DESCRIPTION

The EVQ4431-L-00A evaluation board is
designed to demonstrate the capabilities of the
MP4431 and the MPQ4431.

The MPQ4431 is a frequency-configurable
(350kHz to 2.5MHz), synchronous, step-down
switching regulator with integrated, internal
high-side and low-side power MOSFETs. It
provides up to 1A of highly efficient output
current with current mode control for fast loop
response.

The MPQ4431 employs advanced
asynchronous mode (AAM) to achieve high
efficiency under light-load conditions by scaling
down the switching frequency. This reduces the
switching and gate driving losses.

The EVQ4431-L-00A is a fully assembled and
tested evaluation board, it generates 3.3V of
output voltage at load currents up to 1A from a
3.3V to 36V input voltage range with 450kHz
switching frequency.

The MPQ4431 is available in a QFN-16
(3mmx4mm) package.

ELECTRICAL SPECIFICATIONS

EVQ4431-L-00A

36V, 1A, Low Quiescent Current,

Synchronous Step-Down Converter

Evaluation Board

FEATURES

o Wide 3.3V to 36V Operating Input Voltage

Range

1A of Continuous Output Current

1pA Low Shutdown Mode Current

10pA Sleep Mode Quiescent Current

Internal 90mQ High-Side and 80mQ Low-

Side MOSFETs

e 350kHz to 2.5MHz Configurable Switching
Frequency

e Synchronize to External Clock,

Selectable In-Phase or 180° Out-of-Phase

Power Good Indicator

Configurable Soft-Start Time

80ns Minimum On Time

Selectable FCCM and AAM

Low-Dropout Mode

Over-Current Protection with Valley Current

Detection and Hiccup Mode

Thermal Shutdown

Available in a QFN-16 (3mmx4mm)

Package

e Available with Wettable Flanks

e AEC-Q100 Grade 1

APPLICATIONS

Parameter Symbol Value |Units e Automotive Systems

Input voltage Vewm 33t036 | V  Industrial Power Systems

OUtPUt VOItage Vour 3.3 v A_II MPS parts are lead-free, halogen-free,_ _and adhere to the RoHS

Output current lour 1| A Grecive o MPS aioen sats, lease il i MPS webse under
trademarks of Monolithic Power Systems, Inc. or its subsidiaries.
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mps EVQ4431-L-00A - 36V, 1A, STEP-DOWN CONVERTER EVALUATION BOARD

EVQ4431-L-00A EVALUATION BOARD

Efficiency vs. Load Current
Vour = 3.3V, AAM

o : 190% T 0.60
¢ vern 900/2 1l 0.54
0,
P e o
GND N &} 0, :
D @1 |2 vout (@b ;802 | - 036 =
3 > 65% v Z
G 60% ﬁL‘ i 0305
GND @-" LI_J gg:/ﬁ; e \/IN=8V 0.24 §
S 7500 IL e \VIN=12V =
E 45% - 018 &
&5 40 % w—\/IN=24V

35% s \/IN=36Y 0129

30 ¥ Rl i ooe

LxWxH (8.9cmx8.9cmx2cm) 20% 0.00

0.1 1 10 100 1000
Board Number MPS IC Number LOAD CURRENT (mA)
MP4431GL
EVQ4431-L-00A '
MPQ4431GL
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mps EVQ4431-L-00A — 36V, 1A, STEP-DOWN CONVERTER EVALUATION BOARD

QUICK START GUIDE

1.

Preset the power supply (ViN) to be between 3.3V and 36V.

Note that electronic loads represent a negative impedance to the regulator. If the current is set too
high, hiccup mode may be triggered.

2. Turn the power supply off.

If longer cables (>0.5m total) are used between the source and the evaluation board, a damping
capacitor should be installed at the input terminals, especially if Vin = 24V.

3. Connect the power supply terminals to:

a. Positive (+): VEMI
b. Negative (-): GND
4. Connect the load terminals to:
a. Positive (+): VOUT
b. Negative (-): GND
Turn the power supply on after making the connections.
To use the enable function, apply a digital input to the EN pin. Drive EN above 1.05V to turn the
device on; drive EN below 0.93V to turn it off.

7. The IC’s oscillating frequency can be configured by an external frequency resistor (Rrreq). Rrrea

can be estimated with Equation (1):
170000
R = 1
FREQ( ) fSW1.11(kHZ) ( )

8. To use the sync function, apply a 350kHz to 2.5MHz clock to the SYNC pin to synchronize the
internal oscillator frequency to the external clock. The external clock should be at least 250kHz
above the frequency set by Rrreq. The SYNC pin can also select forced continuous conduction
mode (FCCM) or advanced asynchronous mode (AAM). Drive SYNC high before the chip starts up
to choose FCCM; drive SYNC low (or leave it floating) to select AAM.

9. The output voltage is set by the external resistor divider. The feedback resistor (Rrg1) also sets the
feedback loop bandwidth with the internal compensation capacitor. For different output voltages,
Rre1 and Rrg2 can be calculated with Equation (2):

R
R, = 2
VOUT -1 (2)
0.8V
Figure 1 shows the resistor divider set-up.
MP/MPQ4431
Rrg1
FB gw\ﬁ Vour
Reg2
Figure 1: Resistor Divider Set-Up
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mps EVQ4431-L-00A - 36V, 1A, STEP-DOWN CONVERTER EVALUATION BOARD

Table 1 lists the recommended feedback resistor values for common output voltages.

Table 1: Recommended Resistor Dividers

Vout (V) | Ree1 (kQ) | Rrs2 (kQ)
1.8 412 (1%) | 33 (1%)
2.5 41.2 (1%) | 19.6 (1%)
3.3 412 (1%) | 13 (1%)
5 41.2 (1%) | 7.68 (1%)
12 41.2 (1%) | 2.94 (1%)
EVQ4431-L-00A Rev. 1.0 MonolithicPower.com 4
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EVALUATION BOARD SCHEMATIC

R5 for EMC
RS

____________________ 1 CIN9 is for damping
L1 - 200
: 3':?(\;’\/“’ 1uH 47uH| theinput C and L ) Ut - TO%F L
. . . I
VEMIO CINS cN7l cing | C1A ] CiB [ ¢ic [ cip N BT w310 SR out
| _LCINT_L CIN2_| CIN3.L_ CIN4_L_ 1uF _L_CIN6 4.7uEL4.7yF  I+CING 10WF | TOuF | 0.1pF | 0.1uF C2A [ C2B
NS NS NS NS [0805] NS 12107 1210 22uF T 1210 | 1210 | 0603 | 0603 —L22uEL 22pE] C2C
50V 50v | s0v || 63V | s0v | sov | 50V | 50v &> R! 1210 1210 NS
| GNDO1— T 100kQ 25V | 25V OGND
| = Input EMI Filter = = = MPQ4431GL =
____________________ I ENO 1.05v 51 en Fe 1 R3
0.12V Hyst 100
R2
NS Vour (V) | R7(kQ) | RS (kQ)
1.8 412(1%)| 33 (1%)
SYNC O 8 Isyne Connect to 5V to 18V 25 212 (1%)| 196 (1%)
8 or float if not used
BIAS 33 41.2(1%)| 13 (1%)
R4 fsw 1 PHASE i c7 5 41.2(1%)| 7.68 (1%)
249kQ 350kHz I‘”“F High if Vour 12 412 (1%)| 2.94 (1%)
169K 500KHZ 16| FRE 7 = within £10%
Q PG 0 PG
82kQ 1MHz RS
36.5k0 2MHz s % % 100kQ
31.6kQ 2.2MHz L < yecH2
27kQ 2.5MHz c6
) 2 ° ImF
SS float: 700ps —
Css = 4.70F: 700ps = =
10nF: 1.1ms
22nF: 2.42ms
tss = Css (nF) x 0.11ms
Figure 2: Evaluation Board Schematic
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EVQ4431-L-00A BILL OF MATERIALS

Qty Ref Value |Description Package | Manufacture Manufacturer P/N
1 CIN5 14F )C()sgmic capacitor, 50V, 0805 Murata GRM21 BR7L1 H105KA12
CIN7, CINS, Ceramic capacitor, 50V, GRM21BR71H475KE11
4 C1A. C1B 4. 7uF X7S 0805 Murata L
1 CIN9 22uF Electrolytic capacitor, 63V SMD Jianghai VTD-63V22
2 | c1c. c1D 0.1uF )C();r:mic capacitor, 50V, 0603 Murata GRM188R7D‘IH1O4KA93
2 | coA c2B 22uF )C()sgmic capacitor, 16V, 1210 Murata GRM32ER7L1 C226KEAS8
1 c3 4.7nF Ceramic capacitor, 50V, 0603 Murata GRM188R71H472KA01
X7R D
2 C4. C7 0.1uF Ceramic capacitor, 16V, 0603 Murata GRM188R71C104KA0Q1
X7R D
1 c5 10pF | Soramic capaciter, 50V, 0603 Murata | GRM1885C1H100JA01
1 c6 14F Ceramic capacitor, 16V, 0603 Murata GRM188R71C105KA12
X7R D
CIN1, CINZ2,
6 | CIN3, CIN4, NS
CING, C2C
Inductor, VCTA20161B-1ROMS6-
1 L1 1uH DCR = 41mQ, 3.1A SMD Cyntec 89
Inductor, VCTA25201B-4R7MS6-
1 L2 4.7uH DCR = 165mQ, 1.7A SMD Cyntec 89
Inductor,
1 L3 10uH DCR = 48.6mQ, 3.7A SMD Cyntec VCHA042A-100MS6-89
2 R1, R6 100kQ |Film resistor, 1% 0603 Yageo RCO0603FR-07100KL
1 R3 10Q Film resistor, 1% 0603 Yageo RCO0603FR-0710RL
1 R4 191kQ |Film resistor, 1% 0603 Yageo RCO0603FR-07191KL
1 R5 20Q Film resistor, 1% 0603 Yageo RCO0603FR-0720RL
1 R7 41.2kQ | Film resistor, 1% 0603 Yageo RCO0603FR-0741K2L
1 R8 13kQ Film resistor, 1% 0603 Yageo RCO0603FR-0713KL
1 R10 1kQ Film resistor, 1% 0603 Yageo RCO0603FR-071KL
1 R12 11kQ Film resistor, 1% 0603 Yageo RCO0603FR-0711KL
1 R2 NS
QFN-16
1 U1 MPQ4431 | Step-down converter (3mmx MPS MPQ4431GL
4mm)
VEMI, GND, . .
4 VOUT, GND Test point | 2.0 golden pin DIP Any
EN, GND,
5 SYNC, Test point | 1.0 golden pin DIP Any
GND, PG

EVQ4431-L-00A Rev. 1.0

5/27/2021

MonolithicPower.com

© 2021 MPS. All Rights Reserved.

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.




mps EVQ4431-L-00A - 36V, 1A, STEP-DOWN CONVERTER EVALUATION BOARD

EVB TEST RESULTS

Performance curves and waveforms are tested on the evaluation board. V\y = 12V, Vour = 3.3V,
L = 10pH, fsw = 450kHz, Ta = 25°C, unless otherwise noted.

Efficiency vs. Load Current
Vourt = 3.3V, AAM

Efficiency vs. Load Current
Vout = 3.3V, CCM
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EVQ4431-L-00A Rev. 1.0 MonolithicPower.com 7
5/27/2021 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2021 MPS. All Rights Reserved.



mps EVQ4431-L-00A - 36V, 1A, STEP-DOWN CONVERTER EVALUATION BOARD

EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board. V\y = 12V, Vour = 3.3V,
L = 10pH, fsw = 450kHz, Ta = 25°C, unless otherwise noted.

Steady State Steady State
Vin =12V, Vout = 3.3V, lout = 0A, AAM Vin =12V, Vour = 3.3V, loutr = 0A, CCM
LT
CH3: Vps CH3: Vpe
B
CH1:Vsw [T iy NI, --.--3| CH1: Vsw . . ‘ : . ‘
CH2: &} 1N b N E CH2: 2 / e Wa
Vout/AC E : T L , : : Vout/AC i : : o
H4: I R : S CH4: 1L , , R
B = [ LN N / f
| : : 7 ' ‘ : ‘ : —‘ 3 \.’\f;\ \;\;\ \f"\ \,
EnaEOE Ve AT e I I L e 1R T
Steady State Start-Up
Vin =12V, Vout = 3.3V, lout = 1A Vin =12V, Vour = 3.3V, lout = 0A, AAM
CH3: Vpg
K
CH3: Vin
CH1: Vsw CH1:Vsw T
CH2:  Job™ /™ 7o BV AVAVAY: I I S
Vout/AC /\/\/\ I
\/\’: : ' ' CH2: Vour Z e — !
CHa:i || : 7 7 cha S l :
o B Ha:l Bt L [
CRil 5.00V  W@iE 10.0mv uM 2;0‘0115. IA.I.':"‘1 ATy Chil™Si00V WCha| 200V LM 300us Al Ch3 & 5.0 V]
Ch3[ 5.00V &IChd 1.00 A G Ch3[ 5.00V F\-n S00MA $25
Start-Up Start-Up
Vin =12V, Vour = 3.3V, loutr = 0A, CCM Vin =12V, Vout = 3.3V, lout = 1A
CH3: Vi CH3: Vin
CH1:Vsw CH1:Vsw
CH2: Vour CH2: Vour
CH4: IL CH4: IL
Chi[ 5.00V  &f@# 2.00V :---M 400ps| Al Ch3 £ 5.00V r)cm\ é.oov WCh2[ 2.00 V 'M 400us| Al Ch3 7 5.00 V|
Ch3| 5.00V &Ch4 1.00 A QB C|'I3‘ 5.00 V W@GE] 2.00 A Q6
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mps EVQ4431-L-00A - 36V, 1A, STEP-DOWN CONVERTER EVALUATION BOARD

EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board. V\y = 12V, Vour = 3.3V,
L = 10pH, fsw = 450kHz, Ta = 25°C, unless otherwise noted.

Shutdown Shutdown
Vin =12V, Vout = 3.3V, lout = 0A, AAM Vin =12V, Vour = 3.3V, loutr = 0A, CCM
. . L1} . . . . .
CH3: Vi CH3: Vin
CH1: Vsw CH1:Vsw
CHZ:Vour B [ ot — CH: Vour
cha:. |P - CH4: IL
chil 5.00V T PR TR (KT A Chi v 5.00 Y
Ch3| 5.00V Bw S00mMA 28 C|13\ 5.00 V &EEE] S00mA Qi
Shutdown EN On
Vin =12V, Vout = 3.3V, lout = 1A Vin =12V, Vour = 3.3V, lout = 0A, AAM
o
< CH3:Ven  [faf———dl ||| ‘
CH3: Vi
CH1: Vsw CH1:Vsw
CH2: Vour ] CH2: Vour &3
CH4: I 1M
7 I 7 e . ——r CH4: IL - L _
Ch1| 5.00V ®Ch2 2.00v %M[10.0ms A Ch3 * 5.00 Y Chil 5.00V ®Cha| 2.00V %M 400ms| A Ch3 # 2.00 V)
Ch3| s5.00V Bl-l 2.00 A QF C|~|3‘ 2.00V P|-|@ S500maA Q84
EN On EN On
ViNn = 12V, Vout = 3.3V, lout = 0A, CCM ViN =12V, Vout =5V, lout = 1A
< <
CH3: Ven = CH3: Ven
CH1:Vsw |4 CH1:Vsw
CH2: Vour [Pt B SRR ] CH2iVour [
CH4: I B , w R — po— CH4:IL |2 .
Chi1l 5.00V_®Ch2[ 2.00V %M[400us| Al Ch3 S 2.00V EhilS00V WCha| 200V GM d00us| A Ch3 7 2.00 V|
Ch3] 2.00V Fm 1.00 A <284 Ch3] 2.00V P\.,zjg 2.00 A Qb
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mps EVQ4431-L-00A - 36V, 1A, STEP-DOWN CONVERTER EVALUATION BOARD

EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board. V\y = 12V, Vour = 3.3V,
L = 10pH, fsw = 450kHz, Ta = 25°C, unless otherwise noted.

EN Off EN Off
Vin =12V, Vout = 3.3V, lout = 0A, AAM Vin =12V, Vour = 3.3V, loutr = 0A, CCM
e e Ly
CH3: Ven CH3:Ven |3 ”H ‘
CH1: Vsw CH1:Vsw ] ,. et P
CH2: Vour 2 1: : . R o - CH2: Vour 2
L : : S »-’:.}: \‘
CH4: I ST T T T L CH4: I prite ' :
Chil 5.00V #&cCh2[ 2.00V %M20.0ms A Ch3 Y. 2.00V Chil 5.00V %Ch2| 2.00v wM[10.0ps| A Ch3 v 2.00
Ch3| 2.00V Bw 500mA Ch3[ 2.00V Fs,. S500mA <261
EN Off SCP Entry
Vin =12V, Vout = 3.3V, lout = 1A Vin =12V, Vour = 3.3V, lout = 0A, AAM
S A T -
: : ‘ : :
CH3: Ven  |=:{|jIHIM i CH3: Vee
’H il
CH1:Vsw H ]HH CHI:Vsw  Jif oo e
CH2: Vour [N o T CH2IVOur 2 e
I - - Y : : eV E
CH4: I B ) 7 o B ) CH4: I o l
Chi[75.00V &ch2[ 2,00V &M[40.0us. Al Ch3 % 2.00 Chil 5.00V WCh2 2,00V GM2.00ms A Chz v 2.00 ¥
Ch3l 2.00V F-,. 1.00 A 84 5.00V_ &iCh4l 2.00 A QR
SCP Entry SCP Entry
Vin =12V, Vour = 3.3V, loutr = 0A, CCM Vin =12V, Vout = 3.3V, lout = 1A
B
CH3: Vpe CH3: Vpe
CH1:Vsw CH1: Vsw
CH2:Vour | : e e CH2:Vour 21 1 el  RREEEREETT
TUUVETORE IO T SO TN R DU E N N N RN
CHa: 1, MR [ i | o CH4: I S L
Ch1[ 5.00V_&cCh2[ 2.00V ~M2.00ms A Ch2 . 2.00V ChiS00V  WCha| 200V  GMZ.00ms A Chi % 2.00 V|
Ch3[ 5.00V Bw 2.00 A 56 ch3[ 5.00V P\,m_ﬂ 2.00 A 98
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EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board. V\y = 12V, Vour = 3.3V,

L = 10pH, fsw = 450kHz, Ta = 25°C, unless otherwise noted.

SCP Steady State
Vin =12V

SCP Recovery
Vin =12V, Vout = 3.3V, loutr = 0A, AAM

]

CH3: Vpe CH3: Vpe
CH1: Vsw — CH1: Vsw |
R SRR - .
CH2: Vour \E— .................. r——— e CH2: Vour -4_ .........
CH4:l.  [ot— o o : CH4: I e i e T
Chil 5.00V  ®Ch2| 2.00V &M]1.00ms A Chl v 5.00V r’chﬂ S.00V 8jCh2| 200V A&M2.00ms A Ch2 £ 2.00 V|
Ch3| 5.00V 5'-1 2.00 A 8 Ch3[ 5.00V Bw 2.00 A OQFy
SCP Recovery SCP Recovery
ViN =12V, Vour = 3.3V, loutr = 0A, CCM Vin =12V, Vout = 3.3V, lout = 1A
T T T T v T e . = o
CH3: Vps CH3: Vpe
CH1:Vsw CH1:Vsw
CH2: Vour T CH2: Vour
CH4:IlL o~ et ) ) e B M pmaesioni] CHa:lL |ob— e i A j
Chi[ 5.00V ®Ch2 .00V «M2.00ms A Ch2 7 2.00V r,chu S.00V  8Ch2| 2.00V  4M[2.00ms A Ch2 J 2.00V
Ch3[ 5.00V ﬁ;l 2.00 A Qi C|13‘ 5.00V 9».! 2.00 A 8y
Load Transient Cold-Crank Conditions
Vin =12V, Vour = 3.3V, lout = 0.5A-1A Vin =12V to 3.3V to 5V, lout = 0A, AAM
CH2: I b - . iRt - M Y
Vout/AC : : : CH3: Vin ! ;
I - 3 155 P s S [EEREREEE R
: : ; =T ] |
s : CH1: Vaw AR U S S ST ST S ST
R :
------ - ottt
CH2: V et
CH4:lour | : : ; out
e CH4: I
®iF S50.0mVuaM100us A[ Cha & S00mA éi,'”' "5_'0'0' ;,; WEEE 200 v ”.M|40_0m's' 'A'! 'dﬁ' - ;7,00\;,
Shal_S00maA 25 Chal S.00V _&ichdl S00mA odl
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mps EVQ4431-L-00A - 36V, 1A, STEP-DOWN CONVERTER EVALUATION BOARD

EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board. V\y = 12V, Vour = 3.3V,

L = 10pH, fsw = 450kHz, Ta = 25°C, unless otherwise noted.

Cold-Crank Conditions
ViN =12V to 3.3V to 5V, lout = 1A

VIN Ramp Down and Up
Vin =18V to 3.3V to OV to 3.3V to 18V,
lout = 0A, AAM

CH3:Vin |- S @ = 1 o : ‘ ‘
CH3: Vin : I :
CH1:VSW 3 + TR - i ; -+ :
CHi:Vsw ot L HCIEINJIEPETE L
CH2: Vour : :
Ccha: CH2:Vour b ...0.. ..o . = o
Ch1T500 v Wchal 200 M40.0ms A Chs v 7.00 v cnal \ '.5'0'0' i/. “WcCh2| 2.00V M 10.05| Al d-q;”x' 6.0 Y
Chal _S.00v SR 1.00A R Ch3[ 5.00V__&Ch4[ 1.00 A O6 ’ ‘
VIN Ramp Down and Up Load Dump
Vin =18V to 3.3V to OV to 3.3V to 18V,
_ Vin =12V to 36V to 12V, lout = 1A
lout = 1A
CH3: Vin CH3: Vin
CH1: Vsw
CH1: Vsw
CH2: Vour |_.] CH4: I
CH4: 1L (Ch1_ is.'oo v: '%Hiﬁl 2.L:ld M| |0;.b s A\ Ch;SI'L 60V CH2: Vour Gl 10.0V ®Ch2| 2.00v  wM 100ms Al (-:l-1;3'_'r' ’ .2'0'.(')'\/
Ch3[ 5.00V_®Cha| 1.00 A &8 Ch3[ 10.0V &cCh4[ 1.00 A ©A
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PCB LAYOUT
@)

Figure 5: Inner Layer 2 Figure 6: Bottom Silk Layer and Bottom Layer
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REVISION HISTORY

Revision # | Revision Date | Description Pages Updated
1.0 5/27/2021 Initial Release -

Notice: The information in this document is subject to change without notice. Please contact MPS for current specifications.
Users should warrant and guarantee that third-party Intellectual Property rights are not infringed upon when integrating MPS
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