The Future of Analog IC Technology =

MP2316

19V, 3A, 40pA lq, High-Efficiency
Constant On-Time (COT) Step-Down
Converter in 2x3mm QFN Package

DESCRIPTION

The MP2316 is a fully-integrated, high efficiency,
synchronous, step-down switch-mode converter,
featuring only 40uA quiescent current. This very
compact device achieves 3A continuous output
current over a wide input supply range with
excellent load and line regulation, and can
operate with high efficiency over a wide output
current load range. It's optimized for battery-
operated applications and applications requiring
high light load efficiency.

With Constant On-Time control, the MP2316
provides very fast transient response, easy loop
design as well as very tight output regulation.

Full protection features include SCP, OCP, UVP,
and thermal shutdown.

The MP2316 requires a minimal number of
readily available standard external components
with a space saving 2mmx3mm 14-pin QFN
package.

FEATURES

4V to 19V Operating Input Range

3A Output Current

40pA Quiescent Current

Output Adjustable from 0.6V

90mQ/30mQ High Side/Low Side Rpg(on) for
Internal Power MOSFETs

Power Good Indicator

e Programmable Soft-Start Time

Forced PWM or Auto PFM/PWM Mode
Selectable

Programmable Switching Frequency
Thermal Shutdown

Short Circuit Protection: Hiccup Mode
Available in QFN14 (2mmx3mm) Package

APPLICATIONS

Tablet PCs

Solid State Drives

Gaming

Battery-operated Applications

All MPS parts are lead-free, halogen free, and adhere to the RoHS directive. For
MPS green status, please visit MPS website under Quality Assurance.

“MPS” and “The Future of Analog IC Technology” are Registered Trademarks
of Monolithic Power Systems, Inc.
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MP2316 — 19V, 3A LOW I STEP DOWN CONVERTER

ORDERING INFORMATION

Part Number* Package Top Marking
MP2316GD QFN-14 (2mmx3mm) AFJ
* For Tape & Reel, add suffix —Z (e.g. MP2316GD-2);
PACKAGE REFERENCE
TOP VIEW
GND
[}
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-—— — --| -—— —
GNDl L ! 111 Jvee
— 3 -]
swiZ! iSW! (1o lesT
——— A -]
VIN[ 31 VNG {9 ]EN
FREQ/I 3 ] t 8 Jcr
MODE
PGI 3! L__]FB
|—-|
|
161
SS
QFN-14 (2mmx3mm)
ABSOLUTE MAXIMUM RATINGS Thermal Resistance ® 6,5  6,c
R PP +21V QFN-14 (2mmx3mm)............ 70...... 15...°C/W
Vsw ..—0.3V (-5V<10ns) to V\+0.3V (23V<10ns) Mot
otes:
VBST cevvnnenn. RECT R T TR R P LR PO E V sw+6(\2/) 1) Exceeding these ratings may damage the device
All Other P|ns(3)—03V to +6V 2) About the details of EN pin's ABS MAX rating, please refer to
; ol : Enable control section.
Continuous Power DISSIpatlon 3) The maximum allowable power dissipation is a function of the
QFN-14 (2mmx3mm) ................................. 1.8W maximum junction temperature T, (MAX), the junction-to-
Junction Temperature +1 500C ambient thermal resistance 6,4, and the ambient temperature
"""""""""""""""" o Ta. The maximum allowable continuous power dissipation at
Lead Temperature ................................. +260 C any ambient temperature is calculated by PD (MAX) = (TJ
Storage Temperature............... -65°C to +150°C (MAX)-Ta)/8,a. Exceeding the maximum allowable power
dissipation will cause excessive die temperature, and the
Recommended Operating Conditions (4) regulator will go into thermal shutdown. Internal thermal
shutdown circuitry protects the device from permanent
Supply Voltage ViN..coeevveeeieieeiiieee 4V to 19V damage.
Output Voltage Vour............. 0.6V to VIN*Dyax® 4) The (t:I_evice ids_t_not guaranteed to function outside of its
. . ° ° operating conditions.
Operatmg Junction Temp """"" -40°C to +125°C 5) About the Dmax, See “Application When Input Voltage is
Closed to Output Voltage” for more information.
6) Measured on JESD51-7, 4-layer PCB.
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m Ps MP2316 — 19V, 3A LOW I, STEP DOWN CONVERTER

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

Parameters Symbol |Condition Min Typ Max Units
Supply current (shutdown) Iin Ven = OV 0.1 1 MA
. VEN = 5V, TJ = 25°C,
Supply current (quiescent) lg Veg = 0.9V 40 55 MA
VIN under-voltage lockout
threshold rising INUVvin 3.5 37 3.9 v
VIN under-voltage lockout
threshold hysteresis INUVhvs 200 mv
HS switch-on resistance HSgrps.-on 90 mQ
LS switch-on resistance LSrps.on 30 mQ
Switch leakage SWike Ven = 0V, Vg = 0V or 12V 0 1 MA
High Side FET Current limit ® lum hs | Duty=10% 5 A
. . Force PWM Mode, Sink
Low Side FET Current limit lumir Ls Current 1.5 A
_ . (8) RFREQ=1 80k from
One-Shot on time Ton FREQ/MODE Pin to VIN 230 ns
Minimum on time® ToN_min 90 ns
Minimum off time ToFE min 150 ns
T,=25°C 594 600 606
Feedback voltage Vg mV
T,=-40°C to +125°C 591 600 609
Feedback current lrg Vg = 700mV 10 50 nA
Soft start current Iss 4 8 1 MA
EN Input High Voltage VEN H 1.6 \%
EN Input Low Voltage Ven L 04 \%
EN input current I Ven = 2V 2 bA
P N [Ven =0V 0
Power-good rising threshold PGvinh-ni 0.9 VEs
Power-good falling threshold PGvin-Lo 0.85 VEs
Power-good delay PGy 140 us
Power_-_good sink current Vo Sink 1mA 0.4 Vv
capability
Power-good leakage current g Leak | Vpg = 3.3V 50 nA
Thermal shutdown © Tso 150 °C
Thermal shutdown hysteresis © Teomvs 20 °C
Notes:
7) Not tested in production. Guaranteed by over-temperature correlation.
8) Guaranteed by design and engineering sample characterization.
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MP2316 — 19V, 3A LOW I STEP DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTORISTICS
Vin=12V, Vour=1.2V, L=2.2uH, TAa=25°C, unless otherwise noted.
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MP2316 — 19V, 3A LOW I STEP DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTORISTICS (continued)
Vin=12V, Vour=1.2V, L=2.2uH, T,=25°C, unless otherwise noted.

Max Frequency vs.
Input Voltage
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MP2316 — 19V, 3A LOW I STEP DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTORISTICS (continued)

Vin=12V, Vour=1.2V, L=2.2uH, TAa=25°C, unless otherwise noted.

Input/Output Ripple
Auto PFM/PWM, IoyT=0A
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mes MP2316 — 19V, 3A LOW Io STEP DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTORISTICS (continued)
Vin=12V, Vour=1.2V, L=2.2uH, TAa=25°C, unless otherwise noted.
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m Ps MP2316 — 19V, 3A LOW I, STEP DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTORISTICS (continued)

Vin=12V, Vour=1.2V, L=2.2uH, T,=25°C, unless otherwise noted.

Load Transient
louT=1.5A to 3A, 250mA/ps

Vout/AC
20mV/div.

lout Lo
100ups/div.
MP2316 Rev. 1.1 www.MonolithicPower.com 8
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mes

PIN FUNCTIONS

MP2316 — 19V, 3A LOW I STEP DOWN CONVERTER

Package r
Pin # Name Description
System Ground. These pins are the reference ground for the regulated output voltage,
1,12 GND ; . ) ) .
and require special consideration during PCB layout.
2,13 SW Switch output. Connect using wide PCB traces.
3 14 VIN Supply Voltage. The MP2316 operates from a +4V to +19V input rail. C1 is needed to
’ decouple the input rail. Use wide PCB traces and multiple vias to make the connection.
Frequency set during CCM operation. Connect a resistor to VIN to set the switching
4 FREQ/MODE |frequency and part works at forced PWM mode. Connect a resistor to GND to set the
switching frequency and part works at auto PFM/PWM mode. Don't float this pin.
Power-Good Output. The output of this pin is an open drain that goes high if the output
5 PG voltage is higher than 90% of the nominal voltage. There is a 40us delay between when
FB = 90% and when the PG pin goes high.
6 ss Soft start. Connect a capacitor across SS and GND to set the soft-start time to avoid
start up inrush current.
7 FB Feedback. Sets the output voltage when connected to the tap of an external resistor
divider that is connected between output and GND.
Internal Ramp Adjust. Connect a capacitor from VOUT to this pin to adjust the internal
8 CR . ; s .
ramp amplitude. This can be used to improve the transient performance.
9 EN EN = 1 to enable the MP2316. For automatic start-up, connect EN pin to VIN with a
pull-up resistor.
Bootstrap requires a capacitor connected between SW and BST pins to form a floating
10 BST . : . .
supply across the high-side switch driver.
11 Vielo Internal Bias Supply. Internal 5V LDO output. Decouple with a 1uF ceramic capacitor as

close to the pin as possible.

MP2316 Rev. 1.1
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MP2316 — 19V, 3A LOW I STEP DOWN CONVERTER

FUNCTIONAL BLOCK DIAGRAM

FREQ/ Jj
MODE ‘§
{1 VN
Current Sense I
P Amplifier -
Bias & Z
L
EN [] Voltage
reference
A y
5V Boost r
LDO Regulator ] st
vee [ }— ] v
[: Main
HS — | switcn(NcH)
On ™
Timer Driver
ss T
{1 sw
Logic
FB [ | Control
CR [} ‘ ‘{ Synchronous
rectifier (NCH)
y
PG [ Current
- Modulator
0.54V
+
—9— [IJ GND

Figure 1—Functional Block Diagram

MP2316 Rev. 1.1
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MP2316 — 19V, 3A LOW I STEP DOWN CONVERTER

OPERATION

PWM Operation

The MP2316 is a fully-integrated, synchronous,
rectified, step-down switch converter. The device
uses constant-on-time (COT) control to provide
fast transient response and easy loop
compensation. Figure 2 shows the simplified
ramp compensation block in MP2316, at the
beginning of each cycle, the high-side MOSFET
(HS-FET) turns ON whenever the ramp voltage
(Vramp) is lower than the error amplifier output
voltage (Veao)—Wwhich indicates insufficient
output voltage. The input voltage and the
frequency-set resistor determine the high-side
MOSFET turn-on timer (Ton).

After the ON period elapses, the HS-FET enters
the OFF state. By cycling 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.

Shoot-through occurs when there is both HS-FET
and LS-FET are turned on at the same time,
causing a dead short between input and GND.
Shoot-through dramatically reduces efficiency,
and the MP2316 avoids this by internally
generating a dead-time (DT) between HS-FET is
off and LS-FET is on, LS-FET is off and HS-FET
is on. The device enters either heavy-load
operation or light-load operation depending on
the output current.

REF

| [| On || Logic
il D Timer | | Control
RAMP

Figure 2—Simplified Ramp Compensation
Block

MODE Selection
As shown in Figure 3, connecting a resistor (R6)

from FREQ/MODE pin to VIN can set the
switching frequency and meanwhile, the part will

work at forced PWM mode. Connect a resistor
(R7) from FREQ/MODE pin to GND can set the
switching frequency and meanwhile the part
works at auto PFM/PWM mode.

VIN
MP2316

FREQ/MODE

Figure 3—Mode Selection

Switching Frequency

MP2316 uses constant-on-time (COT) control
and there is no dedicated oscillator in the IC. The
input voltage is feed-forwarded to the on-time
one-shot timer through the frequency resistor, the
duty ratio is kept as Vour/Viy, and the switching
frequency is fairly constant over the input voltage
range. The approximate typical switching
frequency can be determined with the following
equation:

10°

T (ns) 20

Fsw (KHz) = (1

Ton Will be slightly different at Forced PWM mode

and Auto PFM/PWM mode. The approximate

typical Ton formula is shown below:

Forced PWM mode:

14.5 x Ripeq (KQ)
V(V)-0.4

Auto PFM/PWM mode,

T _ 13xRgea (KQ)
ON_PFM \/|N(V)_04

ON_PWM — +TDELAY_PWM(nS) (2)

+TDELAY_PFM(nS) (3)

Where TDELAY_PWM and TDELAY_PFM are the
comparator delay, and the typical value equals
approximately 15ns and 10ns respectively

When part enters CCM mode, the duty ratio will
change slightly from light load to full load due to
power loss. So the frequency will change a little
from light load to full load even in CCM mode.
Because of the minimum on time and minimum
off time, switching frequency is limited. The

MP2316 Rev. 1.1
1/23/2015
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MP2316 — 19V, 3A LOW Io STEP DOWN CONVERTER

MPS CONFIDENTIAL AND PROPRIETARY INFORMATION-INTERNAL USE ONLY

maximum frequency can be calculated by the
following equations, choose the lower value of
them as the maximum frequency:

10°
FSW-max (KHZ) = (4)

St Tmin(N8)x (V)

Where Ton-min typical value is 90ns and Toff-
min typical value is 150ns.For example, VIN=12V,
Vout=1.2V, the maximum frequency we can set
is about 1.1MHz. MP2316 is optimized to operate
at high switching frequency with high efficiency.
High switching frequency makes it possible to
use small-sized LC filter components to save
system PCB space.

®)

Forced PWM Operation

s Ton is constant
) H
V,
IL

Whenever Vg, drops |

below Vg, the HS-FET our
is turned ON Veawp
VEAO
Driver
LS-RET
Driver

Figure 4—Force PWN Operation

When \the MP2316 works. in \Forced PWM, \the
MP2316. \enters continuous-conduction. mode
(CCM)\'where the” HS-FET and LS-FET repeat
the ‘on/off operation, even if the inductor current
goes’to zero or negative valde. The\ switching
frequency/(Fsw) is fairly constant. Figure 4 shows
the timing diagram during-this operation.

V,

sw

HS-FET

Light-Load Operation

When the”MP2316 works in auto PFM/PWM
mode and during \light-load operation—the
MP2316 automatically’ reduces the switching
frequency to maintain high efficiency, and the
inductor current drops near zero. When the
inductor current reaches zero, the LS-FET driver
goes into tri-state (high Z). Hence, the output
capacitors discharge slowly to GND through LS-
FET, R1, and R2. This operation greatly

improves device efficiency when the output
current is low.

Ton is constant

VEAO

Figure’5—Light Load Operation

Light-lead ~operation-.is._ also” called skip\ mode
because the HS-FET\ ‘does not turn on” as
frequently as during heavy-load conditions. The
frequency at which the HS-FET \turns on is a
function /of the output current-—as’ the output
current-increases, the time(period-that the current
modulator. \regulates .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
using the following equation:

(Vin—Vour) x Vour

lour = 6
out 2xLxFswxVnN ( )
The \device reverts to PWM mode once the
output’current exceeds the critical level. After that,
the switching frequency stays fairly constant over
the output current range.

Application When Input Voltage is Close to
Output Voltage.

MP2316 extends the on time when output
voltage loses regulation when input voltage is
close to output voltage. The switching frequency
drops correspondingly in order to achieve larger
duty cycle to keep output regulated. If the Vin is
very close to Vout, Ton extension circuit will force
MP2316 working in PWM mode with higher than
expected frequency. Increasing Vin to certain
level, part will exit this mode. Refer to Figure 6,
MP2316 can work at auto PFM/PWM mode when
Vin is above the curve. If auto PFM/PWM mode
is required at input voltage below the curve, use
Enable startup instead of input voltage startup.

MP2316 Rev. 1.02
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14 /|
=_ /
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S 10
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20 °®
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=2
[p)2
>z 4
Z 2

0

0 2 4 6 8 10 12 14

OUTPUT VOLTAGE(V)

Figure 6—V)y startup min V), vs. Vgyr to
guarantee auto PFM/PWM mode work well

Floating Driver and Bootstrap Charging

An external bootstrap capacitor powers the
floating power MOSFET driver. This floating
driver has its own UVLO protection. This UVLO’s
rising threshold is 2.2V with a hysteresis of
150mV. The bootstrap capacitor voltage is
regulated internally by V\y through D1, M1, Cb,
L1 and C2A (Figure 7). If (Vin-Vsw) exceeds 5V,
U1 will regulate M1 to maintain a 5V BST voltage
across Cb.

VlN VT

Cb

Vout
T 1

|
i
l C2A

Figure 7—Bootstrap Charging Circuit

S

Ramp with small ESR Output Capacitor

When the output capacitors are ceramic ones,
the ESR ripple is not high enough to stabilize the
system, the external ramp compensation is
needed.

........................... SW L Vout

|

R1

Cr
Rramp T Cout
_CR

r
&

FB =

|

Figure 8—Simplified External Ramp Circuit in
PWM Mode with Small ESR Cap

Figure 8 shows a simplified external ramp

compensation for PWM mode. Chose the

external ramp Cr to meet the following condition:
1 1

—<—R 7

2nxF  xC_ 5 (7)

Where, Rgp is set to 90k internally. Then:

IRramp = ICr + IRFB ~ ICr (8)
And the Vramp on the V¢ can be estimated as:
vV Vin B Vout <T (9)

ramp R % Cr on

ramp
Where, Rramp is set to 900k internally.

As can be seen from equation 9, if there is
instability in PWM mode, we can reduce Cr. If Cr
cannot be reduced further due to limitation from
equation 7, then we can add an external resistor
between SW and CR to reduce the equivalent
Rramp. Typically set Vramp to about 20-40mV
for a stable PWM operation.

Table 1 below is recommended Cr value for
different output voltages. The recommended Cr
value in Table 1 is based on 500kHz switching
frequency, selected output inductor and 22uF
output capacitors.

MP2316 Rev. 1.1
1/23/2015

www.MonolithicPower.com 13
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2015 MPS. All Rights Reserved.



mes

MP2316 — 19V, 3A LOW I STEP DOWN CONVERTER

Table 1—Cr Selection for Common Output

Voltages
Cr(pF)
VOUT(V) L(MH) VIN=1 2V VIN=5V
1.0 2.2 82 82

1.2 2.2 100 100
1.5 3.3 120 82
1.8 3.3 120 56
2.5 3.3 150 56
3.3 4.7 150 56

5 4.7 100 56®

Notes:
9) When VOUT=5V, VIN should be higher than 6V.

Cr value may need change with different input
voltage, output voltage, output inductor, output
capacitor and frequency set. If the design spec is
not the same as Table 1 spec, Cr value is
needed to be adjusted accordingly. Take
equation 9 as design guide.

In skip mode, the stability mainly determined by
the ripple of Veap, a reasonable Vramp chosen in
PWM operation is generally ok for skip mode.

Soft Start

MP2316 employs a soft start (SS) mechanism to
ensure smooth output ramping during power up.
When the EN pin goes high, an internal current
source (8uA) charges up the SS capacitor. The
SS capacitor voltage takes over the REF voltage
to the PWM comparator. The output voltage
smoothly ramps up with the SS voltage. Once SS
voltage rises above the Vgegg, it continues to ramp
up REF voltage takes over. At this point, the soft
start finishes and it enters steady state operation.

The SS capacitor value can be determined as
follows:

T (ms)x I, (UA)
VREF(V)

C.(nF)= (10)

If the output capacitance is large value, it is not
recommended to set the SS time too short.
Otherwise, it's easy to hit the current limit during
SS. A minimum value of 4.7nF is recommended
if the output capacitance is larger than 330uF.

Pre-bias startup

The MP2316 has been designed for monotonic
startup into pre-biased loads. If the output is pre-
biased to a certain voltage during startup, the
BST voltage will be refreshed and charged, the
voltage on the soft-start capacitor will be charged
too. If BST voltage exceeds its rising threshold
voltage and Soft-start capacitor voltage exceeds
the sensed output voltage at the FB pin, the part
starts to work.

Power-Good (PG)

The PG pin is an open drain output. PG requires
a pull up resistor (eg. 100k). PG pin is pulled to
GND before SS is ready. After FB voltage
reaches 90% of Vger, the PG pin is pulled high
after a 140us delay. When the FB voltage drops
below 85% of Vger, the PG pin will be pulled low.

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

MP2316 has cycle-by-cycle over-current limit
control. During HS-FET ON state, the inductor
current is monitored. When the sensed inductor
current hits the peak current limit, the HS limit
comparator (shown in Figure 1) is triggered, the
device enters over-current protection mode
immediately, turns off HS-FET and turns on LS-
FET. Meanwhile, the output voltage drops until
VFB is below the under-voltage (UV) threshold—
typically 50% below the reference. Once UV is
triggered, the MP2316 enters hiccup mode to
periodically restart the part.

During over-current protection, the device tries to
recover from over-current fault with hiccup mode,
that means the chip will disable output power
stage, discharge soft-start cap and then
automatically try to soft-start again. If the over-
current condition still holds after soft-start ends,
the device repeats this operation cycle till over-
current condition disappears and then output
rises back to regulation level. The OCP is non-
latch protection.

MP2316 Rev. 1.1
1/23/2015
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Enable Control

EN is a digital control pin that turns the regulator
on and off. Drive EN high to turn on the regulator;
drive it low to turn it off. An internal 1MQ resistor
from EN to GND allows EN to be floated to shut
down the chip.

The EN pin is clamped internally using a 6.5V
series-Zener-diode. Connecting the EN input pin
through a pullup resistor to the voltage on the V
pin. The pull up resistance needs to be large
enough to limit the EN pin current less than
100pA. For example, with 12V connected to Vin,
ReuLtue = (12V —6.5V) + 100pA = 55kQ.

Connecting the EN pin directly to a voltage
source without any pullup resistor requires limit
the amplitude of the voltage less than 6V to
prevent damage to the Zener diode.

UVLO protection

MP2316 has under-voltage lock-out protection
(UVLO). When the input voltage is higher than
the UVLO rising threshold voltage, the MP2316
powers up. It shuts off when the input voltage is
lower than the UVLO falling threshold voltage.
This is non-latch protection.

Thermal Shutdown

The MP2316 employs thermal shutdown by
internally monitoring the junction temperature of
the IC. If the junction temperature exceeds the
threshold value (typically 150°C), the converter
shuts off. This is non-latch protection. There is
about 20°C hysteresis. Once the junction
temperature drops below 130°C, it initiates start

up.

MP2316 Rev. 1.1 www.MonolithicPower.com
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APPLICATION INFORMATION

COMPONENT SELECTION
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, a small R2 will
lead to considerable quiescent current loss
while too large R2 makes the FB noise
sensitive. It is recommended to choose a value
within for R2. Typically, set the current through
R2 between will make a good balance between
system stability and also the no load loss. Then
R1 is determined as follow:

VOUT — VREF
V

REF

R1=

Where the Vrer is 0.6V typically.
The feedback circuit is shown as Figure 9.

Vout

MP2316
R,
FB

R,

Figure 9—Feedback Network

Table 2 lists the recommended resistors value
for common output voltages.

Table 2—Resistor Selection for Common

xR2 (11)

Output Voltages®
Vour(V) R1(kQ) R2(kQ)

1.0 27 40.2
1.2 40.2 40.2
1.5 60.4 40.2
1.8 80.6 40.2
2.5 127 40.2
3.3 182 40.2

5 294 40.2

Notes:

10) The feedback resistors in table 2 are optimized for 500kHz
switching frequency. The detailed schematics are shown on

the typical application circuit section.

Setting the Frequency

Refer to Mode selection section. Set the forced
PWM mode switching frequency by connecting
a resistor R6 from VIN to FREQ/MODE pin and
leaving R7 NS. The R6 is determined as follows:

Vox10°
W _TDelay_PWM(nS)} : (Vm - 0-4)
SW IN

145
Where Tpeiay pwm is about 15ns.
1200

R6(kQ) = { (12)

1000

800

Rereq (kQ)
(e}
o
o

0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25

FREQUENCY (MHz)

Figure 10—R6 vs. Forced PWM Mode
Switching Frequency

Set the auto PFM/PWM mode switching
frequency by connecting a resistor R7 from
FREQ/MODE pin to ground and leaving R6 NS.
The R7 is determined as follow:
x 6
%_ Delay_PFM(nS):|'(V|N _0-4)
13
Where TDeIay_PFM is about 10ns.
1200

R7(kQ) = { (13)

1000 f

0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25

FREQUENCY (MHz)

Figure 11—R7 vs. Auto PFM/PWM Mode
Switching Frequency

MP2316 Rev. 1.1
1/23/2015

www.MonolithicPower.com 16
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2015 MPS. All Rights Reserved.



MP2316 — 19V, 3A LOW I STEP DOWN CONVERTER

Equation 12 and 13 are the typical switching
frequency calculation formula. The actually
frequency will change a little at different load
currents and different input voltages as
described before.

Selecting the Inductor

The inductor is necessary to supply constant
current to the output load while being driven by
the switched input voltage. A larger-value
inductor will result in less ripple current that will
result in lower output ripple voltage. However, a
larger-value inductor will have a larger physical
footprint, higher series resistance, and/or lower
saturation current. A good rule for determining
the inductance value is to design the peak-to-
peak ripple current in the inductor to be in the
range of 30% to 40% of the maximum output
current, and that the peak inductor current is
below the maximum switch current limit. The
inductance value can be calculated by:

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 by:

V V
14 Your q_Nour (15)
tp = lout 2F,,, xL x( vy, )

Selecting the Input Capacitor

The input current to the step-down converter is
discontinuous and therefore requires a
capacitor to supply the AC current to the step-
down converter while maintaining the DC input
voltage. Ceramic capacitors are recommended
for best performance and should be placed as
close to the VIN pin as possible. Capacitors
with  X6R 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 as follows:

V, \
T OUT . (41— —0uT (16)
CIN OUTX\/ v, x( Vg )

Vour x(1- VOUT) (14)

The worst-case condition occurs at VN = 2Vour,
where:

I

low = % (17)
For simplification, choose the input capacitor
with an RMS current rating greater than half of
the maximum load current.

The input capacitance value determines the
input voltage ripple of the converter. If there is
an input voltage ripple requirement in the
system, choose the input capacitor that meets
the specification.

The input voltage ripple can be estimated as
follows:

| V, V,
Ale _ = OUTC « &UT « (1 _ &UT ) (1 8)
sw X YN IN IN

Under worst-case conditions where V\y = 2Vour:

AV, = ot (19)
4 Fgy xCy

Selecting the Output Capacitor

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

_ VOUT _VOUT 1 20
Aour FSWXLX(1 Vin )X(RESR+8X SWXCOUT) 20
In the case of ceramic capacitors, the
impedance at the switching frequency is
dominated by the capacitance. The output
voltage ripple is mainly caused by the
capacitance. For simplification, the output
voltage ripple can be estimated as:

AVyyr = Vour c(1=Youry  (21)
8><st2 xLxCqyr Vin

The output voltage ripple caused by ESR is
very small. Therefore, an external ramp is
needed to stabilize the system. The external
ramp can be generated through the capacitor
Cr.

In the case of POSCAP capacitors, the ESR
dominates the impedance at the switching
frequency. For simplification, the output ripple
can be approximated as:

MP2316 Rev. 1.1
1/23/2015
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Vour x(1- Vour

AV, - =
o Fow xL Vin

)*Regr (22)

Besides considering the output ripple, chose
larger output capacitor also can get better load
transient response, but maximum output
capacitor limitation should be also considered in
design application. If the output capacitor value
is too high, the output voltage can’'t reach the
design value during the soft-start time, and then
it will fail to regulate. The maximum output
capacitor value C,max can be limited
approximately by:

CO_MAX = (lLIM_AVG —lour)x Too I Vour (23)

Where, Ium ave is the average start-up current
during soft-start period. T is the soft-start time.

External Bootstrap Diode

BST voltage may become insufficient at some
particular conditions. In this case an external
bootstrap diode can enhance the efficiency of
the regulator and help to avoid BST voltage
insufficient at light load PFM operation. The
BST voltage insufficient is more likely to happen
at given either of the following conditions:

(] V|N is low

e Duty cycle is large: D=V\§’J>65%
IN

In these cases, if BST voltage insufficient
happens the output ripple voltage may become
extremely large at light load condition or bad
efficiency at heavy load condition, add an
external BST diode from the VCC pin to BST
pin, as shown in Figure 12.

External BST Diode

PC Board Layout

Proper layout of the switching power supplies is
very important, and sometimes critical for
proper function. Poor layout design can result in
poor line or load regulation and stability issues.
Please follow these guidelines and take Figure
13 as reference:

1) The high current paths (GND, IN and SW)
should be placed very close to the device
with short, direct and wide traces.

2) The input capacitor needs to be as close as
possible to the IN and GND pins.

3) The Mode/Frequency circuit should be
placed closed to the part.

4) The external feedback resistors should be
placed next to the FB pin.

5) Keep the switching node SW short and
away from the feedback network.

In order to have better performances, it is better
to use four layers boards. Figure 13 shows the
top and bottom layers (Inner 1 and Inner 2 are
all GND).

Rest 1N4148
BST VvCC
Cest
MP2316 TOIMHF
sW T VOUT GND VIN
L 1
COUTI
Figure 12: Optional External Bootstrap Diode
The recommended external BST diode is
IN4148.
MP2316 Rev. 1.1 www.MonolithicPower.com 18
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vouT

39
506
06
000
99 883
B 6005
EH] 683
688
00
3

VIN o)

GND

Figure 13— Sample Board Layout

Design Example
A design example is provided below when the
ceramic capacitors are applied:

Vin 12V
Vour 1.2V
lour 3A

The detailed application schematic is showed in
Figure 15. The typical performance and
waveforms have been showed in the Typical
Characteristics Section. For more devices
applications, please refer to the related
Evaluation Board Datasheet.

MP2316 Rev. 1.1 www.MonolithicPower.com 19
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TYPICAL APPLICATION CIRCUITS

Rb
0
VIN BST1° Cb VOUT
' 314 f ::O-“JFz 2L " 1.0VI3A
R6 R3 2,13 LU
5,1 1 cm% NS T 100K . . Airrms R1] O
22uF T T 0.1uF EN 82pFT 27K
MP2316  cr{® 4
GND 4 FREQ/MODE Tcaa
S R4 FB 7 R2 22uF
R7 =
N 147K NS Hvee 02K
% R5 PG GND___Ss — 1
C4 100K 5 112 el =
1uF ' c3 -  GND
i 15nF

Note: Use R6=130k and not use R7 to set forced PWM, Use R7=147k and not use R6 to set auto PFM/PWM. The recommended R6, R7
value are basing on equation 12, 13 and optimized according to test result.

Figure 14— V=12V, Vour=1.0V, loyr=3A, Fs=500kHz

Rb
0
VIN Lo | co vouT
s.14) O0-1uF L 1.2VI3A
% R6 = R3 ] 220
c1 L 1 c1aA3 Ns 100K
- T 9leN
22uF 0.1uF 100p|:—|_
MP2316  cr®
GND 4 {eREQMODE
R4 FBlZ
= R NS Tvee
180K ms
c4 100K PG GND SS
1UF 5 1,]12 GAL 03
] _‘L_T‘ISnF

Note: Use R6=158k and not use R7 to set forced PWM, Use R7=180k and not use R6 to set auto PFM/PWM. The recommended R6, R7
value are basing on equation 12, 13 and optimized according to test result.

Figure 15— V|N=12V, VOUT=1-2V, IOUT=3A; Fs=500kHZ
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Rb
0
VIN BS:O Cb VOUT
0 — s1af ==0-1uF3 3LuH 1.5VI3A
R6 2,13 ~RRA
ct1 L L C1A% NS $ 100K . =
22uF 0.1uF EN 120p|:—|_
MP2316  crf®
GND 1 4 FREQ/MODE
R4 rel.
€L
N 2§g}< NS Hvee
ca R5 PG GND SS
100K
1uF 5 1|12 Gl c3
| 15nF

Note: Use R6=196k and not use R7 to set forced PWM, Use R7=220k and not use R6 to set auto PFM/PWM. The recommended R6, R7
value are basing on equation 12, 13 and optimized according to test result.

Figure 16— V|N=12V, VOUT=1-5V, IOUT=3A; Fs=500kHZ

Rb
0
VIN BST“) Cb VOUT
0 — 14l —0.1uF L 1.8VI3A
R6 2,13
ct L L C1A% NS T 100K . =
22uF T T 0.1uF EN
MP2316  cr®
GND 4 FREQ/MODE
1 R7 <§ R4 |~
i 255K NS Hhvee
ca R5 PG GND SS
100K
1UF 5 1,[12 GAL C3
15nF
1 ftj

Note: Use R6=243k and not use R7 to set forced PWM, Use R7=255k and not use R6 to set auto PFM/PWM. The recommended R6, R7
value are basing on equation 12, 13 and optimized according to test result.

Figure 17— V\\=12V, Vour=1.8V, loyr=3A, Fs=500kHz

www.MonolithicPower.com
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2015 MPS. All Rights Reserved.

MP2316 Rev. 1.1
1/23/2015

21



mes

MP2316 — 19V, 3A LOW I STEP DOWN CONVERTER

vouT
2.5VI3A

—0

Rb
0
VIN 10
! 3,14 BST —0.1uF L
% R6 R3 swiz13
c1 L L CIAT NS 100K 0
22uF 0.1uF EN
MP2316  crf®
GND 1 4 | Frea/moDE
R4 FBJL
= R7 2 NS Mvee
360K
ca R5 PG GND SS
100K
1uF 5 1,112 el c3
| 15nF

Note: Use R6 =348k and not use R7 to s

value are basing on equation 12, 13 and optimized according to test result.

Figure 18— V|N=12V, VOUT=2-5V, IOUT=3A; Fs=500kHZ

Tcaa

22uF

et forced PWM, Use R7= 360k and not use R6 to set auto PFM/PWM. The recommended R6, R7

Rb
0
VIN BS':O VOUT
0 = LN 3.3VI3A
R6 :
ct L L C1A% NS T 100K . = .
22uF | T O.1uF EN
MP2316 cRr L
4 FREQ/MODE Tcaa
GND i R4 B 22uF
= R7 2 \s 11
99K vee
R5 PG GND _ sS — ]
C4 == 100K 5 1l12 e l £
1uF ’ c3 = GND
15nF
£ L

Note: Use R6=453k and not use R7 to s

value are basing on equation 12, 13 and optimized according to test result.

Figure 19— V=12V, Vour=3.3V, loyr=3A, Fs=500kHz

et forced PWM, Use R7=499k and not use R6 to set auto PFM/PWM. The recommended R6, R7
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Rb
0
10 Cb
BST
1 3 31 Hin ;I' )
R3 2,1
C1A | l % R6 =00k S
o C1 NS 9en
22uF 0.1uF 8
' MP2316 CcR
1 | Freq/MODE
7
< R4
= R7 = NS 11 B
787K RS vee
C4 PG GND SS
100K s 112 el
1UFI c3

15nF
= 4 < 1

Note: Use R6=715k and not use R7 to set forced PWM, Use R7=787k and not use R6 to set auto PFM/PWM. The recommended R6, R7
value are basing on equation 12, 13 and optimized according to test result.

Figure 20— V|N=12V, VOUT=5V; IOUT=3A, Fs=500kHZ
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PACKAGE INFORMATION
QFN-14 (2mmx3mm)
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) 4) JEDEC REFERENCE IS MO-220.
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RECOMMENDED LAND PATTERN

NOTICE: The information in this document is subject to change without notice. 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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