MICROCHIP

MIC23451

3 MHz, 2A Triple Synchronous Buck Regulator with
HyperLight Load® and Power Good

Features

2.7V to 5.5V Input Voltage

Three Independent 2A Outputs

Up to 93% Peak Efficiency

81% Typical Efficiency at 1 mA

Three Independent Power Good Indicators

24 pA Typical Quiescent Current (per Channel)
3 MHz PWM Operation in Continuous Mode
Ultra-Fast Transient Response

Low Voltage Output Ripple

- 30 mVpp Ripple in HyperLight Load Mode

- 5 mV Output Voltage Ripple in Full PWM
Mode

Fully Integrated MOSFET Switches

0.1 yA Shutdown Current (per Channel)
Thermal Shutdown and Current-Limit Protection
Output Voltage as Low as 1V

26-Lead 4 mm x 4 mm FQFN

—40°C to +125°C Junction Temperature Range

Applications

Solid State Drives (SSD)

MC/uP, FPGA, and DSP Power
Test and Measurement Systems
Set-Top Boxes and DTV
High-Performance Servers
Security/Surveillance Cameras
5V POL Applications

General Description

The MIC23451 is a high-efficiency, 3 MHz, triple 2A,
synchronous buck regulator with HyperLight Load®
mode. HyperLight Load provides very high efficiency at
light loads and ultra-fast transient response, which is
ideal for supplying processor core voltages. An
additional benefit of this proprietary architecture is very
low output ripple voltage throughout the entire load
range with the use of small output capacitors. The
4 mm x 4 mm FQFN package saves board space and
requires only five external components for each
channel.

The MIC23451 is designed for use with a very small
inductor, down to 0.47 pyH, and an output capacitor as
small as 2.2 yF that enables a total solution size that is
less than 1 mm height.

The MIC23451 has a very low quiescent current of
24 yA each channel and achieves as high as 81%
efficiency at 1 mA. At higher loads, the MIC23451
provides a constant switching frequency around 3 MHz
while achieving peak efficiencies up to 93%.

The MIC23451 is available in a 26-lead 4 mm x 4 mm
FQFN package with an operating junction temperature
range from —40°C to +125°C.

Package Type
MIC23451
26-Lead 4 mm x 4 mm FQFN (FL)
(Top View)
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Typical Application Circuit
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Functional Block Diagram
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MIC23451

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings t

SUPPIY VOIRAGE (PVNy AV IN) vt tereertertttaetteete et sit ettt ettt sttt et e sae e bt eiee e bt e see e et e e san e e b e e senenane e e —0.3V to +6V
Sense (VSNS1! VSNSZ! VSNS3) ...................................................................................................................... —0.3V to +6V
oI G €T To o I (o € I € € R -0.3V to +6V
Output Switch Voltage (Vaiy1s Vo, VSIWE) - -reerrrerrieriiiiieetie ittt sttt sre et —0.3V to +6V
Enable Input Voltage (VEN1‘ VENZ‘ VEN3) ....................................................................................................... —-0.3V to VIN
L] D - oo PSSR Note 1

Operating Ratings

10 o] o]V (o1 r=To T A TN IR O P TP P PRSPPI +2.7V to +5.5V
Enable Input Voltage (VEN'I‘ VENZ‘ VEN3) ............................................................................................................ 0V to V|N
Output Voltage Range (Vons 1, VENS2r VENSS): -+« recrrereererrrmrrrrieesreaeeaieaeesreaseesreaeesseeeessessessseeneseeeseesneenns +1V to +3.3V

T Notice: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at those or any other conditions above those indicated
in the operational sections of this specification is not intended. Exposure to maximum rating conditions for extended
periods may affect device reliability.

I Notice: The device is not guaranteed to function outside its operating ratings.

Note 1: Devices are ESD sensitive; use proper handling precautions. Human body model, 1.5 kQ in series with
100 pF.

ELECTRICAL CHARACTERISTICS

Electrical Characteristics: Ty = +25°C; V|y = Veng = VEn2 = VEn3 = 3.6V, L1 = L2 =L3 =1 pH; Coytq = Cout2 =
Courts = 4.7 UF, unless otherwise specified. Bold values valid for —-40°C < T, < +125°C, unless noted. (Note 1)

Parameter Symbol | Min. Typ. Max. | Units Conditions
Supply Voltage Range VN 27 — 5.5 \% —
Undervoltage Lockout
Threshold UVLOry | 245 2.55 2.65 \Y, Turn-On
Undervoltage Lockout
Hysteresis UVLOhys|  — 75 - mv.—
Quiescent Current lq — 65 120 A |lour=0mA,
Vsns > 1.2 X Voutnom
Per Channel Shutdown Current | Igypn — 0.1 5 A VENl’ Venz: Vens = 0V,
VN = 5.5V
—2.5 - +2.5 V|N = 3_6V if VOUT(NOM) < 25V,
ILOAD =20 mA
Output Voltage Accuracy — % -
V|N =45V if VOUT(NOM) = 25V,
-25 — +2.5 _
ILOAD =20 mA
Feedback Voltage VEeBx 0.604 | 0.62 | 0.635 \Y —
Peak Current Limit Lmek) | 22 | 41 | — SNS1, SNS2, SNS3 =0.9x
Voutnom)
Foldback Current Limit ILim — 23 — A —
_ 0.3 . VlN = 3.6V to 5.5V if VOUT(NOM)1,2,3
Output Voltage Line Regulation %N <2.5V, I oap = 20 mA
- (0]
(VOUT'II VOUTZ’ VOUT3) _ 0.3 _ V|N =45V to5.5Vif VOUT(NOM)1,2,3
' > 25V, lLOAD =20 mA
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MIC23451

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Characteristics: Ty = +25°C; V|y = Veng = VEng = VEng = 3.6V, L1 =L2=L3 =1 pH; Coytq = Coyto =
CouTs = 4.7 UF, unless otherwise specified. Bold values valid for —-40°C < T; < +125°C, unless noted. (Note 1)

Parameter Symbol | Min. Typ. Max. | Units Conditions
. 02 . DCM: 20 m/-\< ILoap < 130 mA,
Vin = 3.6V if Voyt(nom) < 2.5V
Output Voltage Load — 04 — DCM: 20 MA < loap < 130 mA,
- % GO 0 S e 500
(Vour1, Vout2: Vourts) — 0.6 — Ve et VOU'IL'(OI\ITDDM) 00 A
. 03 . CCM: 200 mA <lLoap < 1A,
Vin = 5.0V if Voyrinom) > 2.5V
PWM Switch ON-Resistance R . 0217 . 0 Isw1s lsw2, lswz = +100 mA
(Rsw1, Rswa, Rswa) DS(ON) (PMOS)
Maximum Frequency fmax — — 3 MHz |loyt1 louT2 louts = 120 mA
Soft-Start Time tss — 150 — bs | Voutt: Vout2 Vouts = 90%
Power Good Threshold PGty 83 90 96 % % of VNom
Power Good Hysteresis PGhys — 10 — % |—
Power Good Pull-Down PGpp — — 200 mV | Vgns = 90% Vnom: lpg = 1 mA
Enable Threshold VEN 0.5 0.9 1.2 \Y, Turn-On
Enable Input Current lEN — 0.1 1 MA | —
Overtemperature Shutdown TsHDN — 160 — °C |—
S;//:tr(t;énsri)serature Shutdown ToHoNEYS) . 20 . c |—
Note 1: Specifications are for packaged products only.
TEMPERATURE SPECIFICATIONS
Parameters ‘ Sym. | Min. ‘ Typ. ‘ Max. ‘ Units ‘ Conditions
Temperature Ranges
Junction Temperature Range T, —40 — +125 °C Note 1
Storage Temperature Range Ts -65 — +150 °C |—
Package Thermal Resistances
) CATN — 20 — °C/W |—
Thermal Resistance, FQFN 26-Ld
0,c — 10 — °C/W |—

Note 1: The maximum allowable power dissipation is a function of ambient temperature, the maximum allowable
junction temperature and the thermal resistance from junction to air (i.e., Ta, T, 04). Exceeding the
maximum allowable power dissipation will cause the device operating junction temperature to exceed the
maximum +125°C rating. Sustained junction temperatures above +125°C can impact the device reliability.
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MIC23451

2.0 TYPICAL PERFORMANCE CURVES

Note: The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.
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FIGURE 2-22:
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3.0

PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLE
Pin Number Pin Name Description
26,4,7 SW1, 2, 3 | Switch (Output). Internal power MOSFET output switches for output 1/2/3.
21,19, 15 EN1, 2,3 Enable (Input_). Logic high enables Qperatlon of regulator 1/2/3. Logic low will shut
down the device. Do not leave floating.
22,18, 12 SNS1, 2,3 Sense. Connect to Voyr1 2 3 as close to output capacitor as possible to sense output
voltage.
23,17, 14 FB1,2, 3 Feedback. Connect a resistor divider from output 1/2/3 to ground to set the output
voltage.
Power Good. Open-drain output for the power good indicator for output 1/2/3. Place
20, 16, 13 PG1, 2,3 : o o
a resistor between this pin and a voltage source to detect a power good condition.
EP1 24 11 AGND Analog Ground. Connect to quiet ground point away from high-current paths, for
Y example, Cqy, for best operation. Must be connected externally to PGND.
255, 8 PVIN1, 2, 3 Power Input .Volt.age. Qonnect a capacitor to PGND to localize loop currents and
decouple switching noise.
3,6,9 AVINT1, 2, 3 | Analog Input Voltage. Connect a capacitor to AGND to decouple noise.
EP2, 10, 2,1 PGND Power Ground.

© 2022 Microchip Technology Inc. and its subsidiaries
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MIC23451

40 FUNCTIONAL DESCRIPTION

41 PVIN

The input supply (PVIN) provides power to the internal
MOSFETs for the switch mode regulator. The V
operating range is 2.7V to 5.5V, so an input capacitor,
with  a minimum voltage rating of 6.3V is
recommended. Because of the high di/dt switching
speeds, a minimum 2.2 yF or 4.7 yF recommended
bypass capacitor, placed close to PVIN and the power
ground (PGND) pin, is required. Refer to the PCB
Layout Recommendations section for details.

42 AVIN

The input supply (AVIN) provides power to the internal
control circuitry. Because the high di/dt switching
speeds on PVIN cause small voltage spikes, a 50Q RC
filter and a minimum 100 nF decoupling capacitor,
placed close to the AVIN and signal ground (AGND)
pin, is required.

4.3 EN

Alogic high signal on the enable pin (EN) activates the
output voltage of the device. A logic low signal on the
enable pin deactivates the output and reduces supply
current to 0.01 yA. The MIC23451 features internal
soft-start circuitry that reduces inrush current and
prevents the output voltage from overshooting at
start-up. Do not leave the EN pin floating.

44 SW

The switch (SW) connects directly to one end of the
inductor and provides the current path during switching
cycles. The other end of the inductor is connected to
the load, SNS pin, and output capacitor. Because of the
high-speed switching on this pin, the switch node
should be routed away from sensitive nodes.

45 SNS

The sense (SNS) pin is connected to the output of the
device to provide feedback to the control circuitry. The
SNS connection should be placed close to the output
capacitor. Refer to the PCB Layout Recommendations
section for more details.

46 AGND

The analog ground (AGND) is the ground path for the
biasing and control circuitry. The current loop for the
signal ground should be separate from the power
ground (PGND) loop. Refer to the PCB Layout
Recommendations section for more details.

4.7 PGND

The power ground pin is the ground path for the high
current in PWM mode. The current loop for the power
ground should be as short and wide as possible and
separate from the analog ground (AGND) loop as
applicable. Refer to the PCB Layout
Recommendations section for more details.

4.8 PG

The power good (PG) pin is an open-drain output that
indicates logic high when the output voltage is typically
above 90% of its steady state voltage. A pull-up resistor
of more than 5 kQ should be connected from PG to
VOUT.

4.9 FB

The feedback (FB) pin is the control input for
programming the output voltage. A resistor divider
network is connected to this pin from the output and is
compared to the internal 0.62V reference within the
regulation loop.

The output voltage can be programmed between 1V
and 3.3V using Equation 4-1:

EQUATION 4-1:

R1
Vour = VREFX(IJrIE)

Where:
R1 = The top, VOUT-connected resistor.
R2 = The bottom, AGND-connected resistor.

Table 4-1 shows example feedback resistor values.

TABLE 4-1: FEEDBACK RESISTOR
VALUES

Vour R1 R2
1.2v 274 kQ 294 kQ
1.5V 316 kQ 221 kQ
1.8V 301 kQ 158 kQ
2.5V 324 kQ 107 kQ
3.3V 309 kQ 71.5kQ

DS20006662A-page 12
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5.0 APPLICATIONS INFORMATION

The MIC23451 is a triple high performance DC-to-DC
step down regulator that offers a small solution size.
Supporting three outputs with currents up to 2A inside
a 4 mm x 4 mm FQFN package, the IC requires only
five external components per channel while meeting
today’s miniature portable electronic device needs.
Using the HyperLight Load® switching scheme, the
MIC23451 can maintain high efficiency throughout the
entire load range while providing ultra-fast load
transient response. The following sections provide
additional device application information.

51 Input Capacitor

A 2.2 yF or greater ceramic capacitor should be placed
close to the PVIN pin for each channel and its
corresponding PGND pin for bypassing. For example,
the Murata GRM188R61E475KE11D, size 0603,
4.7 yF  ceramic capacitor is ideal, based on
performance, size, and cost. An X5R or X7R
temperature rating is recommended for the input
capacitor. Y5V temperature rating capacitors, in
addition to losing most of their capacitance over
temperature, can also become resistive at high
frequencies. This reduces their ability to filter out
high-frequency noise.

5.2 Output Capacitor

The MIC23451 is designed for use with a 2.2 yF or
greater ceramic output capacitor. Increasing the output
capacitance lowers output ripple and improves load
transient response, but could also increase solution
size or cost. A low equivalent series resistance (ESR)
ceramic output capacitor, such as the Murata
GRM188R61E475KE11D, size 0603, 4.7 uF ceramic
capacitor, is recommended based on performance,
size, and cost. Both the X7R or X5R temperature rating
capacitors are recommended. The Y5V and Z5U
temperature rating capacitors are not recommended
due to their wide variation in capacitance over
temperature and increased resistance at high
frequencies.

5.3 Inductor Selection

When selecting an inductor, it is important to consider
the following factors (not necessarily in order of
importance):

* Inductance

* Rated current value

» Size requirements

» DC resistance (DCR)

The MIC23451 is designed for use with a 0.47 pH to

2.2 yH inductor. For faster transient response, a
0.47 pH inductor yields the best result. On the other

hand, a 2.2 yH inductor yields lower output voltage
ripple. For the best compromise of these, a 1 uH is
generally recommended.

Maximum current ratings of the inductor are generally
given in two forms: permissible DC current and
saturation current. Permissible DC current can be rated
either for a 40°C temperature rise or a 10% to 20% loss
in inductance. Make sure the inductor selected can
handle the maximum operating current. When
saturation current is specified, make sure that there is
enough margin, so that the peak current does not
cause the inductor to saturate. Peak current can be
calculated as shown in Equation 5-1:

EQUATION 5-1:

V- Vour/Viy
Tppak = [IOUT+ VOUTX( T fxL )}

As this equation shows, the peak inductor current is
inversely proportional to the switching frequency and
the inductance; the lower the switching frequency or
the inductance the higher the peak current. As input
voltage increases, the peak current also increases.

The size of the inductor depends on the requirements
of the application. Refer to the Typical Application
Schematic and Bill of Materials sections for details.

DC resistance (DCR) is also important. While DCR is
inversely proportional to size, DCR can represent a
significant efficiency loss. Refer to the Efficiency
Considerations section.

The transition between high loads (CCM) to HyperLight
Load® (HLL) mode is determined by the inductor ripple
current and the load current, as shown in Figure 5-1.

HSD ‘
IN HLL MODE

(T, FIXED, T, VARIABLE) oucron our

—50mA ——=====l T
m I"LOAD INCREASING

LSD ‘ !
HSD
IN CCM MODE I

(T, VARIABLE, T, FIXED)

| /M lour
woucror  — — .

s slisl

FIGURE 5-1: Transition between CCM
Mode and HLL Mode.

The diagram shows the signals for high-side switch
drive (HSD) for ton control, the inductor current, and
the low-side switch drive (LSD) for togr control.
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In HLL mode, the inductor is charged with a fixed toy
pulse on the high-side switch (HSD). After this, the LSD
is switched on and current falls at a rate of Voyt/L. The
controller remains in HLL mode while the inductor
falling current is detected to cross approximately
-50 mA. When the LSD (or togg) time reaches its
minimum and the inductor falling current is no longer
able to reach this —50 mA threshold, the partis in CCM
mode and switching at a virtually constant frequency.

Once in CCM mode, the topr time does not vary.
Therefore, it is important to note that if L is large
enough, the HLL transition level will not be triggered.

That inductor is:

EQUATION 5-2:

I _ Voyrx135ns
MAX 2 % 50mA

54 Compensation

The MIC23451 is designed to be stable with a 0.47 pH
to 2.2 yH inductor with a 4.7 yF ceramic (X5R) output
capacitor.

5.5 Duty Cycle

The typical maximum duty cycle of the MIC23451 is
80%.

5.6 Efficiency Considerations

Efficiency is defined as the amount of useful output
power, divided by the amount of power supplied.

EQUATION 5-3:

Vour* ]OUT) « 100

Efficiency % = (
Vinx1py

Maintaining high efficiency serves two purposes. It
reduces power dissipation in the power supply,
reducing the need for heat sinks and thermal design
considerations, and it reduces current consumption for
battery-powered applications. Reduced current draw
from a battery increases the device’s operating time
and is critical in hand-held devices.

There are two types of losses in switching converters:
DC losses and switching losses. DC losses are the
power dissipation of I2R. Power is dissipated in the
high-side switch during the on cycle. Power loss is
equal to the high-side MOSFET Rpg(ony multiplied by
the switch current squared. During the off cycle, the
low-side N-channel MOSFET conducts, also
dissipating power. Device operating current also
reduces efficiency. The product of the quiescent

(operating) current and the supply voltage represents
another DC loss. The current required to drive the
gates on and off at a constant 4 MHz frequency, and
the switching transitions, make up the switching losses.

Efficiency vs. Output Current
Vour = 1.8V
100%

LI
90% mvmﬁa\( T..

80% |m=e=
° KL

Vi=3.6V V=5V

0%

60%

50%

40%

EFFICIENCY (%)

30%

20%

10% |—Vour=1.8V
L0

0%

0.001 0.010 0.100 1.000 10.000
OUTPUT CURRENT (A)
FIGURE 5-2: Efficiency Under Load.

Figure 5-2 shows an efficiency curve. From no load to
100 mA, efficiency losses are dominated by quiescent
current losses, gate drive, and transition losses. By
using the HyperLight Load mode, the MIC23451 can
maintain high efficiency at low output currents.

Over 100 mA, efficiency loss is dominated by MOSFET
RDS(ON) and inductor losses. Higher input supply
voltages will increase the gate-to-source voltage on the
internal MOSFETs, thereby reducing the internal
Rps(on)- This improves efficiency by reducing DC
losses in the device. All but the inductor losses are
inherent to the device. Because of this, inductor
selection becomes increasingly critical in efficiency
calculations. As the inductors are reduced in size, the
DC resistance (DCR) can become very significant. The
DCR losses can be calculated as shown in
Equation 5-4.

EQUATION 5-4:

Pper = IOUT2 xDCR

From that, the loss in efficiency caused by inductor
resistance can be calculated as shown in Equation 5-5.

EQUATION 5-5:

vV, x 1
Efficiency Loss = [1 - (LOUTR)J x 100
Vour*lour* Ppc

DS20006662A-page 14
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Efficiency loss caused by DCR is minimal at light loads
and gains significance as the load is increased.
Inductor selection becomes a trade-off between
efficiency and size in this case.

5.7 Thermal Considerations

Most applications will not require 2A continuous current
from all outputs at all times, so it is useful to know what
the thermal limits are for various loading profiles.

The allowable overall package dissipation is limited by
the intrinsic thermal resistance of the package (R8yc))
and the area of copper used to spread heat from the
package case to the ambient surrounding temperature
(RBca))- The composite of these two thermal
resistances is RB(JA), which represents the package
thermal resistance with at least 1 square inch of copper
ground plane. From this figure, which for the MIC23451
is 20°C/W, we can calculate maximum internal power
dissipation, as shown in Equation 5-6:

EQUATION 5-6:

T -T
PD _ tumax— 14
MAX RG(JA)
Where:
Tymax = Max. junction temperature (125°C)
T = Ambient temperature
RS(JA) =20°C/W

The allowable dissipation tends towards zero as the
ambient temperature increases towards the maximum
operating junction temperature.

The graph of PDyax vs. ambient temperature could be
drawn quite simply using this equation. However, a
more useful measure is the maximum output current
per regulator vs. ambient temperature. This requires
creating an ‘exchange rate’ between power dissipation
per regulator (Ppss) and its output current (IoyT)-

An accurate measure of this function can use the
efficiency curve, as illustrated in Equation 5-7:

EQUATION 5-7:
N = Pour
PourtPross
Poyrx(1-m)
R — =
Where:
n = Efficiency
Pout = lout X Vout

To arrive at the internal package dissipation Ppgs,
remove the inductor loss Ppcr, which is not dissipated
within the package. This does not give a worst case
figure because efficiency is typically measured on a
nominal part at nominal temperatures. The Igyt to
Ppiss function used in this case is a synthesized Ppgs,
which accounts for worst case values at maximum
operating temperature, as shown in Equation 5-8.

EQUATION 5-8:

Vv, V

Ppiss = I()UT2|:RDSON7P x %—+RDSON7N x (1 - I?Hirﬂ
Where:

RDSON_P = Max. RDS(ON) of the hlgh-Slde P-channel
switch at TJMAX
Rpson_n = Max. Rpg(on) of the low-side N-channel
switch at TJMAX
Vout = Output voltage
VN = Input voltage

Because ripple current and switching losses are small
with respect to resistive losses at maximum output
current, they can be considered negligible for the
purpose of this method, but could be included if
required.

Using the function describing Ppgg in terms of Igyr,
substitute Ppgg with Equation 5-6 to form the function
of maximum output current loytmax VS. ambient
temperature T, (Equation 5-9):

EQUATION 5-9:

Tyvax— T4
RO,

lovrmax = % %
our our

Rpson p* 77—+ Rpson N> (1 T )
N N

The curves shown in the Typical Performance Curves
section are plots of this function adjusted to account for
1, 2, or 3 regulators running simultaneously.

5.8 HyperLight Load Mode

Each regulator in the MIC23451 uses a minimum on
and off time proprietary control loop (patented by
Microchip). When the output voltage falls below the
regulation threshold, the error comparator begins a
switching cycle that turns the PMOS on and keeps it on
for the duration of the minimum-on-time. This increases
the output voltage. If the output voltage is over the
regulation threshold, then the error comparator turns
the PMOS off for a minimum-off-time until the output
drops below the threshold. The NMOS acts as an ideal
rectifier that conducts when the PMOS is off. Using an
NMOS switch instead of a diode allows for lower
voltage drop across the switching device when it is on.

© 2022 Microchip Technology Inc. and its subsidiaries
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The asynchronous switching combination between the
PMOS and the NMOS allows the control loop to work
in discontinuous mode for light load operations. In
discontinuous mode, the MIC23451 works in
pulse-frequency modulation (PFM) to regulate the
output. As the output current increases, the off-time
decreases, which provides more energy to the output.
This switching scheme improves the efficiency of
MIC23451 during light load currents by switching only
when it is needed. As the load current increases, the
MIC23451 goes into continuous conduction mode
(CCM) and switches at a frequency centered at 3 MHz.
The equation to calculate the load when the MIC23451
goes into continuous conduction mode is approximated
in Equation 5-10.

EQUATION 5-10:

Viv—VYour) XD
looan> =15

As shown in that equation, the load at which the
MIC23451 transitions from HyperLight Load mode to
PWM mode is a function of the input voltage (V,y),
output voltage (Voyr), duty cycle (D), inductance (L),
and frequency (f). Figure 5-3 shows that as the output
current increases, the switching frequency also
increases until the MIC23451 goes from HyperLight
Load mode to PWM mode at approximately 120 mA.
The MIC23451 will switch at a relatively constant
frequency around 3 MHz after the output current is over
120 mA.

10000
1000
’N\ -
I = Vi = 3.6V
S 100 Viv=3v [ i
2 v, Vin=58V
w /,
g 1 7.
NS
& =
N7
Vour = 1.8V
01 LLE L
0.0001  0.001 0.01 0.1 1 10
OUTPUT CURRENT (A)
FIGURE 5-3: Switching Frequency vs.
Output Current.

5.9 Multiple Sources

The MIC23451 provides all the pins necessary to
operate the three regulators from independent
sources. This can be useful in partitioning power within
a multi-rail system. For example, two supplies may be
available within a system: 3.3V and 5V. The MIC23451
can be connected to use the 3.3V supply to provide
two, low-voltage outputs (for example, 1.2V and 1.8V)
and use the 5V rail to provide a higher output (for
example, 2.5V), resulting in the power blocks shown in
Figure 5-4.

CHA1

[ T
CH2

t ] ] 12v

T
CH3

\j

FIGURE 5-4:
Diagram.

Y
Multi-Source Power Block
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6.0 TYPICAL APPLICATION SCHEMATIC
IC1
J1 2 MIC23451-AAAYFL L1 VOUT1
VIN o i _T_ C2—T— C3—T— 4 5 PVIN1 w1 26 1pH, 3A VOUT1
200uF, 6.3v[C8| | 1OHF. 6 v M t PVIN2 22 L R7
J2 BSVPC220MV R13 PVIN3 SNS1 > 301kQ "164
ot ——1 e E:x::; . N L
= 4. 7pF 6. 3v AVING FB1 158kQ L
VOUT1 L2 =
19 10k0 4 lr3A VOUT2 .
PG1 o PG1 SW2 VOUT2
R sns2 18 ’§$6k0 C5
EN1J1CO 10kQ 21 ENA - 17 R10 —|_4_7pr 6.3V JgGNDZ
VOUT2 s 16 , L3 331kQ '; VOuT3
11 10kQ r PG2 SW3 MRS — VOUT3
PGz o sNs3 2 294kQ TC6
R4‘v —@ 19 EN2 4.7uF, 6.3V
ENZJ‘IO2 1 T FB 14 R12 Jg ND
VOUT3 ° 274kQ _T_ NP3
T RoMm—o— 31 pG3
PG:SJ<1>3 10K0 T [affala) o o
R6 —"°1EN3 E\SEZE § § é § é
J14 10kQ SNEIEEE ’J
EN3 o puh
= S
FIGURE 6-1: MIC23451 Typical Application Schematic.
6.1 Recommended Bill of Materials
TABLE 6-1: BILL OF MATERIALS
Item Part Number Manufacturer Description Qty.
C1, C2, C3| GRM188R60J106ME47J Murata Capacitor, 10 pF, Size 0603 3
C4. C5. | CGB3B3X5R0J475K055AB TDK ) )
g Capacitor, 4.7 pF, Size 0603 4
C6,C7 |GRM188R61E475KE11D Murata
C8 EEU-FR1A221B Panasonic | Electrolytic Capacitor, 220 pyF, 10V, Size 6.3 mm 1
R1, R2,
R3, R4, |CRCWO060310KOFKEA Vishay Resistor, 10 kQ, Size 0603 6
R5, R6
R7 CRCWO0603301KOFKEA Vishay Resistor, 301 kQ, Size 0603 1
R8 CRCWO0603158K0FKEA Vishay Resistor, 158 kQ, Size 0603 1
R9 CRCWO0603316K0FKEA Vishay Resistor, 316Q, Size 0603 1
R10 CRCWO0603331KOFKEA Vishay Resistor, 331 kQ, Size 0603 1
R11 CRCWO0603294K0FKEA Vishay Resistor, 294 kQ, Size 0603 1
R12 CRCWO0603274K0OFKEA Vishay Resistor, 274 kQ, Size 0603 1
1 uH, 2A, 60 mQ,
VLS3012HBX-1ROM TDK L3.0 mm x W3.0 mm x H1.0 mm
L1.12,13 1 uH, 2.8A, 50 mQ 3
pH, 2.8A, 50 mQ),
LQH44PN1RONJO Murata L4.0 mm x WA4.0 mm x H1.2 mm
U1 | MIC23451-AAAYFL Microchip ﬁ}'}g’:i;ﬁg I_Z:; 5”0" Regulator with 1

© 2022 Microchip Technology Inc. and its subsidiaries
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7.0 PCB LAYOUT RECOMMENDATIONS

= 2504, 002 (mily >
EWICREL, Inc
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FIGURE 7-1: Top Layer.
< 2504. 002 (mil> >
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Y
FIGURE 7-2: Mid Layer 1.
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FIGURE 7-3: Mid Layer 2.
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FIGURE 7-4: Bottom Layer.
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8.0 PACKAGING INFORMATION

8.1 Package Marking Information

26-Lead FQFN* Example
M xX MAAA
XXXXX 23451
WNNN 4PR7
[ ] ( J

Legend: XX..X Product code or customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01)
NNN Alphanumeric traceability code
e3 Pb-free JEDEC® designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

e, A, ¥V Pinone index is identified by a dot, delta up, or delta down (triangle
mark).

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information. Package may or may not include
the corporate logo.

Underbar (_) symbol may not be to scale.

Note: If the full seven-character YYWWNNN code cannot fit on the package, the following truncated codes are
used based on the available marking space:
6 Characters = YWWNNN; 5 Characters = WWNNN; 4 Characters = WNNN; 3 Characters = NNN;
2 Characters = NN; 1 Character = N

DS20006662A-page 20 © 2022 Microchip Technology Inc. and its subsidiaries
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26-Lead 4 mm x 4 mm FQFN Package Outline and Recommended Land Pattern

TITLE
26 LEAD FQFN 4x4mm PACKAGE (Flip Chip) OUTLINE & RECOMMENDED LAND PATTERN

DRAWING # | FQFN44-26LD-PL-1 UNIT | MM
1.670%0,050
Exp PAD
[==4.000£0050 . P
| T
i :,U UL U,: 0.380+0.050
| = | o [ Exp PAD
' e e {
4.000£0.050 ——+— - ) | =
| =
| = AW \Ii 0.400£0.050 |
/e 04500050 [ [1[1 (11 (1 Exp PAD
i I PIN #1
PIN1DOT _/ 1.800£0,050 IDENTIFICATION
BY MARKING Exp PAD R 0.100
TOP VIEW BOTTOM VIEW
NOTE 1 L, 2, 3 NOTE 1 1, 2
i

0.85010.050& #
0203 Ref,
0.000-0.050

SIDE VIEW

NOTE 1 1, 2

NOTE:

1. Max package warpage is 0.05mm.

2. Max allowable burr is 0.076mm in all directions.

3. Pin #1 will be laser marked.

4. Red circle in PGND indicate thermal via. Size should be 0.20mm in diameter, 0.40mm pitch and should be connected to GND
for max thermal performance.

5. Blue colored pad & circle indicate SGND, do not connect to GND.

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging.
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POD-Land Pattern drawing #FQFN44-26LD-PL-1

RECOMMENDED LAND PATTERN
NOTE : 4, 5

STACKED-UP
0.250+0,020 0.652£0.020—= {=—
0.340£0,020 0.079+0.020p 0.121+0,020
1.670+0.020 - ] {=—0.618+0.020
ooonono . Io.e&som.oao
- ‘ O -0.380+0.020 H ’ 0.182+0.020
t 15} mge 2 st e 2 [ |
(| — , +0, I
0500 BSC——"—-—Ft-—=—=7] Y e N vo
— R ——
ﬁg* O REND O E I J 0.160_}0.080} PEND ll J
i E‘D donod DD 0,400£0,020 i Z ‘ 0.582+0,020
0.500£0.020 | _ 0.420+0.020 |
T * Sy LT
1.8(40+0.020 =——0.051%0.020
{=—4.200+0.020 0.548+0]020 —
~—24,040£0,020
EXPOSED METAL TRACE SOLDER STENCIL OPENING

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging.
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APPENDIX A: REVISION HISTORY

Revision A (April 2022)

* Converted Micrel document MIC23451 to Micro-
chip data sheet DS20006662A.

* Minor text changes throughout.

© 2022 Microchip Technology Inc. and its subsidiaries DS20006662A-page 23



MIC23451

NOTES:
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, contact your local Microchip representative or sales office.

Part Number -XXX X XX XX Examples:
Device \%Tt‘;’g; ,;Z:gé Package MediaType | ) MIC23451-AAAYFL-TR:  MIC23451, Triple Ad). Output
Voltage, —-40°C to +125°C
Temp. Range, 26-Lead
FQFN, 5,000/Reel
MIC23451: 3 MHz, 2A Triple Synchronous Buck Regu- . . .
.. : ] ® b) MIC23451-AAAYFL-T5:  MIC23451, Triple Adj. Output
Device: Iggoordwnh HyperLight Load™ and Power Voltage, ~40°C to +125°C

Temp. Range, 26-Lead
FQFN, 500/Reel

Output Voltage: AAA = Adjustable/Adjustable/Adjustable

Note 1:  Tape and Reel identifier only appears in the
catalog part number description. This identifier is

E:r:p:rature Y = —40°C to +125°C used for ordering purposes and is not printed on
ge: the device package. Check with your Microchip
Sales Office for package availability with the Tape
Package: FL =  26-Lead FQFN and Reel option.
- . TR = 5,000/Reel
Media Type: T5 =  500/Reel
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Note the following details of the code protection feature on Microchip products:

. Microchip products meet the specifications contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is secure when used in the intended manner, within operating specifications, and

under normal conditions.

. Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code protection features of
Microchip product is strictly prohibited and may violate the Digital Millennium Copyright Act.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code protection does not
mean that we are guaranteeing the product is “unbreakable”. Code protection is constantly evolving. Microchip is committed to
continuously improving the code protection features of our products.

This publication and the information herein may be used only
with Microchip products, including to design, test, and integrate
Microchip products with your application. Use of this informa-
tion in any other manner violates these terms. Information
regarding device applications is provided only for your conve-
nience and may be superseded by updates. It is your responsi-
bility to ensure that your application meets with your
specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at https:/
www.microchip.com/en-us/support/design-help/client-support-
services.

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS".
MICROCHIP MAKES NO REPRESENTATIONS OR WAR-
RANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED,
WRITTEN OR ORAL, STATUTORY OR OTHERWISE,
RELATED TO THE INFORMATION INCLUDING BUT NOT
LIMITED TO ANY IMPLIED WARRANTIES OF NON-
INFRINGEMENT, MERCHANTABILITY, AND FITNESS FORA
PARTICULAR PURPOSE, OR WARRANTIES RELATED TO
ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDI-
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QUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY
KIND WHATSOEVER RELATED TO THE INFORMATION OR
ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS
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ALLOWED BY LAW, MICROCHIP'S TOTAL LIABILITY ON
ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION
ORITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF
ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP
FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applica-
tions is entirely at the buyer's risk, and the buyer agrees to
defend, indemnify and hold harmless Microchip from any and
all damages, claims, suits, or expenses resulting from such
use. No licenses are conveyed, implicitly or otherwise, under
any Microchip intellectual property rights unless otherwise
stated.
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please visit www.microchip.com/quality.
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