DESCRIPTION

The EVQ4316-R-01A evaluation board is
designed to demonstrate the capabilities of the
MPQ4316, a synchronous, step-down switching
regulator with a configurable frequency and
integrated, internal high-side MOSFET (HS-
FET) and low-side MOSFET (LS-FET). It
provides up to 6A of highly efficient output
current (lout), with current mode control for fast
loop response.

The wide 3.3V to 45V input voltage (Vin) range
accommodates a variety of step-down
applications in automotive input environments.
A 1.7uA quiescent current (Iq) in shutdown
mode allows the device to be used in battery-
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powered applications. High power conversion
efficiency across a wide load range is achieved
by scaling down the switching frequency (fsw)
under light-load conditions to reduce the
switching and gate driver losses.

Frequency foldback helps prevent inductor
current (I.) runaway during start-up. Thermal
shutdown provides reliable, fault-tolerant
operation. A high duty cycle and low-dropout
mode are provided for automotive cold crank
conditions.

The EVQ4316-R-01A is fully assembled and
tested. The MPQ4316 is available in a QFN-20
(4mmx4mm) package with wettable flanks.

PERFORMANCE SUMMARY
Specifications are at Ta = 25°C, unless otherwise noted.
Parameter Condition Value
Input voltage (Vin) range 3.3V to 45V
Output voltage (Vour) Vin = 3.3V to 45V, lout = 0A to 6A 3.3V
Maximum output current (lout) Vin = 3.3V to 45V 6A
Typical efficiency Vin =12V, Vour = 3.3V, lout = 6A 90.4%
Switching frequency (fsw) 410kHz
EVQ4316-R-01A EVALUATION BOARD
LxWxH (8.3cmx8.3cmx1.3cm)
Board Number MPS IC Number
EVQ4316-R-01A MPQ4316GRE-AEC1
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QUICK START GUIDE

1.

Preset the power supply (Vin) between 3.3V and 45V, then turn off the power supply. Electronic
loads represent a negative impedance to the regulator, and setting a current too high can trigger
hiccup mode.

If longer cables (>0.5m total) are used between the source and the evaluation board, install a
damping capacitor at the input terminals, especially when V\y = 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 automatically start up.

To use the enable function, apply a digital input to the EN pin. Drive EN above 1V to turn on the
regulator; drive EN below 0.85V to turn off the regulator.

7. The MPQ4316’s switching frequency (fsw) can be configured by R3, the FREQ pin’s resistor (Rrreaq).
R3 can be estimated based on the relationship between fsw and Rrreq (see Figure 1).
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Figure 1: fsw vs. Rrrea
8. To use the sync function, apply a 350kHz to 1000kHz external clock to the SYNCIN pin to
synchronize the internal clock’s rising edge.
9. The output voltage (Vour) is set by the external resistor divider. If R7 = 100kQ, then R8 can be
calculated with Equation (1):
R7
R8=——— (1)
VOUT _
0.815V
Table 1 shows the recommended R7 and R8 values for common output voltages.
Table 1: Resistor Selection for Output Voltages
Vour (V) R7 (kQ) R8 (kQ)
3.3 100 (1%) 32.4 (1%)
5 100 (1%) 19.1 (1%)
EVQ4316-R-01A Rev. 1.0 MonolithicPower.com 2
5/18/2022 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2022 MPS. All Rights Reserved.



mps EVQ4316-R-01A — 45V, 6A, STEP-DOWN CONVERTER EVAL BOARD, AEC-Q100

Figure 2 shows the measurement equipment set-up.
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Figure 2: Measurement Equipment Set-Up

EVQ4316-R-01A Rev. 1.0 MonolithicPower.com
5/18/2022 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2022 MPS. All Rights Reserved.



mps EVQ4316-R-01A — 45V, 6A, STEP-DOWN CONVERTER EVAL BOARD, AEC-Q100

EVALUATION BOARD SCHEMATIC
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EVQ4316-R-01A BILL OF MATERIALS

Qty Ref Value Description Package | Manufacturer Manufacturer PN
CIN1, COUT2, Ceramic capacitor,
3 CoUT4 1nF 50V, X7R 0603 Murata GRM216R71H102KA01
CIN2, COUT1, Ceramic capacitor,
3 COUT3 10nF 50V, X7R 0603 Murata GRM188R71H103KA01D
Ceramic capacitor,
2 CIN3, CIN4 1uF 50V, X7R 1206 TDK C3216X7R1H105K
1 CIN5 47yF | plmInUM CBPACIOT, | gD | Panasonic EEHZA1J470P
Ceramic capacitor,
2 C1A,C1B 10uF 50V, X7R 1210 Murata GRM32ER71H106KA12L
Ceramic capacitor,
2 C1C,C1D 0.1uF 50V, X7R 0603 Murata GCJ188R71H104KA12D
2 | C2A C2B 47yF | Geramic capacitor, 1210 Murata | GRM32ER61A476KE20L
10V, X5R
Ceramic capacitor,
1 C3 22nF 25V, X7R 0603 Murata GRM188R71E223JA01D
Ceramic capacitor,
1 C4 0.1uF 50V, X7R 0603 Murata GRM188R71H104KA93D
Ceramic capacitor,
1 C5 47pF 50V, COG 0603 TDK C1608C0G1H470J
Ceramic capacitor,
1 C6 4.7uF 10V, X5R 0603 Murata GRM188R61A475KE15D
1 L1 10mQ |Magnetic bead, 6A 0805 TDK MPZ2012S300AT000
1 L2 4.7uH Inductor, 31.5mQ, 6A| SMD Cyntec VCMTO063T-4R7MNST
1 L3 4.7uH '1”2"‘1120“ 15.02mQ, 1 gyp Coilcraft XAL6060-472MEC
3 R1, R7, R9 100kQ | Film resistor, 1% 0603 Yageo RC0603FR-07100KL
1 R3 75kQ Film resistor, 1% 0603 Yageo RC0603FR-0775KL
1 R4 51kQ Film resistor, 1% 0603 Yageo RC0603FR-0751KL
1 R6 0Q Film resistor, 1% 0603 Yageo RC0603FR-070RL
1 R8 32.4kQ | Film resistor, 1% 0603 Yageo RCO0603FR-0732K4L
C2C, C2D, R2,
4 R5 NS
1 JP1 2.54mm | Test pin, 3-pin DIP Any
VEMI, GND .
) , M
4 VOUT, GND 2mm Golden pin DIP Custom
SYNCIN, ICS,
7 | PG, SYNCO, 1mm Golden pin DIP Custom ™
EN, GND, GND
45V, BA, step-down QFN-20
1 U1 MPQ4316 |converter, AEC- (4mmx MPS MPQ4316GRE-AEC1
Q100 4mm)

Note:
1) Contact an MPS FAE for more information regarding custom pins.
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EVB TEST RESULTS

Performance curves and waveforms are tested on the evaluation board. Viy = 12V, Vour = 3.3V,
Coutr =2 x 47uF, L = 4.7uH, fsw = 410kHz, Ta = 25°C, unless otherwise noted.
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EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board. Viy = 12V, Vour = 3.3V,
Coutr =2 x 47uF, L = 4.7uH, fsw = 410kHz, Ta = 25°C, unless otherwise noted.
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EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board. Viy = 12V, Vour = 3.3V,
Coutr =2 x 47uF, L = 4.7uH, fsw = 410kHz, Ta = 25°C, unless otherwise noted.
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EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board. Viy = 12V, Vour = 3.3V,
Coutr =2 x 47uF, L = 4.7uH, fsw = 410kHz, Ta = 25°C, unless otherwise noted.
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EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board. V\y = 12V, Vour = 3.3V,
Coutr =2 x 47uF, L = 4.7uH, fsw = 410kHz, Ta = 25°C, unless otherwise noted.
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EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board. Viy = 12V, Vour = 3.3V,
Coutr =2 x 47uF, L = 4.7uH, fsw = 410kHz, Ta = 25°C, unless otherwise noted.
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EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board. Viy = 12V, Vour = 3.3V,
Coutr =2 x 47uF, L = 4.7uH, fsw = 410kHz, Ta = 25°C, unless otherwise noted.

CISPR25 Class 5 Peak Radiated CISPR25 Class 5 Average Radiated
Emissions Emissions
Vertical, 30MHz to 1GHz Vertical, 30MHz to 1GHz
:Z VERTICAL POLARIZATION :Z VERTICAL POLARIZATION
M EEnn _ e
E. %0 CIsP iCLASSS K LIMITS I —— E 40
235 S35
= — —— =
g 30 — w 30
g2 — g2
< E CISPR25,CLASS 5 AVG LIMITS
5 M e =
; s g 15
10 > wads
5 prNOISE[FLOO) h 12 A i M
0 0 et T |
530 130 230 330 430 530 630 730 830 930 1000 5 ‘ ‘ . - : ‘ ‘ ‘ ‘ ‘
Frequency (MHz) 30 130 230 330 430 530 630 730 830 930 1000
Frequency (MHz)
EVQ4316-R-01A Rev. 1.0 MonolithicPower.com 12
5/18/2022 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2022 MPS. All Rights Reserved.



meSs

EVQ4316-R-01A — 45V, 6A, STEP-DOWN CONVERTER EVAL BOARD, AEC-Q100

EVB TEST RESULTS (continued)

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

Coutr =2 x 47uF, L = 4.7uH, fsw = 410kHz, Ta = 25°C, unless otherwise noted.
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Start-Up through VIN
lout = 6A

1ms/div.
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meSs

EVQ4316-R-01A — 45V, 6A, STEP-DOWN CONVERTER EVAL BOARD, AEC-Q100

EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board, Viy = 12V, Vour = 3.3V,
Coutr =2 x 47uF, L = 4.7uH, fsw = 410kHz, Ta = 25°C, unless otherwise noted.

CH3: Vin
5V/div.

CH4: I
1A/div.
CH2: Vour
1V/div.

CH1: Vsw
5V/div.

CH3: Vin
5V/div.

CH2: Vour
1V/div.
CH4: IL
5A/div.

CH1: Vsw

10V/div.

CH3: Ven
2V/div.

CH2: Vour
1V/div.

CH4: I
2A/div.

CH1: Vsw
10V/div.

Shutdown through VIN

lout = 0A, AAM mode

10ms/div.

Shutdown through VIN

lout = BA

400us/div.

Start-Up through EN

loutr = 0A, FCCM

...................... ‘_
lal—-—-—-—n—-—-
21
B
(R mmenm Ao M _

1ms/div.

CH3: Vi
5V/div.

CH4: I
2A/div.
CH2: Vour
1Vidiv.

CH1: Vsw
10V/div.

CH3: Ven
2V/div.

CH2: Vour
1Vidiv.

CH4: IL
2A/div.

CH1: Vsw
10V/div.

CH3: Ven
2V/div.

CH2: Vour
1V/div.
CH4: I
5A/div.

CH1: Vsw
10V/div.

Shutdown through VIN

loutr = 0A, FCCM

10ms/div.

Start-Up through EN

loutr = 0A, AAM mode

3

lout = 6A
......................... K
ﬁ\. ...........................
E\:
I

1ms/div.
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mps EVQ4316-R-01A — 45V, 6A, STEP-DOWN CONVERTER EVAL BOARD, AEC-Q100

EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board, V\x = 12V, Vour = 3.3V,
Coutr =2 x 47uF, L = 4.7uH, fsw = 410kHz, Ta = 25°C, unless otherwise noted.

CH3: Ven
2V/div.

CH4: I
1A/div.
CH2: Vour
1V/div.

CH1: Vsw
5V/div.

CH3: Ven
2V/div.

CH2: Vour
1V/div.
CH4: IL
5A/div.

CH1: Vsw
10V/div.

CH2: Vour
2V/div.

CH3: Vpe
5V/div.

CH4: I
10A/div.

CH1: Vsw
10V/div.

Shutdown through EN

lout = 0A, AAM mode

100ms/div.

Shutdown through EN

lout = BA
...................... 4
B
wl |

100ps/div.

SCP Entry
loutr = 0A, FCCM

20ms/div.

CH3: Ven
2V/div.

CH4: IL
1A/div.
CH2: Vour
1Vidiv.

CH1: Vsw
10V/div.

CH2: Vour
2V/div.

CH3: Vee
5V/div.

CH4: I
10A/div.

CH1: Vsw
10V/div.

CH2: Vour
2V/div.

CH3: Vee
5V/div.

CH4: IL
10A/div.

CH1: Vsw
10V/div.

Shutdown through EN

loutr = 0A, FCCM

.
S P EREPERVER: NOSEITIY
T00ms/div.
SCP Entry
lout = 0A, AAM mode
_____________________ .
B
T O TR IO
b et e

20ms/div.
SCP Entry
lout = 6A
........ p—
- ‘
B
B R TR TR TN, s vt n e o
[ I O
3 [ L......‘i_......‘;...._.‘u_
20ms/div.
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meSs

EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board, Viy = 12V, Vour = 3.3V,
Coutr =2 x 47uF, L = 4.7uH, fsw = 410kHz, Ta = 25°C, unless otherwise noted.

CH2: Vour
2V/div.

CH3: Vec
5V/div.

CH4: I
10A/div.

CH1: Vsw
10V/div.

CH2: Vour
2V/div.

CH3: Vps
5V/div.

CH4: I
10A/div.

CH1: Vsw
10V/div.

CH2:
Vout/AC
200mV/div.

CH4: I
2A/div.
CH1: Vsw
10V/div.

EVQ4316-R-01A — 45V, 6A, STEP-DOWN CONVERTER EVAL BOARD, AEC-Q100

SCP Recovery

lout = 0A, AAM mode

10ms/div.

SCP Recovery

lour =6
o
2
E
Ex

10ms/div.

Load Transient Response
loutr = 3A to 6A

4

100ps/div.

CH2: Vour
2V/div.

CH3: Vpe
5V/div.

CH4: I
10A/div.

CH1: Vsw
10V/div.

CH2: Vour
1V/div.

CH4: I
5A/div.

CH1: Vsw
10V/div.

CH3:
SYNCIN
2V/div.

CH2: Vour
2V/div.

CH1: Vsw
10V/div.
CH4: I
2A/div.

SCP Recovery
lout = 0A, FCCM

@ _______

| |

.,:ff;ff; [

1| .
10ms/div.

SCP Steady State

g

.| :

!
4ms/div.

SYNC Operation

lout = 6A, SYNC frequency = 350kHz

Fjﬂ m m ..... ﬂﬂ ﬂ

2us/div.

EVQ4316-R-01A Rev. 1.0

5/18/2022

MonolithicPower.com
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2022 MPS. All Rights Reserved.

16



mps EVQ4316-R-01A — 45V, 6A, STEP-DOWN CONVERTER EVAL BOARD, AEC-Q100

EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board, Viy = 12V, Vour = 3.3V,
Coutr =2 x 47uF, L = 4.7uH, fsw = 410kHz, Ta = 25°C, unless otherwise noted.

SYNC Operation SYNCO Operation
loutr = 6A, SYNC frequency = 1000kHz lout = 6A, SYNC frequency = 350kHz
ot R T N " | : .
cH3: BEEERE |
SYNCIN ol howl o ol il T el el i
2V/div. CH3:
. ) . SYNCO
2V/div.
P N e T e e N )
CHZ:VOUT = F £ * CHZ:VOUT I
Vidiv. | | ﬂ r r ﬂ ﬂ vidiv. ] . _
CH4: I 23 | [ chtver | ET 0 i 8 JON U ey A [
Aldiv. | i . - VSW . . : :
2 . [ ‘ | | [ | | 4 10V/div. ] ! . : "
CH1: Vsw P._.,: T L CH4: I : : : : :
5Vidiv. i ; ondiv. L b L
1us/div. 2us/div.
SYNCO Operation PG in Start-Up through VIN
lout = 6A, SYNC frequency = 530kHz lout = 0A
g S N T i 4 H
nENE ‘NERENENEN
i ' . i ] i H
CH3: || ‘ 1 i8] I et o A S
SINCO for = e e L G
2V/div. i 5V/div.
| CH2: Vour
e e e e e e N PPNy 2V/div.
CH2: Vour | | s o)
1VIdiv. | (i nEr ik i CH4: Vpo
CH4: I [ 2V/div.
2A/div. | : Ak el
CH1: Vsw - el B CH1: Vsw
2V/div. ; 10V/div.
1us/div.
PG in Start-Up through VIN PG in Shutdown through VIN
lout = 6A lout = 0A
- : : : i : : : | | | | h T .
5Vidiv. I3t C?\?lld\'lw B : : \ : A
CH2: Vour |3 : : : T : : : V- : : : : : ;
c:;” 0\',"" r : e 1 chHzvor |z 5
- VPG 2V/div.
2V/div. | (43 e S ey, D AVIDIVGE B . Lol
CH4: Vpe . :
Vdin > e T
CH1: V; - : : .
LI i A b sviw. |t | : | T\
5V/div. J . : : .
1ms/div. 20ms/div.
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mps EVQ4316-R-01A — 45V, 6A, STEP-DOWN CONVERTER EVAL BOARD, AEC-Q100

EVB TEST RESULTS (continued)

Performance curves and waveforms are tested on the evaluation board, Viy = 12V, Vour = 3.3V,
Coutr =2 x 47uF, L = 4.7uH, fsw = 410kHz, Ta = 25°C, unless otherwise noted.

CH3: Vin
5V/div.

CH2: Vour
2V/div.

CH4: Vpg
2V/div.

CH1: Vsw
5V/div.

CH3: Ven
2V/div.

CH2: Vour
2V/div.

CH4: Vpg
2V/div.

CH1: Vsw
10V/div.

CH3: Ven
2V/div.

CH2: Vour
2V/div.

CH4: Vec
2V/div.

CH1: Vsw
10V/div.

PG in Shutdown through VIN
lout = 6A

©

PG in Start-Up through EN

lout = BA

PG in Shutdown through EN
lout = 6A

1ms/div.

CH3: Ven
2V/div.

CH2: Vour
2V/div.

CH4: Vec
2V/div.

CH1: Vsw
5V/div.

CH3: Ven
2V/div.

CH2: Vour
2V/div.

CH4: Vee
2V/div.

CH1: Vsw
5V/div.

CH4: IL
50mA/div.

CH3: Vin
500mV/div.
CH1: Vsw
1V/div.
CH2: Vour
500mV/div.

PG in Start-Up through EN

lout = 0A

1ms/div.

PG in Shutdown through EN

lout = 0A

Low-Dropout Mode
Vin = 3.3V, Vour set to 3.3V, lout = 0A

—

x5

4us/div.
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mps EVQ4316-R-01A — 45V, 6A, STEP-DOWN CONVERTER EVAL BOARD, AEC-Q100

EVB TEST RESULTS (continued)

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

Coutr =2 x 47uF, L = 4.7uH, fsw = 410kHz, Ta = 25°C, unless otherwise noted.

CH4: I
2A/div.
CH2: Vour
500mV/div.
CH3: Vin
500mV/div.
CH1: Vsw
1V/div.

CH3: Vi
5V/div.

CH2: Vour
1V/div.
CH4: IL
2A/div.

CH1: Vsw
5V/div.

CH3: Vi
10V/div.

CH2: Vour
2V/div.
CH4: IL
2A/div.

CH1: Vsw
20V/div.

Low-Dropout Mode

Vin = 3.3V, Vour set to 3.3V, loutr = 6A

Ex i
% P I T O O
4pus/div.
Cold Crank
Vin =12V to 3.3V to 5V, lout = 6A
e -
U

4ms/div.

Vin Ramping Down and Up

lout = 1MA

10s/div.

CH3: Vi
10V/div.
CH2: Vour
2V/div.
CH4: I
5A/div.
CH1: Vsw
50V/div.

CH3: Vi
1V/div.
CH2: Vour
1V/div.

CH3: Vi
10V/div.

CH2: Vour
2V/div.

CH4: I
5A/div.
CH1: Vsw
20V/div.

Load Dump
Vin =12V to 36V, lout =

6A

Vin Ramping Up and Down

loutr = 0.1A

Vin Ramping Down and Up

lout = 6A

10s/div.
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mpsl EVQ4316-R-01A - 45V, 6A, STEP-DOWN CONVERTER EVAL BOARD, AEC-Q100

PCB LAYOUT @
.- ° ° ;mﬁl.. oD : ° : ..

| @ @ )
UEMI o0 .. . .MmMRES .

MonSlithic Power Systéms

:: MPQ4316 Demo board
oo ° ° o o BVO4S1I6-R-QIA o °
oo oo www.ronolithicpower.com
oo oo o o o o M(ma. in Chmn. . .
@ e
0 cE” ° ° o °
GND ¢id

R T

0oo 2
L3
uiEm
oo
. L. N iz o0
Oo =N == oo
Tl o

o
ox
&l

CINS Q ooo0
o ° ° o O .RI....RZ. o o o
CiC
CiA
° ° ° o ° o ° ° ° ° °
o o ° o ° ° ° o ° o o
10mm
(B FE|
o o ° ° o SYNEIN GNDo EN o o
(]
b
° ° ° ° ° ° ° ° ° °

Figure 4: Top Silk and Top Layer

Figure 6: Mid-Layer 2 Figure 7: Bottom Layer and Bottom Silk

Note:
2) The copper thickness is 20z.
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