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DESCRIPTION

The MP2322 is a synchronous, rectified, step-
down, switch-mode converter with built-in
internal power MOSFETs and high light-load
efficiency. The MP2322 offers a very compact
solution that achieves 1A of continuous output
current with excellent load and line regulation
over a wide input supply range.

The MP2322 switching edge is optimized for
EMI reduction. Constant-on-time (COT) control
provides seamless mode transition and a fast
load transient response.

Full protection features include over-current
protection (OCP), over-voltage protection
(OVP), and thermal shutdown.

The MP2322 requires a minimal number of
readily available, standard, external
components and is available in a space-saving
QFN-8 (1.5mmx2mm) package.

MP2322

1A, 3-22V, 54A lg, Synchronous,

Step-Down Converter in 1.5x2mm QFN

FEATURES

e Wide 3V to 22V Operating Input Range
e 5pA Low lg

e 1A Load Current

e  260MmQ/120mQ Rps(on) Internal Power

MOSFETs
¢ High Efficiency from 100uA to 1A Load
during Vin from 4V to 22V
e Power-Save Mode (PSM) in Light-Load
Condition
1.25MHz Fixed Switching Frequency during
CCM
Ton Extension to Support Large Duty Cycles
Power Good (PG) Indication
EN Shutdown Output Discharge
OCP and OVP and Hiccup
Output Adjustable from 0.6V
Available in a QFN-8 (1.5mmx2mm)
Package

APPLICATIONS

10T

Home Automation, Home Security

Single- or Multi-Cell Li-lon Battery Systems
Multi-Cell Dry Battery Systems

12V Input Power Rails

White Goods

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.

TYPICAL APPLICATION

Efficiency vs. Output Current
ViNn =12V, Vour = 3.3V, L =3.3pH, DCR =

3-22v
VINO IN BST Cc3 ImQ
J— 0.1pF
C1 100
220F L1 vout %
33uH  33V1A |
= SW 80
3.3v MP2322 S
> 60 |-
R3 %
100kQ _5 50
PG g 40
FB o 30
vce e \/in=4.5V |
c+ [ ] GND 20 ——Vin=12V |
W T il 18 Vin=22v
- - 0.0001 0.001 0.01 0.1 1
Load current(A)
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mps MP2322 - 22V, 1A, LOW lg, STEP-DOWN CONVERTER

ORDERING INFORMATION

Part Number* Package Top Marking
MP2322GQH QFN-8 (1.5mmx2mm) See Below

* For Tape & Reel, add suffix —Z (e.g.: MP2322GQH-2).

TOP MARKING

FN
LL

FN: Product code of MP2322GQH
LL: Lot number

PACKAGE REFERENCE

TOP VIEW

| |
GND 1 8 SW
IN 2 7 BST
EN 3 6 PG
vce 4 5 FB

| |

QFN-8 (1.5mmx2mm)

MP2322 Rev. 1.01 www.MonolithicPower.com 2
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MP2322 - 22V, 1A, LOW lg, STEP-DOWN CONVERTER

PIN FUNCTIONS

Package o
Pin # Name Description
System ground. GND is the reference ground for the regulated output voltage and
1 GND : : . ) .
requires special consideration during the PCB layout.
Supply voltage. The MP2322 operates from a +3V to +22V input rail. A capacitor
2 IN (C1) is required to decouple the input rail. Use wide PCB traces or multiple vias to
make the connection.
3 EN Enable control. Apply a logic high voltage to EN to enable the IC. Pull EN to logic
low to disable the IC. Do not float EN.
Internal 3.3V LDO output. VCC powers the driver and control circuits. Decouple
4 VCC VCC with a minimum 1uF ceramic capacitor placed as close to VCC as possible.
X7R or X5R grade dielectric ceramic capacitors are recommended for their stable
temperature characteristics.
5 FB Feedback. FB sets the output voltage when connected to the tap of an external
resistor divider connected between output and GND.
Power good output. PG is an open drain. PG indicate both output under-voltage
6 PG (UV) and over-voltage (OV) conditions. PG does not respond to BST low/UV
conditions.
Bootstrap. Connect a capacitor between SW and BST to form a floating supply
7 BST ; . . ;
across the high-side switch driver.
8 SW Switch output. Connect SW using wide PCB traces.
ABSOLUTE MAXIMUM RATINGS @ Thermal Resistance ® @12 6ic
VINy VEN coeeieeiieeeee e -0.3V to +24V QFN-8 (1.5mmx2mm) ........... 110..... 55...°C/W
VSW eeveiiieiieein e -0.3V (-5V < 10ns) p—
NOTES:
to +24V (28\/ < 10ns) 1) Exceeding these ratings may damage the device.
VBST ..................................................... VSW + 4V 2) The maximum allowable power dissipation is a function of the
=TS 6.5V maximum junction temperature T, (MAX), the junction-to-
. ambient thermal resistance 0,5, and the ambient temperature
A” Other plnS ............................... 'O.3V tO +4.3V TA- The maximum a”OWabIe JCAOntinUOUS pOWer diSSipation at
Continuous power dissipation (Ta = +25°C) @) any ambient temperature is calculated by Pp (MAX) = (T,
(MAX)-Ta)/0;4. Exceeding the maximum allowable power
................................................................ 114W dissipation produces an excessive dle temperature7 Causing
Junction temperature ............ccccevvvveneennnn. 150°C the regulator to go into thermal shutdown. Internal thermal
Lead temperature 260°C shutdown circuitry protects the device from permanent
............................ s ) damage.
Storage temperature.................. -65°C to 150°C 3) The device is not guaranteed to function outside of its

operating conditions.

Recommended Operating Conditions ¢ 4) Measured on JESD51-7, 4-layer PCB.

Supply voltage (Vin)

Output Voltage (Vour)

..................... 3V to 22V
........... 0.6V to ViN*Dmax

or 12V max

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

MP2322 Rev. 1.01
9/6/2019
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mP5 MP2322 - 22V, 1A, LOW lg, STEP-DOWN CONVERTER

ELECTRICAL CHARACTERISTICS
Vin =12V, T; =-40°C to +125°C ®, typical value is tested at T; = +25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max Units
Supply current (shutdown) lIn_sp 2 MA
Supply current (quiescent) lo Ve = 0.7V 5 9 MA
HS switch on resistance HSRrbs(on) 260 450 mQ
LS switch on resistance LSrbs(on) 120 200 mQ
Switch leakage SWike Ven = 0V, Vsw = 22V/0V 1 MA
LS valley current limit IVALLEY 11 14 1.7 A
LS sink current limit ® ILssINK OVP or output discharge -600 mA
Switching frequency fsw Vout = 3.3V, in CCM -10% 1250 +10% kHz
Minimum off time ©® ToFF_MIN 140 ns
Minimum on time ® Ton_MIN 40 ns
Maximum duty cycle Dwmax Veg = 500mV 96 98 %

VEBr Room temp 594 600 606 mV
Feedback voltage

VeBr Over temp -1.5% 600 +1.5% mV
Feedback current Irs Ves = 620mV 10 50 nA
Sr‘;ttgztﬂg‘rﬁ;‘i’r?gage Vove R 116% | 121% | 126% | Vrer
t(IJr;J';pg over-voltage deglitch tovp 8 us
Output over-voltage Vove_F 106% | 111% | 116% | Vre
protection recovery -
:Q?e‘;ﬂgledr'x;'%ge lockout INUVvin 263 | 2.80 | 297 Vv
s votsge koMt | uvis m
Soft-start period Tss 10% to 90% Vour 1 1.3 1.6 ms
VCC voltage Vce lcc = 2.5mA 3.1 3.3 3.5 \%
VCC voltage regulation Vce_re lcc =0-5mA 0.1 0.5 0.9 %
Thermal shutdown © Tstp 150 °C
Thermal hysteresis © Thys 20 °C
EN rising threshold VEN_R 1.05 1.20 1.35 \%
EN hysteresis VEN_F 150 mV
EN input current len Ven = 2V 0.1 MA
PG UV rising VpPG_uv_R 87% 92% 97% Vref
PG UV falling VpG_uv_F 82% 87% 92% Vref
PG QV rising VpPG_ov R 108% | 113% | 118% Vref
PG QV falling VpG_ov F 103% | 108% | 113% Vref
PG rise delay trG_R_DLY 200 us
PG falling delay trG_F DLY 50 us
PG sink current capability Vee_sink | Sink ImA 0.4 Y

NOTES:
5) Not tested in production. Guaranteed by over-temperature correlation.
6) Guaranteed by design and engineering sample characterization.

MP2322 Rev. 1.01 www.MonolithicPower.com 4
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MP2322 - 22V, 1A, LOW lg, STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS
Vin =12V, Vour = 3.3V, L = 3.3uH, Ta = 25°C, unless otherwise noted

Efficiency(%)

Efficiency(%)

Efficiency vs. Output Current
Vin = 12V, Vour = 1V, L = 2.2uH, DCR = 11.4mQ
100
90 =2l
80
70
60
50
40

30 Vin=4.5V
—ined,

20 —_—\inE12V

10 Vin=22V

O |

0.0001  0.001 0.01 0.1 1

Load current(A)

Efficiency vs. Output Current
Vin = 12V, Vour = 1.8V, L = 3.3uH, DCR = 9mQ

100 I
o B e =
7

70 F—
60 —
50 |~
40
30 ——\in=4.5V
20 —\/iN=12V
10 Vin=22V -
0 |

0.0001 0.001 0.01 0.1 1

Load current(A)

Efficiency vs. Output Current
Vin = 12V, Vour = 5V, L = 4.7uH, DCR = 24.5mQ

Efficiency(%)

Efficiency(%)

Efficiency vs. Output Current
Vin =12V, Vour = 1.2V, L = 2.2uH, DCR = 11.4mQ
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Load current(A)
Efficiency vs. Output Current
Vin = 12V, Vour = 2.5V, L = 3.3uH, DCR = 9mQ
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Load current(A)

Efficiency vs. Output Current
Vin =12V, Vour = 3.3V, L = 3.3uH, DCR = 9mQ
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- 2
g 20 & 50
2 o
5 40 =\/in=6V o 40
i ——vin=ry | > ——Vin=4.5V
20 e \/iN=12V T 20 DA |
10 Vin=22V - 10 Vin=12v |
| Vin=22V
0 0 .
0.0001 0.001 0.01 0.1 1 0.0001 0.001 0.01 0.1 1
Load current(A) Load current(A)
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mps MP2322 - 22V, 1A, LOW lg, STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =12V, Vour = 3.3V, L = 3.3uH, Ta = 25°C, unless otherwise noted

Load Regulation Line Regulation
Vin=4.5-22V Vin=4.5-22V
0.2 . . 0.2
e \/in=12V
0.15 —_——Vin=22V ] 0.15 /
L 01 Vin=4.5V _] 0.1 7
5 ANEIN\§ = /
= 0.05 q‘ \ 3\/ 0.05 /
ERy = S 0 ]
3 S : \ | /]
@ N = |
0.05 3 -0.05
g 8 N/ |
3 -0.1 | PR -0.1 \-/ lo=0A A
0.15 = 0.15 0206~
e N e lo=1.2A |
-0.2 -0.2
0 200 400 600 800 1000 4 8 12 16 20 24
Load Current(mA) Input Voltage(V)
Quiescent Current vs. Input Voltage Shutdown Current vs. Input Voltage
Ven =5V, Ves = 0.64V Ven = OV
I 1.8
7 1.6 .
) /
6 — E L //
< ,/ T 12
S 5 s |
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= 14 ° 08
O 3 =
° =t
° 2 0.4
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3 0.2
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4 8 12 16 20 24 4 8 12 16 20 24
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Case Temperature Rise vs. Output Vin UVLO vs. Temperature

Current
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10 // S
~ o 285
S 8 / g
b ©
£ 6 o 280 —
@ £
£ @ ~ |
s 4 e
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ZI
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =12V, Vour = 3.3V, L = 3.3uH, Ta = 25°C, unless otherwise noted

MP2322 - 22V, 1A, LOW lg, STEP-DOWN CONVERTER

Rbson) VS. Temperature Operation Range of V\y and Vour for

High Light-Load Efficiency
(Areainside blue line indicates recommended

values)
500 T | 24
= Rds_on LS
— R H
400 | ds_on_HS /’ 20
c = % 16
< " 512
w200 2
o) — >
o g 8 pad
100 4 /
0 0
-40 0 40 80 120 160 0 5 10 15
Temperature(oC) Output Voltage(V)
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MP2322 - 22V, 1A, LOW lg, STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 12V, Vour = 3.3V, L = 3.3pH, Ta = 25°C, unless otherwise noted.

Input/Output Ripple

Input/Output Ripple

lout = 0A lout = 1A
R e e e e e e e e e e e e Y e e e e e e o e e R
: u
; CHL: o e s
: Vourl/AC L1 g T i Yo S
- L 20mV/div.
CH1: : o ;
Vour/AC  |7f. . / bt e g
20mV/div. : “F :
ﬁ\ ................. ;
1o0vidiv. 31 e CH3: Vs [ e —
CHalL | | wovidiv. | f /e e N
500mA/div. CH4: IL \ . . s . .
R e e 1A/div.  [@f L
2us/div. 400ns/div.
Start-Up through Input Voltage Start-Up through Input Voltage
lout = 0A lout = 1A
— - P T—p——
CHL1: Vour CHL1: Vour .
2V/div. ; 2V/div.
11 [TF
B 73 T S TETNE S
R2: VPG | R2: VPG :
5V/div. . 5V/div.
CH3: st\/ CH3: st\/
5V/div. 5V/div.
CH4: IL CH4: IL
2A/div. R 2A/div.
Tf AL
1ms/div. ims/div.
Shutdown through Input Voltage Shutdown through Input Voltage
lout = 0A loutr = 1A
Frrr—
CH1: VOUT X . . CH1: VOUT
2V/div. S 2V/div. :
T [T
R2: VPG mwww«-m] _ R2: VPG
5Vidiv.  [Bfrrerieeee 5V/div.
CH3: Vsw CH3: Vey | [N -~ -
5V/div. . 5V/div.
CH4: IL - CHA: IL |3 s Oummum ]| i
2A/div. ; 2A/DIV. | [ ——————
B _
10ms/div. 1ms/div.
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MP2322 - 22V, 1A, LOW lg, STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =12V, Vour = 3.3V, L = 3.3pH, Ta = 25°C, unless otherwise noted.

Start-Up through EN

lout = 0A

Start-Up through EN
lout = 1A

. . [T}
CHL: Vour CHL: Vour
2V/div. S ; 2V/div.
|| 13
R2: VPG R2: VPG
5V/div. 5V/div.
CH3: Vsw CH3: Vsw
10V/div. 10V/div.
CH4: IL CH4: IL
2A/div.. ; : 2A/div.
B e
1ms/div. 1ms/div.
Shutdown through EN Shutdown through EN
lout = 0A lout = 1A
e — :
CH1: VOUT X . . E
2V/div. S . CHL: Vour N
) S N——— o VLIV, [T sttt i mmror s oot
R2: VPG :
svidiv. [P} R2: VPG [P bt bop i nummomismssmasopupapiomasinipdsssnpsipasmpsinpmose
CH3: Vew - SVIIV. | | L
10V/div. : CH3: Vsw
CH4: IL - 10V/div.
2Adiv. : CH4: IL
: : 2A/div.
¢ T I
1ms/div. 1ms/div.
Short-Circuit Protection Entry Short-Circuit Protection Recovery
T e e S -
CH1: VOUT CH1: VOUT ........ +
2V/div. - vidiv. el e e F :
CH3: Vsw CH3: Vsw
10V/div. _ e |EEEEW0 =
CHAIL - =t CH4: IL
2A/div. ’ 2A/div.
B
4ms/div.
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mps MP2322 - 22V, 1A, LOW lg, STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin =12V, Vour = 3.3V, L = 3.3pH, Ta = 25°C, unless otherwise noted.

Load Transient Response
lour = 0.5 - 1A, 2.5A/us

T
ch: |V T o
Vour/AC SRR
100mV/div.
CH4: lour " . \
500mA/div. : il :
. \
B -
100ps/div.

MP2322 Rev. 1.01
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mps MP2322 - 22V, 1A, LOW lg, STEP-DOWN CONVERTER

BLOCK DIAGRAM

e [y j]m
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Current Limit
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é P High-side
ss EA ' | [: Switch(NCH)
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Z {1 sw
Current Logic
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r Over Voltage Ls Switch (NCH)
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Figure 1: Functional Block Diagram
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MP2322 - 22V, 1A, LOW lg, STEP-DOWN CONVERTER

OPERATION

The MP2322 is a low quiescent current, fully
integrated, synchronous, rectified, step-down
switch converter. The MP2322 offers a very
compact solution that achieves 1A of output
current with excellent efficiency over a wide
input supply range.

Pulse-Width Modulation (PWM) Operation

The MP2322 uses constant-on-time (COT)
control to provide fast transient response and
easy loop stabilization. Figure 2 shows the
simplified ramp compensation block. At the
beginning of each cycle, the high-side MOSFET
(HS-FET) turns on whenever the ISENSE ramp
voltage (Visense) is lower than the error amplifier
output voltage (Veao), which indicates an
insufficient output voltage.

After the on period elapses, the HS-FET enters
the off state. By cycling the HS-FET between
the on and off states, the converter regulates
the output voltage. The integrated low-side
MOSFET (LS-FET) turns on when the HS-FET
is in its off state to minimize the conduction
loss.

REF

FB

ISENSE

Figure 2. Simplified Control Block

Shoot-through occurs when the HS-FET and
LS-FET are both turned on at the same time,
causing a dead short between the input and
GND. Shoot-through  reduces efficiency
dramatically. To prevent this, the MP2322
generates a dead time (DT) internally between
the HS-FET off and LS-FET on period or the
LS-FET off and HS-FET on period. The device
enters either heavy-load or light-load operation
depending on the amplitude of the output
current.

Light-Load Operation

When working in light-load condition, the
MP2322 reduces the switching frequency
automatically to maintain high efficiency, and

the inductor current drops almost to zero. When
the inductor current reaches zero, the LS-FET
driver goes into tri-state (Hi-Z). The current
modulator controls the LS-FET and limits the
inductor current to about OA (see Figure 4). The
output capacitors discharge slowly to GND
through the LS-FET and feedback resistors (R1,
R2). This operation improves device efficiency
greatly when the output current is low.

Ton is constant

v
N_y, /
Current Modulator WM v
regulates around f sw
OmA \ Vou?
I
PN ——2 M— lout

Visense

Vero

Figure 4: Light-Load Operation

Light-load operation is also called skip mode
because the HS-FET does not turn on as
frequently as it does during heavy-load
conditions. The HS-FET turn-on frequency is a
function of the output current. As the output
current increases, the current modulator
regulation time period becomes shorter, and the
HS-FET turns on more frequently. The
switching frequency increases in turn. The
output current reaches the critical level when
the current modulator time is zero and can be
determined with Equation (1):

L (Vin—=Vour) x Vour 0
ouT 2xLxFswx VN ©)

The device reverts to pulse-width modulation
(PWM) mode once the output current exceeds
the critical level. Afterward, the switching
frequency remains constant over the output
current range.

VCC Regulator

A 3.3V internal regulator powers most of the
internal circuitries. Decouple VCC with a
minimum 1uyF ceramic capacitor as close to
VCC as possible. This regulator takes the Vi
input and operates in the full Viv range. When
Vin is greater than 3.3V, the output of the
regulator is in full regulation. When V is lower
than 3.3V, the output voltage decreases and
follows the input voltage.

MP2322 Rev. 1.01
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MP2322 - 22V, 1A, LOW lg, STEP-DOWN CONVERTER

Floating Driver and Bootstrap Charging

An external bootstrap capacitor powers the
floating power MOSFET driver. This floating
driver has its own under-voltage lockout
(UVLO) protection. The UVLO’s rising threshold
is 2.2V with a hysteresis of 150mV. The
bootstrap capacitor voltage is regulated
internally by VCC through M1, C4, L1, and C2
(see Figure 5). The BST capacitor (C4) voltage
is charged up quickly by VCC through M1.

| 1

1 M1 :

1

I VCC I BST

I g T

1 1

Gy ey

|

T R =
1

I Turnon PMOS 1 SW c2

: when LS is turn on : I
o e e e 1 —

Figure 5: Bootstrap Charging Circuit

Soft Start (SS)

The MP2322 employs a soft start (SS)
mechanism to ensure a smooth output during
power-up. When the part is enabled and the
BST voltage reaches its rising threshold, an
internal current source starts to charge up the
internal SS capacitor. The SS capacitor voltage
takes over the REF voltage (Vger) to the PWM
comparator. The output voltage ramps up
smoothly with the SS voltage (Vss). Once Vss
rises above Vger, it continues ramping up while
the PWM comparator only compares Vgrer and
Vrs. At this point, the soft start finishes, and the
MP2322 enters steady-state operation.

The internal soft-start time is set at fixed 1.3ms
(Vour from 10 - 90%). The output capacitance
value should be no larger than 470uF to avoid
triggering the current limit during start-up.

Pre-Bias Start-Up

The MP2322 is designed for monotonic start-up
into pre-biased Vour loads. If the output is pre-
biased to a certain voltage during start-up, the
BST voltage is refreshed and charged, and the
voltage on the internal soft-start capacitor is
charged as well. If the BST voltage exceeds its
rising threshold voltage and the soft-start
capacitor voltage exceeds the sensed output
voltage at FB, the MP2322 begins to switch.

Power Good (PG)

The MP2322 uses a power good (PG) output to
indicate whether the output voltage is ready or
not. PG is an open-drain output. Connect PG to
VCC or another voltage source through a pull-
up resistor (e.g.: 100kQ). When the input
voltage is applied, PG is pulled down to GND
before the internal Vss becomes greater than
1V. After Vss > 1V and Vegs is above 92% of
Vrer, PG is pulled high after a 200us delay
time. During normal operation, PG is pulled low
when Veg drops below 87% of Vrer after a 50us
delay.

If EN becomes low, over-temperature protection
(OTP) occurs or input voltage UVLO occurs,
PG is pulled low immediately. In an over-current
(OC) condition, PG is pulled low when Vg
drops below 87% of Vgrer after a 50us delay.

PG also indicates the output over-voltage
condition with a 113% Vger rising threshold, 108%
Vrer falling threshold, and 200us/50us deglitch
timer. Note that this threshold is lower than the
over-voltage protection (OVP) discharge
threshold.

Low Dropout Operation

To reduce the Viv-to-Vour dropout voltage, the
MP2322 is designed to extend the on time
when the minimum off time is triggered. The
HS-FET on time is extended, and the frequency
drops. The typical minimum frequency is
240kHz. When the frequency drops to 240kHz,
the duty cycle reaches the maximum duty cycle
(Dmax) when the on time is at its maximum
value. If the input voltage continues to drop, the
MP2322 works at 240kHz, and the output
voltage drops.

The typical Dumax is calculated with Equation (2):

Dymax =1-— Toff_min X fsw_min (2)
Where Toft_ min = 140ns, and fsw_min = 240kHz.

Output Over-Voltage Protection (OVP)

The MP2322 monitors the output voltage and
enters OVP discharge mode once the output
voltage is higher than 120% of the regulation
voltage for more than 8us. In OVP discharge
mode, the LS-FET turns on until the low-side
current drops to the negative current limit. This
discharges the output and keeps the output
voltage within the normal range. If the output

MP2322 Rev. 1.01
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voltage over-voltage (OV) condition still remains,
the LS-FET turns on again after a fixed delay to
repeat the discharge behavior.

The MP2322 exits this discharge mode when
Ves is decreased below 110% of Vger.

If the MP2322 input voltage during OVP
discharge mode exceeds 24V of the input OVP,
the MP2322 shuts down until the input voltage
drops below 22V. Then, the MP2322 restarts.
This input OVP function is only active during the
output OV condition.

Output Discharge

The MP2322 involves a discharge function that
provides an active discharge path for the
external output capacitor. The function is active
when the MP2322 is in EN disable mode. When
EN is disabled, the HS-FET turns off, and the
LS-FET turns on to discharge Vour. When the
low-side current reaches the negative current
limit, the LS-FET turns off. After a fixed delay
time, the LS-FET turns on again. This behavior
repeats until FB drops low.

Over-Current Protection (OCP) and Short-
Circuit Protection (SCP)

The MP2322 has a valley current-limit control.
The inductor current is monitored during the LS-
FET turn-on state. When the sensed inductor
current is higher than the valley current-limit
threshold, the device enters over-current
protection (OCP) mode, the HS-FET is not
allowed to turn on until the valley current limit is
removed. Meanwhile, the output voltage drops
until it is below the under-voltage (UV)
threshold (typically 60% below the reference).

Once UV and OC are both triggered, the
MP2322 enters hiccup mode to restart the part
periodically. The hiccup duty cycle is very small
to reduce power dissipation during short-circuit
conditions. During OCP, the device attempts to
recover from the over-current fault with hiccup
mode. This means that the chip disables the
output power stage, discharges the soft-start
capacitor, and attempts to soft start again
automatically. If the over-current condition still
remains when the soft start elapses, the device
repeats this operation. OCP is a non-latch
protection.

Enable (EN)

EN is a digital control pin that turns the
regulator on and off. Drive EN high to turn on
the regulator. Drive EN low to turn off the
regulator. EN cannot be floated. EN can
operate with a 22V input voltage, which allows
for EN to be connected to Vi directly for
automatic start-up.

Under-Voltage Lockout (UVLO) Protection

The MP2322 has a UVLO protection. When the
input voltage is higher than the UVLO rising
threshold voltage, the MP2322 powers up. The
MP2322 shuts down when the input voltage is
lower than the UVLO falling threshold voltage.

Thermal Shutdown

The MP2322 employs thermal shutdown by
monitoring the junction temperature of the IC
internally. If the junction temperature exceeds
the 150°C threshold, the converter shuts off.
This is a non-latch protection. There is a
hysteresis of about 20°C. Once the junction
temperature drops to about 130°C, a soft start
is initiated.

MP2322 Rev. 1.01
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APPLICATION INFORMATION

Setting the Output Voltage

The external resistor divider is used to set the
output voltage. First, choose a value for R2. R2
should be chosen reasonably since a small R2
leads to considerable quiescent current loss but
a large R2 makes FB noise-sensitive. R2 is
recommended to be between 100 - 500kQ.
Typically, a 1 - 5uA current through R2 provides
a good balance between system stability and
no-load loss. Then R1 can be determined with
Equation (2):

VOUT — VREF
V

REF

Rl= xR2 @)

A feedforward capacitor is required in the
layout. C5 is parallel with R1 for an additional
zero-pole pair. The feedback circuit is shown in
Figure 6.

Vout

MP2322
Ry £ C5_—

FB
1 R

Figure 6: Feedback Network

Table 1 lists recommended resistor and
capacitor values for common output voltages.

Table 1: Resistor Selection for Common Output

Voltages
Vour (V) | R1(kQ) | R2 (kQ) | L (uH) | C5 (pF)

1.0 147 220 2.2 22
1.2 220 220 2.2 22
1.8 440 220 3.3 22
2.5 697 220 3.3 22
3.3 976 220 3.3 22

5 1613 220 4.7 22

Selecting the Inductor

An inductor is necessary for supplying constant
current to the output load while being driven by
the switched input voltage. A larger-value
inductor results in less ripple current and a
lower output ripple voltage but also has a larger
physical footprint, higher series resistance, and
lower saturation current. For low output current
buck applications, a proper discontinuous

conduction mode (DCM) threshold should be
considered. A good rule for determining the
inductance value is to design the peak-to-peak
ripple current in the inductor to be twice the
DCM current threshold (10 ~ 25% of the
maximum output current). The inductor current
should be in the range of 20 ~ 50% of the
maximum output current. The inductance value
can be calculated with Equation (3):

L = Vour x (1— VOUT) 3)
Fow X Al Vin

Where Al_ is the peak-to-peak inductor ripple
current.

The inductor should not saturate under the
maximum inductor peak current, where the
peak inductor current can be calculated with
Equation (4):

VOUT V

Lo =lo + x(1- -2 4)
tp = lout 2F,,, xL ( VIN)

Selecting the Input Capacitor

The input current to the step-down converter is
discontinuous and therefore requires a
capacitor to supply AC current to the step-down
converter while maintaining the DC input
voltage. Ceramic capacitors are recommended
for the best performance and should be placed
as close to Vi as possible. Capacitors with X5R
and X7R ceramic dielectrics are recommended
because they are fairly stable with temperature
fluctuations.

The capacitors must also have a ripple current
rating greater than the maximum input ripple
current of the converter. The input ripple current
can be estimated with Equation (5):

V V
low = lour ¥ \/ \C/)I:T x(1- —\(Z:T ) (%)

The worst-case condition occurs at Vin = 2Vour,
shown in Equation (6):

| = OuT 6
CIN 2 (6)

For simplification, choose an input capacitor
with an RMS current rating greater than half of
the maximum load current.
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The input capacitance value determines the
input voltage ripple of the converter. If there is
an input voltage ripple requirement in the
system, choose an input capacitor that meets
the specification.

The input voltage ripple can be estimated with
Equation (7):

| V, V,
AV, = = OUTC % \(;UT x(1— \C/)UT) @)
sw X “IN IN IN

The worst-case condition occurs at Vin = 2Vour,
shown in Equation (8):

A\/IN = Exﬂ (8)
4 K, xC,

Selecting the Output Capacitor

An output capacitor is required to maintain the
DC output voltage. Ceramic or POSCAP
capacitors are recommended. The output
voltage ripple can be estimated with Equation

(9):

Moy = =2 x (1) x Regg + —————) (9)
Sw X L \/IN 8 X FSW X COUT

In the case of ceramic capacitors, the
impedance at the switching frequency is
dominated by the capacitance. The output
voltage ripple is caused mainly by the
capacitance. For simplification, the output
voltage ripple can be estimated with Equation
(20):

VOUT X(l— VOUT) (10)

IN

AV,

out — 2
8xFgy xLxCqyr

The output voltage ripple caused by the ESR is
very small. In the case of POSCAP capacitors,
the ESR dominates the impedance at the
switching frequency.

A larger output capacitor can achieve a better
load transient response, but the output ripple
and maximum output capacitor limitation must
be considered in the design application. If the
output capacitor value is too high, the output
voltage will not be able to reach the design
value during the soft-start time and will fail to
regulate.

The maximum output capacitor value (Co max)
can be limited approximately with Equation (11):

CO_MAX = (ILIM_AVG _IOUT) XTss /VOUT (11)

Where Ium_ave is the average start-up current
during the soft-start period, and Tss is the soft-
start time.

PCB Layout Guidelines

Efficient layout of the switching power supplies
is critical for stable operation. A poor layout
design can result in poor line or load regulation
and stability issues. For best results, refer to
Figure 7 and follow the guidelines below.

1. Place the high-current paths (GND, IN, and
SW) very close to the device with short,
direct, and wide traces.

Add more vias on the GND plane.

Place the input capacitor as close to IN and
GND as possible.

4. Place the feedback resistors (R1 and R2)
close to IC.

5. Connect a VCC capacitor close to VCC with
a short, direct GND trace.

NOTE:
7) The recommended layout is based on the Typical Application
Circuit shown in Figure 8.

GND

C2

- 00
00
9 > o 00
5
GND[— ® s

IN [N N

EN[&] @]

veg ] o]

B

Figure 7: Recommended Layout
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Design Example

Table 2 shows a design example when ceramic
capacitors are applied.

Table 2: Design Example

Vour (V) 3.3
Cout (|.|F) 22

L (uH) 3.3
R1 (kQ) 976
R2 (kQ) 220

The detailed application schematic is shown in
Figure 8. The typical performance and
waveforms are shown in the Typical
Characteristics section. For more devices
applications, please refer to the related
evaluation board datasheet.
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TYPICAL APPLICATION CIRCUIT

VIN 2 7
O—e——o . IN BST c3
C1L31A4LC1EL 0.1pF
104F | 10WF 0. 14F T U vour
. 3.3puH 3.3VA1A
= 3 {eN —0
3 MP2322 L o
PG 22uF
R3 =
100kQ
4
vce
GND 220kQ

Cc4
N —

Figure 8: Vin= 12V, Vourt = 3.3V, lout = 1A
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PACKAGE INFORMATION

QFN-8 (1.5mmx2mm)

140, 0.30 .. .1 035
160 0.40 0.45PIN1ID
PIN 11D ‘ "
MARKING \ ‘ oo - & 0.125X45° TYP
/ D | Y
|
A Ai e 1.90 050 1 737 L gi
PIN1ID 1.90 050
INDEX AREA | D |
| s | ]
! \
TOP VIEW BOTTOM VIEW
i
0.80
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L
! 0.00
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SIDE VIEW
NOTE:

——1.40—
0.125 X 45° FW%’ - .70T* 1) ALL DIMENSIONS ARE IN MILLIMETERS.
, 2) EXPOSED PADDLE SIZE DOES NOT INCLUDE
MOLD FLASH.
3) LEAD COPLANARITY SHALL BE 0.10
MILLIMETERS MAX.
4) JEDEC REFERENCE IS MO-220.
5) DRAWING IS NOT TO SCALE.

RECOMMENDED LAND PATTERN

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
products into any application. MPS will not assume any legal responsibility for any said applications.
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