div.™

2ms/div

SCP Recovery
IOUT‘]:IOUTZ:O’ Forced CCM Mode

Vourt2
1V/div. |

5V/div.

VouT1 g},
V/div.

Vw1,
5V/div.

1ms/div

SCP Entry

VouT2
1V/div. B

I 2
5A/div. ]

Vswa g
5V/div. o

Vour1
1V/div.

||_1 .
5A/div. Pp

Vw1 .
5V/div.

2ms/div.

SCP Entry

louT1=3A, loyT2=1A

Vout2 |
1V/div. g} :

5A/div. S : ]
Vsw2 S |

R
5V/div.
2ms/div

SCP Recovery

lout1=louT2=2A

Voura b
1V/div. ]

Vw2
5V/div. ™|

T
1V/div. B T

Iy, :
S5A/div. | T

Vswi “ Ill Ill
5V/div. "

1ms/div

EVBL2166-D-00A Rev. 1.1
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mE EVBL2166-D-00A — 6V, DUAL 2A/2A OR 3A/1A, SYNCHRONOUS BUCK EV BOARD

EVBT

Vin = 5V, Vourt = 1.8V, Vourz = 1.2V, L1 = L2 = 1.5pH, Fsw = 2.25MHz, Ta = 25°C, unless otherwise

noted.

Voutz

1V/div.
Vw1

5V/div. |

L1
S5A/div.

1V/div. B

EST RESULTS (continued)

SCP Recovery SCP Steady State
lout1=3A, loyr2=1A
e
|
2n/alv. B
oot ML
o |
2A/div. ]

Vswz

5V/div. T

2ms/div. 400ps/div.

Load Transient
IOUT1 =0to 3A, IOUT2:O to 1A,

Load Transient
lout1=louT2=1 to 2A, AAM Mode,

1.6A/uS Speed

1.6A/uS Speed

[
Vout1/AC

Vout1/AC .,

100mV/div. -

1 200mv/div.

Vswi
5V/div. b

Vout2/AC

100mV/div. [T

100mV/div.

IL1
2A/div. By

Vswi
5V/div.

Vswa &

5V/idiv.

Load Transient
lout1=louT2=0 to 2A, AAM Mode,
1.6A/uS Speed

VouT1/AC 3

1 200mv/div. |

Vswi1
5V/div.

Vout2/AC

100mVrdiv. |

u

Io

2A/div. B

Vsw2

5V/diy, " EEEEEEE

Load Transient
IOUT1:1 510 3A, IOUT2:0'5 to 1A,

VouT1/AC 4

1.6A/uS Speed
T

IL1
1A/div.

Vswi
5V/div.
Vour2/AC
100mV/div. @
Lo

1A/div.

Vg
5V/div.

100us/div
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mE EVBL2166-D-00A — 6V, DUAL 2A/2A OR 3A/1A, SYNCHRONOUS BUCK EV BOARD

PRINTED CIRCUIT LAYOUT

B olololofolol
clolololo)o)
Slololofolo)

oloJololalos
BOROOG
OEROOO

Figure 1: Top & TOP Silk Layer Figure 2: Inner1 Layer

Olojofololofols
BOOOOG
BOOOOO

.olojolololo)

loJofolofolc)
0lololofola)

@ [
Figure 3: Inner2 Layer Figure 4: Bottom & Bottom Silk Layer
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mps EVBL2166-D-00A — 6V, DUAL 2A/2A OR 3A/1A, SYNCHRONOUS BUCK EV BOARD

QUICK START GUIDE

1.

Connect the positive and negative terminals of the load to the VOUT and GND pins, respectively.
Be aware that electronic loads represent a negative impedance to the regulator and if set to a too
high current will trigger Hiccup mode.

Preset the power supply output to expected value (2.7V-6V), and then turn it off.

Connect the positive and negative terminals of the power supply output to the VIN and GND pins,
respectively.

Turn the power supply on (the MP/MPQ2166GD will automatically startup).

To get better EMI performance, add the EMI components at bottom layer of the board and connect

the input power supply between VEMI and GND.

To use the Enable function, apply a digital input to the EN pin. Drive EN higher than 1.6V to turn on
the regulator, drive EN less than 0.4V to turn it off. EN can also be connected to VIN directly if don’t
use the Enable function.

A resistor is connected between FREQ and GND to set up the internal oscillator frequency. FREQ
can also be used to synchronize the internal oscillator to an external clock. The rising edge of the
channel 1 clock is synchronized to the external clock rising edge, while the channel 2 clock remains
at 180° out-of-phase to channel 1. The recommended external SYNC frequency is in the range of
350kHz to 3MHz.

8. An AAM mode or forced CCM mode can be selected at JP1.

10.

The soft-start time can also be programmed by an external capacitor connected to SS, shown in
Equation (1):

Css (nF) X Vier (V)

lss (UA)
Where Cssis the external SS capacitor, Vrer is the internal reference voltage (0.6V), and Iss is the 3.2uA
SS charge current. The soft-start time is about 0.5ms when SS pin is floating.

Use R6(R8) and R18(R12) to set the output voltage with Ves=0.6V. For R6(R8)=100kQ, R18(R12)
can be determined by:

tss (ms) =

R6(R8)

Your _4

0.6

Follow the Application Information section in the device datasheet to recalculate the compensation,
inductor and output capacitor values when output voltage is changed.

R18(R12)=
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