®

EVQ4576-QB-00A

60V, 0.6A, High-Efficiency, Synchronous

Buck Converter Evaluation Board, AEC-Q100

DESCRIPTION

The EVQ4576-QB-00A is an evaluation board
designed to demonstrate the capabilities of the
MPQ4576/MPQ4576-AEC1, a fully integrated,
fixed-frequency, synchronous step-down
converter. It can achieve up to 0.6A of
continuous output current (lour) with peak
current control for excellent transient response.

Advanced asynchronous modulation (AAM)
mode achieves high efficiency under light-load
conditions by scaling down the frequency to
reduce switching and gate driver losses.

The EVQ4576-QB-00A is a fully assembled and
tested evaluation board that generates up to 5V
of output voltage (Vour) and up to 0.6A of load
current from a wide 5V to 60V input voltage
range.

The MPQ4576 is available in a QFN-12
(2.5mmx3mm) package.

FEATURES

o Wide 5V to 60V Operating Input Range
0.6A Continuous Output Current (lour)

e High-Efficiency, Synchronous Mode Control

e  250mQ/45mQ Internal Power MOSFETs

o Up to 2.2MHz Configurable Switching
Frequency (fsw)

o 180° Out-of-Phase SYNCO Clock

e 40pA Quiescent Current (lg)

e Selectable Advanced Asynchronous

Modulation (AAM) Mode or Forced

Continuous Conduction Mode (FCCM)

during Light-Load Operation

0.45ms Internal Soft Start (SS)

Remote Enable (EN) Control

Power Good (PG) Indicator

Low-Dropout (LDO) Mode

Over-Current Protection (OCP)

Thermal Shutdown

Available in a QFN-12 (2.5mmx3mm)

ELECTRICAL SPECIFICATIONS iacﬁagle 1 AEC-Q100 Grade 1
- ° vallanle In - raae
Parameter Symbol Value |Units
Input voltage VEemi 5to 60 Vv APPLICATIONS
Output voltage Vout 5 Vv .
Output current lout 0.6 A * AUtomQtlve Systems
¢ Industrial Power Systems
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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EVQ4576-QB-00A EVALUATION BOARD

°® Efficiency vs. Load Current
Mmﬁws tm | Vout =5V, fsw = 400kHz, L = 15uH,
NPQ4575 Demo Board AAM mode
SOAX EVO45767$$AOOA ‘
wwwmonolithicpower.com ‘ 100
@ UEMI 1 9% | L
E { 80 / /
| rd
0.6A MAX. DC “ :\0\ 70 — / / Bl
vout 5wl A
i g 50
Ic:Bl %J 40 — F Vin=8V
( = 111 V!n=12V a
ono @) | E 30— Vin=12v
| 20 Vin=36V |
10 Vin=48V |
Vin=60V
0 :
1 10 100 600
LOAD CURRENT (mA)
LxWxH (8.3cmx8.3cmx1.3cm)
Board Number MPS IC Number
EVQ4576-QB-00A MPQ4576GQBE-AEC1
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QUICK START GUIDE

1.

Preset the power supply between 5V and 60V. Be aware that electronic loads represent a negative
impedance to the converter, which can trigger hiccup mode if the current exceeds 1.7A.

Turn off the power supply. If longer cables (>0.5m total) are being used between the source and the
evaluation board, install a damping capacitor at the input terminals. This is critical when V\y exceeds
24V.

Connect the power supply terminals to:
a. Positive (+): VEMI

b. Negative (-): GND

Connect the load terminals to:

a. Positive (+): VOUT

b. Negative (-): GND

5. After making the connections, turn on the power supply. The board should start up automatically.

To use the enable (EN) function, apply a digital input to the EN pin. Drive EN above 1.45V to turn
the converter on; drive EN below 1.12V to turn it off.

7. An external frequency resistor (Rrreq) sets the switching frequency (fsw). Rrreq can be estimated
with Equation (1):
30
R MQ)=—— 1
rrea (M42) fow (kHz) )
A bench test may be required to fine-tune the calculated resistance.

8. An external feedback resistor divider (R6 + R4) sets the output voltage (Vout). R6 + R4 also sets
the loop bandwidth via an internal compensation capacitor. Choose R4 to be about 40kQ. Then R5
can be calculated with Equation (2):

R4
RS = @)
VOUT -1
0.8
Figure 1 shows the feedback resistor network.
MPQ4576
5 R6 R4
FB Vour
R5
Figure 1: Feedback Resistor Network
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Table 1 lists the recommended feedback resistor values for common output voltages.

Table 1: Recommended Resistor Values

Vour (V) | R4(kQ) | R5(kQ) | R6 (kQ)
3.3 | 412(1%) | 13(1%) | 20 (1%)
5 412 (1%) | 7.68 (1%) | 20 (1%)
12 |41.2(1%) | 2.94 (1%) | 20 (1%)

9. Jumper points JP3 and JP4 can be used for external shielding above the inductor and IC. JP3 and
JP4 are not stuffed by default.

EVQ4576-QB-00A Rev. 1.0 MonolithicPower.com 4
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EVALUATION BOARD SCHEMATIC

External Frequency Spread Spectrum Circuit Option for

L1 L2 I CIN9 is for sampling the C
| 5V to 60V 240nH 4.7uH and L inputs Vin
| VEMI , — YT T
I | ciN1| ciN2] ciNg | ciNa| ciNs | ciNe J_CIN?J_CIN | Jicmg |cajcmlcic|cp
nF | 10nF | AnF [10nF[ 1uF [ 1uF 10uF | 10pF 220F T 10uF [10uF] 0.AuET 0.1uF
I GND D 0603 | 0603 | 0603 | 0603 | 0805 0805 11210 1210 :I 12450 | 12410} 0683 | 0503
lL £ Input EMI Filter = = | = = Vour (V) | R4 (kQ) | R5(kQ)
————————————————————— 33 412(1%) | 13 (1%)
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-1LF/0603= 20kQ R4 = = = = =
EN D 100V 121 EN B -
D2 R2 u1 RS 412kQ -
BZT52C5V6S NS MPQ4576 7.68kQ R11 fow
D = 3 5 R7 = FREQ 76.8kQ 400kHz
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49V 6 ceMr | 11 -
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= 1
= R18 0Q
B e — = ! 2 c11 R21
| EYa i
| " | 01uF 100 =
| = = =
| |
|
| _I_—1 GND vec |8 |
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| TRIG ke |
21 TRiG pis |- |
| cs U2 |
I I 6.8nF ICM7555IBAZ R12
1 . . Q|
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Lower EMI, NS by Default

Figure 2: Evaluation Board Schematic

EVQ4576
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EVQ4576-QB-00A BILL OF MATERIALS

Qty Ref Value |Description Package |Manufacturer Manufacturer PN
CIN1, C1IN3, Ceramic capacitor, 100V,
4 | “cod CoE (LI vt 0603 Murata | GRM188R72A102KA01D
CIN2, CIN4, Ceramic capacitor, 100V,
4 | “cop. G2k 10nF |50 0603 Murata | GRM188R72A103KA01D
2 | CIN5CIN6 | 1uF %rsam'c capacitor, 100V, | g5 Murata | GRM21BC72A105KEO1L
CIN7, CINS, Ceramic capacitor, 100V,
4 | “G1A c1B 100F |08 1210 Murata | GRM32EC72A106KE05L
1 CINO 22uF gc')e\ftro'yt'c capacitor, SMD | Panasonic EEHZC1K220P
3 | C1 %1%1 D. | 0.1uF g?g"m'c capacitor, 100V, g4 Murata | GRM188R72A104KA35D
2 | C2AC2B | 22uF ggg"mic capacitor, 25V, | 4154q Murata | GRM32ER71E226KE15L
2 C3,C9 14F gﬁg"mic capacitor, 25V, | g4 Murata | GRM188R71E105KA12D
2 ca, C7 0.1pF  |SSramic capaciior, 16V, | gg03 Murata | GRM188R71C104KA01D
1 cs 6.8nF | Soramic capacitor, SOV, | - gg03 TDK C1608X7R1H682K
2 | c10,c11 | 0A1uF )C(;'g"m'c capacitor, 16V, | 4497 Murata | GRM155R71C104KA88D
2 C5, C6 NS
1 L1 240nH | Inductor, 19mQ, 6.6A SMD Toko DFE201612E-R24M
1 L2 4.7uH |Inductor, 83mQ, 3.6A SMD Toko FDSD0402-H-4R7M
1 L3 15uH |Inductor, 109mQ, 3.7A SMD Coilcraft XAL5050-153MEB
3 | R1,R9,R10 | 100kQ |Film resistor, 1% 0603 Yageo RCO603FR-07100KL
3 | R2, JP2,R14 | NS
3 | R3,R7,R23 | 10kQ |Film resistor, 1% 0603 Yageo RC0603FR-0710RL
1 R4 41.2kQ |Film resistor, 1% 0603 Yageo RCO0603FR-0741K2L
1 R5 7.68kQ_|Film resistor, 1% 0603 Yageo RCO603FR-077K68L
1 R6 20kQ |Film resistor, 1% 0603 Yageo RC0603FR-0720KL
1 RS 0Q  |Film resistor, 1% 0603 Yageo RC0603FR-070RL
1 R11 76.8kQ |Film resistor, 1% 0603 Yageo RC0603FR-0776K8L
1 R12 11kQ |Film resistor, 1% 0603 Yageo RC0603FR-0711KL
1 R13 1kQ |Film resistor, 1% 0603 Yageo RCO603FR-071KL
R15, R16, . .
5 |Ri7 mis R1g| 0@  |Filmresistor, 1% 0402 Yageo RC0402FR-070RL
2 R20, R21 10kQ | Film resistor, 1% 0402 Yageo RC0402FR-0710RL
1 D1 56V |Zener diode SOD323 | Diodes, Inc. BZT52C5V6WS
1 u2 IMHz |Single timer/oscillator IC | SOIC-8 | . ntersl ICM7555IBAZ
(Renesas)
1 JP1 2.54mm |Test pin DIP Custom
VEMI, GND, .
4 GND, VOUT 2mm |2 golden pins DIP Custom
CCM/SYNCO,
5 | PG, GND, EN, 1mm |1 golden pin DIP Custom
GND
2 JP3, JP4 NS
1 U1 MPQ4576|Synchronous, step-down (2F5l:lnr1n2x MPS MPQ4576GQBE-AEC
-AEC1 |converter, 60V i
3mm)
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EVB TEST RESULTS

Performance curves and waveforms are tested on the evaluation board. Vi = 24V, Vour = 5V,
L = 15uH, fsw = 400kHz, Ta = 25°C, unless otherwise noted.

Power Loss vs. Load Current
fsw = 400kHz, L = 15uH ), AAM mode

Efficiency vs. Load Current
fsw = 400kHz, L = 15uH (), AAM mode

100 0.8 - .
90 — W‘Xv
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S — Bl in=
S o0 e A 05 | ——VinB0y
7__(—-—_ m V!n:12V i w |
S == Vin=24V 2 o0 . e
20 Vin=36V - Q ]
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Efficiency vs. Load Current Power Loss vs. Load Current
fsw = 400kHz, L = 15uH (), FCCM fsw = 400kHz, L = 15uH (), FCCM
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Efficiency vs. Load Current Power Loss vs. Load Current
fsw = 1MHz, L = 10uH @, AAM mode fsw = 1MHz, L = 10uH @, AAM mode
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EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board. Vi = 24V, Vour = 5V,
L = 15uH, fsw = 400kHz, Ta = 25°C, unless otherwise noted.

Efficiency vs. Load Current Power Loss vs. Load Current
fsw = 1IMHz, L = 10uH @, FCCM fsw = 1IMHz, L = 10uH @, FCCM
100 Vin=8y 14 Vin=8V Vin=12V
9 | ! Vin=24V Vin=36V
Vin=12v 1.2 Vin=48V Vin=60V
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_ 10} Vin=36V — 4 /| 10
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2 vy /1 / & os _—
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E 30 // // /A E 04 —
ol = = 2 o2
10 o —
0 0.0
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LOAD CURRENT (mA) LOAD CURRENT (mA)
Efficiency vs. Load Current Power Loss vs. Load Current
fsw = 2.2MHz, L = 4.7uH ®), AAM fsw = 2.2MHz, L = 4.7uH ©®), AAM
mode mode
100 1.2 y—
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> 60 et 0 Vin=60V =
[S] [} L —
Z 50 [_—T 5 S o6
S 40 %ﬂi——fﬁ, Vin=8v ] o
E Vin=12V Wy ]
m 30 Vin=24v 7] g /
20 Vin=36V ] o
10 Vin=48V | 02 - —
Vin=60V é//
0 ‘ 0.0
1 10 100 600 0 100 200 300 400 500 600
LOAD CURRENT (mA) LOAD CURRENT (mA)
Efficiency vs. Load Current Power Loss vs. Load Current
fsw = 2.2MHz, L = 4.7uH ®), FCCM fsw = 2.2MHz, L = 4.7uH ©), FCCM
100 12 r— r—
90 [ ——Vn-tv — 0 Vin=24V Vin-36V
i in= O Vin=48V Vin=60V
80 Vin=24V )77 " " ;
70 | vin=3v 7 A S o8 —
g 60} Vin=48V anl = -
i Vin=60V yo N/ 4u @
> 50 2 3 0.6 —
e 40 / / / |
g o 77 7 g ot
w o 0.2 —
10 7/)/
0 0.0
1 10 100 600 0 100 200 300 400 500 600
LOAD CURRENT (mA) LOAD CURRENT (mA)
Notes:
1) Inductor part number: XAL6060-153MEB/C; DCR = 43.75mQ.
2) Inductor part number: XAL6060-103MEB/C; DCR = 29.82mQ.
3) Inductor part number: XAL5030-472MEB/C; DCR = 36mQ.
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EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board. Vi = 24V, Vour = 5V,

L = 15uH, fsw = 400kHz, Ta = 25°C, unless otherwise noted.

Start-Up through VIN

lout = 0A, AAM mode

Start-Up through VIN
loutr = 0A, FCCM

CH3: Vin CH3: Vin
T ] CH2: Vour
CH2 VOUT E\ ............. AEH I8 | .
CH1: Vsw 1 ‘Im ﬂ | ] | l CH1: Vsw
CH4: 1L % CH4: IL
CRI[ 260V WCh2 2.00 v "SM2.00ms A Chi & 7.00V ChiT 166V WEIE 300V ;i.nM\2.0:0ms A Chi P 128V
EEE[ 10.0V ®wCha| 2.00 A G4 Ch3[ 70.0V 8jCha] 2.00 A Gn
Start-Up through VIN Shutdown through VIN
lout = 0.6A lout = 0A, AAM mode
—\ | | .
CH3: Viy CH3: Vi |of e
CH2: Vour . : : :
CH2: Vour |21 ”l“ ll :
CH1: Vsw CH1: Vsw i 1 ! "
[T CH4: I fafe '
CH4: I & - - - H : : ;
Chil T0.0V  #Ch2  2.00V  &M[1.00ms A Ch2 & 2.44 V) Chil 20.0V 8jCh2[ 2.00V &M10.0ms A Ch3 A 7.00 V|
cha 0.0V W@ 1.00A0H @EE 10.0 vV ®Cha] 2.00 A (o
Shutdown through VIN Shutdown through VIN
loutr = 0A, FCCM loutr = 0.6A
CHX:Vwn [B CH3: Vin
................. . ]
CH2: Vour
CH2: Vour 2
CH1:Vsw |7 CH1: Vsw ] :
CH4: I
CH4: 1L |4
Chi[T0.0V BCh2| 2.00 v  &M[10.0ms A Ch3 A 12.8 V| Chil 20.0V  &Ch2| 2.00V &M10.0ms A Chz % 2.44 V)
ch3_10.0v_W@IE 200 AGH | 100V _%jCh4] 1.00 A 02
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EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board. Vi = 24V, Vour = 5V,
L = 15uH, fsw = 400kHz, Ta = 25°C, unless otherwise noted.

Start-Up through EN Start-Up through EN
loutr = 0A, AAM mode loutr = 0A, FCCM

< +
CH3: VEn [Bhmweosmsimmneed 0 I S

CH2: Vour |z

ot A chzves bho o :

CH1: Vsw
CHa: I ] CH4:IL =
B 2070V RCR 200V EMG00N0s | Al ChE 71 04V @il 20.0V RICh2| 2.00V  WM[1.00ms A Ch3 4 2.44V
ch3[ 2.00Vv ®cha| 2.00 A 28 Ch3[ 2.00V &Ch4] 2.00 A <0
Start-Up through EN Shutdown through EN
loutr = 0.6A loutr = 0A, AAM mode

+ X : : . . +
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CH2: Vour B e R R

: CH2: Vour PRIy
CH1: Vsw T CH1: Vsw i ™ A
cha: i et
CH4: I ; ; : :
Cchi[_20.0vV__ Ch3[ 2.00% _ |M[1.00ms| A Ch3 -~ 1.80 V| Chil 20.0vV &P 2.00V &M 1.00s| A Ch3 *  1.04V
CI‘I3| 5.00V Bw 1.00 A €2 Ch3[ 2.00V &|Ch4] 2.00 A OFfy
Shutdown through EN Shutdown through EN
loutr = 0A, FCCM lout = 0.6A
R | .
CH3:Ven BB+ 1 - CH3:Ven P37
CH2: Vour _ CH2: Vour 2
CH1: Vsw 1 CH1: Vsw 2 SN
CHa: 1 [ i i : .
Chil 20.0V  wWEiE 2.00v &M 1.008] A Ch3 % 1.04 V] Sl 20.0V  JCh2[ 3.00V M/ 400ms| A Ch3 L 1.80 V
Ch3[ 2.00V &Chd4] 2.00 A fj Ch3\ 5.00V BwCI‘I4| 1.00 A <2
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EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board. Vi = 24V, Vour = 5V,
L = 15uH, fsw = 400kHz, Ta = 25°C, unless otherwise noted.

Output Ripple Output Ripple
loutr = 0A, AAM mode loutr = 0A, FCCM
i : VourlAG 2 R e T g
CH2: bbbt | . B bobntimma et el N B E
Vout/AC B
CH4: 1. P/ N0/ A
CHa: 1L Nt i
cHt:vew il - T T 1 T 1] 1 CcH1: Ve
Ml 10.0V  WCh2| 10.0mviaM 400ps| A Ch3 & 1.68 V| Chi ooV &/Ch2| 50.0mv7y, M\Z.(:]Ops :A| Ch3 -7 —1.92Q
chal S00mA 04 SiE]_S00maA on
Output Ripple SCP Entry
loutr = 0.6A loutr = 0A, AAM mode
T —— —
CH2: : :
Vout/AC & CH3: Ve [3% ;
......................... d
- : - - : ﬁ
| Nt RTINS
do - CH1: Vsw ot T T T e musssninoimeniasses
H1: V.
CH1: Vsw CHA: I b o e _
WEKT0.0 % WCh2| 50.0mVAaM2.00Ms Al Ch3 F  4.90V Chil 20.0V  |@EE 2.00v  Ma.00ms A Chz % 4.32 V|
Ch4[ 500mAGR| Ch3[ 500V &jChd] 1.00 A
SCP Entry SCP Entry
loutr = 0A, FCCM lout = 0.6A
CH3:Ves |7 : : : y : : j CH3:Vee 71 :
T P I [ P S S U U A SO d
CH2: Vour : ; CH2: Vour
CH1: Vsw I I l- CH1: Vsw
CH4: IL CH4: IL
Ch1| .20.0 V. Ch.Z\ 2.00 ¥ M|4.00ms .A| Ché L 4.32 Y r’Ch]\ .20.0 V. Ch2| 2.00 ¥ M\‘l.doms .A| Ch2 v 4.32 V)
Ch3[ 5.00v &@EE| 2.00 A Ch3[ 5.00V &@EE] 1.00 A
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EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board. Vi = 24V, Vour = 5V,
L = 15uH, fsw = 400kHz, Ta = 25°C, unless otherwise noted.

SCP Recovery

SCP Recovery
lout = 0A, AAM mode

loutr = 0A, FCCM

CH3: Vpe B EEISRRLLELLERIES . : CH3: Vre .

CH2: Vour  fr st st v
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—

Chi|_20.0v__ |ch2[ 2.00v  ™M4.00ms A Ch2 5 4.32V|
Ch3[ 5.00V &[ERE] 1.00 A
—

SCP Recovery

lout = 0.6A SCP Steady State
CH3: Vee 3 [ : CH2: Vour |z
: : : i ad Ve
CH2: Vour [ o T S
] I l H e
CH1: Vsw B : - : a o)
CH4: IL CH4: I EX |
Chi[ 20,0V Ch2[ 2.00v  |MA.00ms A Chz + 4.32 V] B Teo v leha T e v s ome Al Chi 126 V)
ch3l 5.00v W@EE 1.00AC Cha[ 500mA< |

Load Transient

Load Transient
loutr = 300mA to 600mA, AAM mode

lour = OmA to 300mA, AAM mode

CH2: : : : i : : ] CH2:
Vout/AC 2] Vout/AC 2k
CH4: lout [t
CH4: lour e ]
Chz‘ 200mV Ml 100pMs Al Ch2 1.23 V) Ch2| 200mVY v M‘ 100pMs Al Ch2 1.23 V)
200 mA 26y 200 mA 26y
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EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board. Vi = 24V, Vour = 5V,
L = 15uH, fsw = 400kHz, Ta = 25°C, unless otherwise noted.

Cold Crank Cold Crank
ViN = 24V to 6V to 10V, lout = 0A Vin = 24V to 6V to 10V, lout = 0.6A
CH3: Vin CH3: Vin
L‘uu. | (R I - L 0 NN
CH1:Vsw il 1171 Il [ CH1: Vsw
CH2 VOUT » .................................... e
: : : i : : 1 CH2: Vour ’ d : : :
CH4: L = Lol 3 — : CH4: I
Chi[ 10,0V (@B 5.00v  |M[20.0ms A ChZ v 13.8 V| Chil 16.0v  [@i# 5.00v  M20.0ms A Ch3 v 18.6V
Ch3| 10.0 V Ch4\ 200mA €2 Ch3[ 10.0V &|Ch4] 1.00 A
VIN Ramps Down and Up VIN Ramps Down and Up
Vin =18V to 4.5V to OV to 4.5V to 18V, Vin =18V to 4.5V to OV to 4.5V to 18V,
lout = 0A lout = 0.6A
CH3: Vin CH3:Vin |3 ‘ : ‘ *
'L‘ ‘:IU ‘wallw‘|‘L ; =l||| ‘\H‘ |-
CH1: Vsw CH1:Vsw  fefl T T T T NG T T ™
CH2: Vour
CH2: Vour 2%
CH4: IL CHA L oy
chi[_10.0v Cch2[ 5.00V M[10.0s| A Ch3 % 2.00 V| Chi1_10.0Vv ch2[ 5.00V M 10.0s A Ch3 . 2.00V
Ch3[ 10.0V 51.1 1.00 A <2 Ch3[ 10.0V Bw 1.00 A €2
Load Dump
Vin = 24V to 58V to 24V, lout = 0.6A
CH3: Vin
CH1: Vsw
CH2: Vour EE
CH4: L = i
Ml 20.0v  |chZ[ 5.00V  |M[100ms| A Ch3 * 2.00 V|
Ch3| 20.0V BwCh‘l\ 1.00 A €2
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PCB LAYOUT
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Figure 5: Mid-Layer 1

Figure 6: Bottom Layer and Bottom Silk
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