MPQ3425

3A, 55V Boost Converter with

Programmable Switching Frequency,

AEC-Q100 Qualified
DESCRIPTION FEATURES
The MPQ3425 is a current control mode, e Wide 3.1V to 22V BIAS Supply Voltage
step-up converter with a 3.5A, 90mQ internal Range
MOSFET that provides fast transient response. e Wide 3V to 50V Input Voltage Range
It operates with an input voltage as low as 3.1V, e 3.5A, 90mQ, Power MOSFET
and can generate up to 55V. e Output Voltage up to 55V
The MPQ3425 features a configurable * Programmable 300kHz to 2MHz fsw
switching frequency of up to 2MHz for easy ¢ Programmable Under-Voltage Lockout
fitering and low noise. An external (UVLO), Soft Start, UVLO Hysteresis

compensation pin allows the user to flexibly set
loop dynamics and operates with small, low-
ESR ceramic output capacitors. The soft start
feature provides a small inrush current and can
be programmed with an external capacitor.

Full protection features include under-voltage
lockout (UVLO), current limiting, and thermal
shutdown.

The MPQ3425 is available in low-profile QFN-
14 (Bmmx4mm) and QFN-14 (4mmx4mm)
packages with an exposed pad. The QFN-14
(4mmx4mm) package is available in a wettable
flank package.

Micropower Shutdown <1pA

e Thermal Shutdown OTP (160°C)

e Available in QFN-14 (3mmx4mm) and QFN-
14 (4mmx4mm) Packages

e QFN-14 (4mmx4mm) Package Is Available
in a Wettable Flank Package

¢ Available in AEC-Q100 Grade 1

APPLICATIONS

Automotive Systems

e Boost Converter and Single-Ended Primary-
Inductance Converter (SEPIC) Topologies

e Pre-Boost Applications

e Microphones and Tuner Bias

All MPS parts are lead-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 registered
trademarks of Monolithic Power Systems, Inc. or its subsidiaries.
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mP5 MPQ3425 - 3A, 55V BOOST CONVERTER WITH CONFIGURABLE fsw, AEC-Q100

ORDERING INFORMATION

Part Number Package ** Top Marking MSL Rating

MPQ3425DL* QFN-14 (3mmx4mm) See Below 1
MPQ3425DL-AEC1** QFN-14 (3mmx4mm) See Below 1
MPQ3425GRE-AEC1 QFN-14 (4mmx4mm) See Below 1

* For Tape & Reel, add suffix -Z (e.g. MPQ3425DL-LF-Z).
** For RoHS-compliant-packaging, add suffix -LF (e.g. MPQ3425DL-AEC1-LF-2Z).

TOP MARKING (MPQ3425DL)

MPYW
3425
LLL
MP: MPS prefix
Y: Year code
W: Week code

3425: Part number
LLL: Lot number

TOP MARKING (MPQ3425GRE)

LLLLLL
E
MP: MPS prefix
Y: Year code
W: Week code
3425: Part number
LLL: Lot number
MPQ3425 Rev. 1.1 www.MonolithicPower.com
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mP5 MPQ3425 - 3A, 55V BOOST CONVERTER WITH CONFIGURABLE fsw, AEC-Q100

PACKAGE REFERENCE

TOP VIEW TOP VIEW
1) ST 14
come [ 1) (14| rser coue [ ] e
EN .Z) @ FB EN E @ FB
Bias | 3) (2] ss Bias [3) Q2| ss
sw E EXPOSED PAD @ AGND sw4) EXPOSED PAD (11] acno
sw B @ PGND D (0} e
sw E @ PGND
sw @ @ PGND VDD D @ PGND
VDD Z) @ PGND
EXPOSED PAD ON BACKSIDE
EXPOSED PAD ON BACKSIDE CONNECTED TO GND
CONNECTED TO GND
QFN-14 (3mmx4mm) QFN-14 (4mmx4mm)
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mP5 MPQ3425 - 3A, 55V BOOST CONVERTER WITH CONFIGURABLE fsw, AEC-Q100

PIN FUNCTIONS

Pin # Name |Description
Compensation. Connect a capacitor and resistor in series from COMP to AGND for
1 COMP o
loop stability.
Regulator on/off control input. Pull EN high to turn the converter on; pull EN low to
5 EN turn it off. When not in use, connect EN to the (external or internal) input source
through a 100kQ pull-up resistor for automatic start-up if Vin > 6V. EN can also be used
to program Vin UVLO. Do not leave EN floating.
3 BIAS |Internal LDO supply. BIAS must be bypassed locally.
45 6 SW Power switch output. SW is the drain of the internal MOSFET switch. Connect the
e power inductor and output rectifier to SW.
7 VDD |LDO output.
8,9, 10, PGND Power ground. The bottom exposed pad is the power ground. For best thermal
exposed pad resistance, solder the exposed pad to the underlying PCB.
11 AGND |Analog ground. Connect AGND to the ground plane through the exposed pad.
Soft-start control. Connect a soft-start capacitor (Css) to the SS pin. Css is charged
12 SS |with a constant current of 5uA. Leave SS disconnected if soft start functionality is not
needed.
13 FB Feedback input. The reference voltage is 1.25V. Connect a resistor divider to FB.
Frequency programming. Connect a resistor from FSET to AGND. The voltage on
14 FSET |FSET is regulated internally to 0.5V. The current flowing out of FSET sets the
operation frequency linearly.

ABSOLUTE MAXIMUM RATINGS ® Thermal Resistance 6ua  Ouc
SW e -0.5V to +55V QFN-14 (3X4) coeeeeeeeeieeeen. 50...... 12...°C/W
BIAS..... -0.5V to +22V QFN-14 (4x4).....cccooiiiiinn. 47.2....4.8...°C/W
All other pins ......ccvvvvieeieiiie -0.3V to +6.5V
Continuous power dissipation (Ta = 25°C) @ Notes:
QFN-14 . 2.5W 1) Ablsolute n;aximum ratings airze ratec;ﬂ undehr room temperature
; o unless otherwise noted. Exceeding these ratings may
Junction temperature ..o 15000 damage the device.
Lead temperature .........cccoocieeeiiiiiieeeenen 260°C 2) The maximum allowable power dissipation is a function of the
Storage temperature................ -65°C to +150°C maximum junction temperature T, (MAX), the junction-to-
ambient thermal resistance 6,,, and the ambient temperature
i Ta. The maximum allowable continuous power dissipation at
ESD Ratlngs any ambient temperature is calculated by Pp (MAX) = (T,
Human body model (HBM) .................... +2000V ((jMAX) - Ta) / Bua. (IjExceeding the maxljmum allowable pok\]/ver:
. issipation can produce an excessive die temperature, whic
Charged device model (CDM) """"""""" +750V may cause the regulator to go into thermal shutdown. Internal
. . thermal shutdown circuitry protects the device from
Recommended Operating Conditions ©
permanent damage.
3) The device is not guaranteed to function outside of its
gugplyt/ voII;[age ((://BIAS)) ...................... gw :o g§¥ operating conditions.
utput voltage (VouT) .- veeevenennennnnn. . (0]

Operating junction temp (Ty).... -40°C to +125°C

MPQ3425 Rev. 1.1
7/6/2023
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mP5 MPQ3425 - 3A, 55V BOOST CONVERTER WITH CONFIGURABLE fsw, AEC-Q100

ELECTRICAL CHARACTERISTICS

Veias = Vin = Ven = 5V, Ty = -40°C to +125°C, typical values are at T, = 25°C, unless otherwise

noted.

Parameter Symbol | Condition Min Typ Max | Units
Operating supply voltage VBias 3.1 22 \"
Under-voltage lockout - Ty=25°C 2.8 3.1

(UVLO) threshold Vesfising 13 "= 400G 10 +125°C| 2.75 315 | Y
UVLO hysteresis 250 mV
VDD voltage gate driver _

voltage supply Voo |C=10nF 6 \
Shutdown supply current InsD | Ven =0V 1 MA

. Ty=25°C 650 900
Quiescent supply current N Ves = 1.35V T, = -40°C o +125°C 950 MA
Switching frequency fsw FSET = 84.5kQ 0.44 0.55 0.66 | MHz
Minimum off time torr | Vre =0V 40 ns
Minimum on time ) ton  |Ves=1.35V 100 ns
. VEN rising Ty=25°C 1.45 1.5 1.55
EN high threshold (switching) [Ty = -40°C to +125°C| 1.4 1.6
EN high threshold VEen rising (micropower) 1.0
Ty=25°C 0.5

EN low threshold T, = -40°C to +125°C|_0.45

EN input bias current Ven = 0V, 5V 0.1 1 MA
pVLO hysteresis current 1V <EN < 1.4V 4 uA
into EN

Soft-start current Iss 6 MA

Ty=25°C 1.200 | 1.225 | 1.250

Feedback (FB) voltage Vre T, = -40°C to +125°C|_1.19 126 | ¥
FB input bias current -200 -100 nA
Error 4ampllfler (EA) voltage Avea 300 VIV
gain ¥

EA transconductance “ Gea 160 uA/V
EA output current ) 20 pA
Current-sense gain ¥ Ges | lsw/ Vcomp 9 AN
SW on resistance Rpson) 90 mQ

- o, LTy =25°C 3.5 5

SW current limit lumir | Duty cycle = 0% T, —-40°C to +125°C 3 A
Thermal shutdown © Tsp 160 °C
Note:
4) Guaranteed by design. Not tested in production.
MPQ3425 Rev. 1.1 www.MonolithicPower.com 5
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mP MPQ3425 - 3A, 55V BOOST CONVERTER WITH CONFIGURABLE fsw, AEC-Q100

TYPICAL CHARACTERISTICS
Vin = 12V, Vour = 48V, Cour = 4.7uF, fsw = 300kHz, Ta = 25°C, unless otherwise noted.

VEg vs. Temperature Iq vs. Temperature ILimiT vs- Temperature
1.26 800 | | 6.0
V|N=3.2V
1.24 750 . T 56
- — < 52
91.22 f—] T 700 V|N=5V g
>1.20 < 650 4 =N R B N
. ViN=Max N 0 4 e —
\~
1.18 600 44
1.16 550 40
40 -10 20 50 80 110 140 40 -10 20 50 80 110 140 40 10 20 50 80 110 140
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
Vpp UVLO ViN UVLO fsw vs. Temperature
vs. Temperature vs. Temperature
30 3.0 T | 600
Rising
2.9 =
2.8 Rﬁi ng 580
238
% 26 S < 560
e} T )
%l %I * 1 2540
g 24 z 26 y— 2
> >~ Falling ~No
22 Falling 25 520
2.0 | | 24 500
40 -10 20 50 80 110 140 40 -10 20 50 80 110 140 4010 20 50 80 110 140
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
MPQ3425 Rev. 1.1 www.MonolithicPower.com 6
7/6/2023 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2023 MPS. All Rights Reserved.



me

TYPICAL PERFORMANCE CHARACTERISTICS
Vour = 15V, L = 6.2uH, fsw = 400kHz, Cour = 22uF, Ta = 25°C, unless otherwise noted.

CURRENT LIMIT (A)

EFFICIENCY (%)

LOAD REGULATION (%)

MPQ3425 - 3A, 55V BOOST CONVERTER WITH CONFIGURABLE fsw, AEC-Q100

Current vs. Duty Cycle
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

MPQ3425 - 3A, 55V BOOST CONVERTER WITH CONFIGURABLE fsw, AEC-Q100

Vour = 15V, L = 6.2pH, fsw = 400kHz, Cout = 22uF, Ta = 25°C, unless otherwise noted.

Efficiency vs. Load Current

Load Regulation
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mP MPQ3425 - 3A, 55V BOOST CONVERTER WITH CONFIGURABLE fsw, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vour = 15V, L = 6.2uH, fsw = 400kHz, Cour = 22uF, Ta = 25°C, unless otherwise noted.
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mP MPQ3425 - 3A, 55V BOOST CONVERTER WITH CONFIGURABLE fsw, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vour = 15V, L = 6.2uH, fsw = 400kHz, Cour = 22uF, Ta = 25°C, unless otherwise noted.

Start-Up through VIN Shutdown through VIN
Vin =5V, Vour = 12V, lout = 0.5A Vin =5V, Vour = 12V, lout = 0.5A
o — . .
CH1 VIN [ CH1: VIN [
CH2:Vsw [ : —_— ; CH2:Vsw |2t
CH3: Vour —‘_’——‘—/ : : : ; CH3:Vour @ - - - \
CHA:IL - e _ - cHa: L |
T e } '?'o'?gﬂ ZEE:} ' 105 meib.dms AlChT T 30 v

Start-Up through VIN Shutdown through VIN
ViN = 5V, lout = 0.55A ViN =5V, lout = 0.55A
CH1: VN [l CH1:Vn o T—
CH2: Vew [zt CH2:Vsw 9
'.’"‘“"‘""“‘“"“_“““"“""""T"\
CH3: V. S o : .
N CH3:Vour |B1
CH4:lour ot -
CH4: lout ﬁ\_ : : :
Start-Up through VIN Shutdown through VIN
Vin =10V, lout = 1A Vin =10V, lout = 1A
Y :
CH1:Vn [T CH1:Vw =i : T ; 4
CH2: Vsw 2 ! f ! CH2: Vsw p)
CH3:Vour I : CH3:Vour =i : T
CH4:lour [~ : CH4: lour [P
Chi| :10.0v ®Ch2[ 20.0V M\IO.:l]ms A Chl 5 :4.30\}
Ch3[ 10.0V Bw 1.00 A2 EE;I :g:gx :I f_ongQ M10.0ms| A Chl % 2.60V]
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mP MPQ3425 - 3A, 55V BOOST CONVERTER WITH CONFIGURABLE fsw, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vour = 15V, L = 6.2uH, fsw = 400kHz, Cour = 22uF, Ta = 25°C, unless otherwise noted.

Start-Up through EN Shutdown through EN
Vin =5V, Voutr = 12V, lout = 1A Vin =5V, Vour =12V, lout = 1A
< : { “
CH1: VEN [T e CH1:Ven |7
CH2:Vsw =t O e T T P D Tt T CH2: Vsw 3
CH3:Vour |z CH3: Vour 3
CH4: IL CH4: I o
Chi| a0V lM:h:2\ 10.0 V M[2.00ms] :AI Chi 7 836my] (.:hﬂ' 200 v ‘;w.C.h.Z.\ =00V .I\r;l\.z..c;dms A (':h.1”\.' ' 920m\;F
Ch3[ 10.0V &@EFE] 2.00 A <28 Ch3\ 10.0V Ew 2.00 A 28
Start-Up through EN Shutdown through EN
ViNn =5V, lout = 0.5A ViN =5V, lout = 0.5A
+ «
CH1: Ven  ipemimmmrns CH1:Ven [Tt
H2: v ' :
c SWo 2 CH2: Vew  [2frermrmmmm e e ket
_////.
CH3: Vour |3 CH3: Vour |3
CH4:lour [P CH4: lout p
Chi| 2.00V ®&Ch2 20.0v uM[2.00ms A Chi ~ 2.24 : E ;
Ch3[ 10.0V Bw 1.00 A< Chl[ 2.00Y ®&Ch2[ 20.0V M 400Ms| Al Chl v 2.24 V|
Ch3| 10.0 vV Bw 1.00 A €2
Start-Up through EN Shutdown through EN
Vin =10V, lout = 1A Vin =10V, lout = 1A
CH1: Ven e . CH1:Ven
CH2:Vsw IZ i : : : CH2:Vsw b= G et ittt oot ottt
CH3: Vour |3 CH3: Vour G\:
CH4:lour |7 CH4:lour =i
| .2.00 V. &Ch2[ 20.0V M\Z.doms .A\ Chl & 2.24 V| | : : :
Ch3[ 10.0V_&Ch4[ 1.00 A @R 2.00V mcCh2 200V M[100us| A Ch1 % 2.24 V|
Ch3[ 10.0V BChd| 1.00AS-?
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mP MPQ3425 - 3A, 55V BOOST CONVERTER WITH CONFIGURABLE fsw, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vour = 15V, L = 6.2uH, fsw = 400kHz, Cour = 22uF, Ta = 25°C, unless otherwise noted.

Ripple Ripple
Vin=5V, lout = 1A Vin=10V, loutr = 1A
CH1:Vn o CH1:Vn - i
: { : E : : - : Ak
CH2: Vsw B i i i CH2: Vsw B

CH3:Vour PR hor b oo o M CH3: Vour et sl sl i L L |l i

CH4: lout X S . [P R . . . . . o CH4: lout £ S DU U S

Mill| 5.00V wCh2 10.0v  M2.00ps A Ch2 # 5.60 V]

Chal S00mve Chal T.00 A0 Ol 10.0V ®cCh2 0.0V |W2.00us| A Ch2 7 5.60 V]

Ch3l 500mV % [Chd] 1.00 A<

Load Transient Load Transient
Vin =5V, loutr = 0.2A 10 1A, Iramp = 2.5A/us Vin =10V, lout = 0.2A to 1A, Iramp = 2.5A/us
CH1: Vin CH1: Vin
T : : ; : T A
Aol . WENRENRNSR N NI\ VNI Dbl
CH4:lour = : : : : : CH4:lour [P
Chi é-OOV 5 . . M[4.00ms| .A\ Ch‘.‘ £ 660mA Chi[_5.00V & M[4.00ms| A Chd S 660mA}
1.00V " |Chd[ 1.00 A <64 Ch3[ 500mv 1.00 A
Over-Current Protection Over-Current Protection Recovery
Vin =5V, lour = 0A to 3A Vin =5V, lout = 3A to OA
CH1:Vwn =t R ARTELRETI FETREERRRE PO CH1:Vw |
CH2: Vsw j ; ; ; CH2: Vsw PRV SN APPSR PR STV SSPRPUPIE SRR SRS SSRP S
o, p : «
I I P Y O S
Chil 5.00V &eiF 10.0v  M2.00ms A Ch3 \  13.2V Rl 500V WEIE 100w GMT.00ms A Chi F 133V
| Ch3l 100V SiChd S.00A< chal 700V _HChd 50040
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mP5 MPQ3425 - 3A, 55V BOOST CONVERTER WITH CONFIGURABLE fsw, AEC-Q100

FUNCTIONAL BLOCK DIAGRAM

— EN Regulator BIAS
T Enable

Oscillator —»( 5 ja— SW
FSET

+ PWM e
g Control —
Logic
V
SHA CUZ?;IiﬁZrnse + Rsense
- GND
sS

A

- FB
GIVI+ 1.225V
- COMP
Figure 1: Functional Block Diagram
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mP5 MPQ3425 - 3A, 55V BOOST CONVERTER WITH CONFIGURABLE fsw, AEC-Q100

OPERATION

The MPQ3425 uses a constant-frequency, peak
current control mode boost regulation
architecture to regulate the feedback voltage
(Vre). Figure 1 on page 13 shows operation
details for the MPQ3425.

At the beginning of each cycle, the N-channel
MOSFET turns on, forcing the inductor current
(I) to rise. The current at the source of the
MOSFET is measured internally and converted
to a voltage by the current-sense amplifier. The
current-sense amplifier voltage is compared to
the error voltage at COMP. The output voltage
(Vour) of the error amplifier (EA) is an amplified
version of the difference between the 1.225V
reference voltage (Vrer) and Ves.

When Vgrer and Ves are equal, the PWM
comparator turns off the MOSFET. I. flows to
the output capacitor (Cour) through the external
rectifier diode. This causes I to decrease. The
peak inductor current is controlled by the
COMP voltage (Vcomr), Which is controlled by
Vout. Vour is regulated by I to satisfy the load.
Current mode regulation improves transient
response and control loop stability.

MPQ3425 Rev. 1.1 www.MonolithicPower.com
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mP5 MPQ3425 - 3A, 55V BOOST CONVERTER WITH CONFIGURABLE fsw, AEC-Q100

APPLICATION INFORMATION

Selecting the Switching Frequency

The switching frequency (fsw) is set by R5, and
can be calculated with Equation (1):

fow =28x(R57°%) (1)
Where R5 is in kQ.

Table 1 shows more frequency options.
Table 1: Frequency Selection

R5 (kQ) Frequency (MHz)
180 0.26
160 0.29
150 0.31
143 0.32
66.5 0.62
35.7 1.06

25 1.44
18 1.91
16 212
14 2.37

UVLO Hysteresis

The MPQ3425 features a programmable UVLO
hysteresis (see Figure 2). When VIN powers
up, a 4pA current sink is applied to the resistor
divider attached to EN. Therefore, VIN must
increase by a set amount to overcome the
current sink. This amount is the current sink
times the resistor from VIN to EN. Once EN
reaches 1.5V, the current sink turns off to
create the reverse hysteresis for VIN falling.

VIN

MPQ3425

Figure 2: UVLO Hysteresis

The UVLO hysteresis can be calculated with
Equation (2):
UVLO Hysteresis = 4uA xRp (2)

Selecting the Soft-Start Capacitor

The MPQ3425 uses a soft-start (SS) timer that
limits Vcomp during start-up to prevent excessive

current at the input. This prevents premature
termination of the source voltage at start-up due
to an input current (liv) overshoot.

When power is applied to the MPQ3425 and
the EN pin is asserted, a 5pA internal current
source charges the external SS capacitor (Css).
As Css is charged, the SS voltage (Vss) rises.
When Vss reaches 250mV, the MPQ3425
begins switching at a quarter of the
programmed frequency. This is known as
frequency foldback mode.

At 800mV, fsw becomes the programmed value.
Soft start ends when Vss reaches 2.5V. This
limits I at start-up, forcing Iin to rise slowly to
the current required to regulate Vour.

The soft-start time (iss) is determined with
Equation (3):
Cssx10_9><2.5V

toe = 3
ss 6uA (3)

Where Css (nF) is the soft-start capacitor from
SS to GND.

Setting the Output Voltage

Vour is sensed through two sensing resistors in
series (R2 and R3). Vs is typically 1.225V.
Vour can be calculated with Equation (4):
R2
Vour =V, 1+ — 4
ouT rer X ( R3) (4)
Where R2 is the top feedback resistor, R3 is the
bottom feedback resistor, and Vger is the
reference voltage (typically 1.225V).

Select feedback resistors in the 10kQ range or
higher for optimum efficiency.

Selecting the Input Capacitor

An input capacitor is required to supply AC
ripple current to the inductor while limiting noise
at the input source. A low-ESR capacitor is
required to keep noise minimal. Ceramic
capacitors are recommended, but tantalum or
low-ESR electrolytic capacitors are also
sufficient.

Use an input capacitor with a value greater than
4.7uF. The capacitor can be electrolytic,
tantalum, or ceramic. However, since the

MPQ3425 Rev. 1.1
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mP5 MPQ3425 - 3A, 55V BOOST CONVERTER WITH CONFIGURABLE fsw, AEC-Q100

capacitor absorbs the input switching current, it
requires an adequate ripple current rating. Use
a capacitor with an RMS current rating greater
than the inductor ripple current. See the
Selecting the Inductor section to determine the
inductor ripple current.

To ensure stable operation, place the input
capacitor as close to the IC as possible.
Alternately, a smaller, high-quality, 0.1pF
ceramic capacitor may be placed closer to the
IC with the larger capacitor placed further away.
If using this technique, the larger capacitor
should be tantalum or electrolytic. All ceramic
capacitors should be placed close to the
MPQ3425.

Selecting the Output Capacitor

The output capacitor must maintain the DC
output voltage. Low-ESR capacitors are
recommended to keep the output voltage ripple
low. The characteristics of the output capacitor
also affect the stability of the regulation control
system. Ceramic, tantalum, or low-ESR
electrolytic capacitors are recommended. With
ceramic capacitors, the capacitance dominates
the impedance at the switching frequency, so
the output voltage ripple is independent of the
ESR. The output voltage ripple (VrirrLe) can be
estimated with Equation (5):

V
(1- Vv = )%lono
ouT (5)

Cour *fsw

VRIPPLE =

Where Vin and Vour are the DC input and
output voltages respectively, loap is the load
current, fsw is the switching frequency, and Cour
is the capacitance of the output capacitor.

With  tantalum or low-ESR electrolytic
capacitors, the ESR dominates the impedance
at the switching frequency. Estimate the output
voltage ripple (VrirprLe) With Equation (6):

\Y/
(1- "Ny
V ~ Vour o l.ono X Resr % Vour (6)
RIPPLE = +
Cour *fsw Vin

Where Resr is the equivalent series resistance
of the output capacitor.

Choose an output capacitor that satisfies the
output ripple and load transient requirements of

the design. A 4.7uF to 22uF ceramic capacitor
is suitable for most applications.

Selecting the Inductor

A larger-value inductor results in less ripple
current and a lower peak inductor current,
reducing stress on the internal N-channel
switch. However, a larger-value inductor also
has a larger physical size, higher series
resistance, and lower saturation current.

Allow the peak-to-peak ripple current to be
approximately 30% to 50% of the maximum
input current. Ensure that the peak inductor
current is below 75% of the current limit at the
operating duty cycle to prevent regulation loss
caused by the current limit. The inductor must
not saturate under the worst-case load transient
and start-up conditions. Calculate the required
inductance with Equation (7):

_ Vin  (Vour = Vin)

Vour X fgw x Al

L

(7)

Where Al is the peak-to-peak inductor ripple
current, Al = (30% to 50%) X lLoap_max.

Calculate the max input current (I max) with
Equation (8):

X lLOADiMAX (8)

Vin X1

I _ VOUT

IN_MAX —

Where l.oap max is the maximum load current,
and n is the efficiency.

Selecting the Diode

The output rectifier diode supplies current to the
inductor when the internal MOSFET is off. Use
a Schottky diode to reduce losses caused by
the diode forward voltage and recovery time.
The diode should be treated for a reverse
voltage equal to or greater than Vour. The
average current rating must be greater than the
maximum load current, and the peak current
rating must be greater than the peak inductor
current.

Compensation

The output of the transconductance error
amplifier (COMP) is used to compensate for the
regulation control system. The system uses two
poles (Fp1 and Fpz) and one zero (Fz) to
stabilize the control loop. Fpy is set by the

MPQ3425 Rev. 1.1
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mP5 MPQ3425 - 3A, 55V BOOST CONVERTER WITH CONFIGURABLE fsw, AEC-Q100

output capacitor (Cour) and the load resistance
(Rioap). Fp2 is set by the compensation
capacitor (Ccowp). Fz1 is set by the
compensation resistor (Rcomp) and Ccowmp.

These poles are determined by Equation (9),
Equation (10), and Equation (11), respectively:

1

F, = Hz 9)
7l 2xMx RLoap % COUT (hz)
_ Gea Hz 10)
P2_2XHXAVEAXCCOMP( ) (
F, 1 (Hz)  (11)

- 2xMx Reove % Ceomp

Where Rioap is the load resistance, Gea is the
error amplifier transconductance, and Avea is
the error amplifier voltage gain.

The DC loop gain can be calculated with
Equation (12):

Avea X Vin XRioap * Ves X Ges (VIV) (12)
0.5x Vgy;?

AVDC =

Where Gcs is the compensation voltage to the
inductor current gain, and the Vrs is the
feedback regulation threshold.

There is also a right half-plane zero (RHPZ)
that exists in continuous conduction mode in
step-up converters, where I. does not drop to
zero in each cycle.

The RHPZ frequency (frup) can be calculated
with Equation (13):

f — I:{LOAD X( \/IN

P 2xTIxL ™ Vg

) (Hz)  (13)

Table 2 lists the recommended compensation
components for different input voltages, output
voltages, and capacitances of the most
frequently used output ceramic capacitors.
Ceramic capacitors have extremely low ESR
values, so a second compensation capacitor
from COMP to GND is not required.

For a faster control loop and better transient
response, set capacitor C7 to the
recommended value in Table 2. Then slowly
increase the resistance of R6 and check the
load step response on a bench to ensure that
the ringing and overshoot on Vour at the edge
of the load steps is minimal. Finally, check the
compensation by calculating the DC loop gain
and the crossover frequency.

The crossover frequency where the loop gain
drops to 0dB (a gain of 1) can be obtained
visually by placing a -20dB/decade slope at
each pole, and a +20dB/decade slope at each
zero. The crossover frequency should be at
least one decade below fryp at the maximum
output load current to obtain a high enough
phase margin for stability.

Table 2: Component Selection

Vin (V) | Vour (V) | Cout (UF) | Rcomp (kQ) | Ccomp (nF) | Switching Frequency (kHz) | Inductor (uH)
3 12 4.7 10 6.8 600 8.2
3 12 10 15 6.8 600 8.2
5 12 10 12 4.7 600 6.8
5 12 22 25 4.7 600 6.8
5 18 4.7 12 4.7 600 10
5 18 10 25 4.7 600 10
12 22 4.7 10 6.8 600 10
12 22 10 20 6.8 600 10
12 24 22 40 6.8 600 10
12 48 4.7 30 4.7 600 33
MPQ3425 Rev. 1.1 www.MonolithicPower.com 17
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mps MPQ3425 - 3A, 55V BOOST CONVERTER WITH CONFIGURABLE fsw, AEC-Q100

PCB Layout Guidelines

3. Place Cin close to IN for the best decoupling

Efficient PCB layout is critical for stable results.

operation and low noise. For best results, refer 4. Keep all feedback components close to FB

to Figure 3 and follow the guidelines below: to prevent noise injections on the FB trace.

1. Place all components as close to the IC as 5. Tie the ground return of Ci and Cour close
possible. to GND.

2. Keep the path between L1, D1, and Cour as
short as possible to minimize noise and
ringing.

BIAS q o =R

\

EN

F

VINSGND VOUTSGND
\ /
VINSENSE VOUTSENSE
Figure 3: Recommended PCB Layout
MPQ3425 Rev. 1.1 www.MonolithicPower.com 18
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mP5 MPQ3425 - 3A, 55V BOOST CONVERTER WITH CONFIGURABLE fsw, AEC-Q100

TYPICAL APPLICATION CIRCUITS

m L1 D1 > Vour o
I 6| 5 4 J_
c3
22“ Q2 2 22F
1 === u I
7 BIAS 1L
R1 FB
¢4 L jomka
47pF EN
?* R4
432kQ MPQ3425 vpp
c2
141 FsET 1 0.1uF
COMP
R5 121 35 R6 l
66.5kQ c5 > v o T 20kQ
LTar | 8 , 883 cs
1 © v O oo T a7F
B 11 151 8/ 9|10 £

Figure 4: Typical Application Circuit for Boost Topology (15V Output)

o [N L ssops 1y 48YI03A Vour
6 4 C3
22p I
C4 |

R2
2 383kQ < 7“F

R1 4

FB ?

L1OOKQ %
2 Q
s Lo e 1ipQ3aos o :

R4 Voo
14 dFSET 1 _L
COMP 0.1pF
66.5ES _,_71238 R6 1
cs | . Y o o 20k
= [ 3WF) £ 222 C6
1 O Y O O O _|_
] 58 910 _14.7nF

-
ill -

Figure 5: Typical Application for Boost Topology (48V Output)
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mP5 MPQ3425 - 3A, 55V BOOST CONVERTER WITH CONFIGURABLE fsw, AEC-Q100

TYPICAL APPLICATION CIRCUITS (continued)

Vin [

1uF
3.5V to 36V, >6V Start-Up L1 | 50V Nm 12V/1 5A Output
l R7 15H i 50V/3A l l l
D—||I-% 1OC1F 51KQ >—|
© H ci12
v | oo
= >Q1 1uF L2 = = = —
GND D2 S0V 154H GND GND GND GND
5.6V ]
c2| 1uF =
R1 —_ GND 4 R4
100kQ GND ; 270sz: 104kQ
% 3| GND 4lsl6
EN 2 BIAS 555 7 ¢7 a
=, o EN ut VDD ™50k |_|||5
NS 14 |rser  MPQ3425 reli3
150kQ
[a]
L RS 121 2 22 Z compH—o
= [ORNORNORN N [©]
GND A o a w < R5
C3 8] 9] 1015 11 R6 10kQ
10kQ
G?ND 33nF 1G5
= (o] 680pF =
= GND GND
GND 3.3nF
GND

Figure 6: Typical Application for SEPIC Topology (BIAS with NPN Plus 5.6V Zener Diode)
Table 3: Vin Supply Current for Different fsw

Vv |
fsw (MHz) CuIrNrSrl:tp(mA)
0.5 3
1 4
2 7

MPQ3425 Rev. 1
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TYPICAL APPLICATION CIRCUITS (continued)

vinO

D2,

N

1uF
3.5V to 36V, >6V Start-Up C13 58\, D1 12V/1 5A Output
: A aaas || 2% N .
15uH [l
o Ci Ca 50V3A ool ool o1
10uF l ci2 22)F [1ouF]TouF J:D
50V = 2.9kQ 1uF
— u
— GND 50V L2 = = = =
GND 15uH GND GND GND GND
c2—= —
1uF GND c7 § R4
R1 — _—
— |—T—‘ 270pF 104kQ
100KQ § GND4 4lsl6 p
BIAS z= =
EN 2 nn»n 7 _Cs8 ,
= Ro EN ut VPP ™ g0nF [
NS § 14lrser MPQ3425 Fe|13
150kQ) .
= 121 2 22 Z compl—
= S O O O
GND o a0 0 W < R6 RS §
C4 8[ of 1o[15[ 11
10kQ 10kQ
= C5
oo | 33F e _LC |
= (o3 680pF =
= GND GND
GND 3.3nF

GND

Figure 7: Typical Application for SEPIC Topology (Start-Up through BIAS and Vour) ©
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TYPICAL APPLICATION CIRCUITS (continued)

MPQ3425 - 3A, 55V BOOST CONVERTER WITH CONFIGURABLE fsw, AEC-Q100

1uF
v 3.5V 10 36V, >6V Start-Up A~ G850V Nm ~ 12v15A Output
N[ l 15uH I OVI3A l l i
I 5
o ci2
o—i2 —
wl = o i I
50V, Grol MPa2013 1uF L i 1
50V ﬁ ﬂ ﬁ =
GND 15uH GND
5V > e
c2 GND c7 § R4
Al = 1040
100kQ 1uF 3 olsls 270pF
= BIAS ===
EN GND 2 R 7) 7 C3 o)
O R2 EN Ut vbb 100nF‘||_||| z
NS 14feser  MPQ3425 g3
150kQ .
— 1215 2 2 2 =z covpll 4
= [ORNORNORN N O]
GND o a4 0o W < R5
C4 g o] 10[15 11 R, 10kQ
10kQ
= c5
GND 33nF | _LC |
= C6 680pF =
= GND GND
GND

GND
Figure 8: Typical Application for SEPIC Topology (Start-Up through LDO)
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TYPICAL APPLICATION CIRCUITS (continued)

1uF
ve O 3.5V to 36V, >6V Start-Up A A | 50V Nm 12V/1 5A o%)ut
" C‘_L 15H [l
12 50V/3A
[ I—| 'z ’_|
) | o II T | °
50V
1uF
= sov 3 L2 GRb R GND =
GND 154H GND
v 5V to 10V L
= GND ci2 §R4
R1 _—
100kQ 1uF 3 AR 270pF 104kQ
R ===
EN GND 2 BIAS X7 R%) .
. Ro EN Ut vbD 100nF |'
14lse7 MPQ3425 rsl13
NS | 150kQ) R
== i2lss 222 =z covpll 4
= [OBNORNORNR O]
GND |:|_ Q. O W < R5
9l 10[15 11 R 10kQ
10kQ
= 33nF C5
GND I - 1
= C6 680pF =
= GND GND
3.3nF
GND

Figure 9: Typical Application for SEPIC Topology (Start-Up through BIAS) ©

Note:

5) See Table 3 on page 20 for the V\y Supply Current for Different fsw.
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PACKAGE INFORMATION
QFN-14 (3mmx4mm)
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PACKAGE INFORMATION (continued)
QFN-14 (4mmx4mm)
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CARRIER INFORMATION

/OOOOOOOO

Pinl —» 1 e nre e
gieaer:]Eter
>
Feed Direction
. . . Carrier | Carrier
Part Number Package Quantity/ Quantity/ | Quantity/ Reel Tape Tape
Description Reel Tube Tray Diameter Width Pitch
MPQ3425DL- QFN-14 .
AEC1-Z (3mmx4mm) 5000 N/A N/A 13in 12mm 8mm
MPQ3425GRE- QFN-14 .
AEC1-Z (4mmx4mm) 5000 N/A N/A 13in 12mm 8mm
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