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MICROCHIP

MIC28511

60V |y, 3A Synchronous Buck Regulator

Features

4.6V to 60V Operating Input Voltage Supply
Up to 3A Output Current

Integrated High-Side and Low-Side N-Channel
MOSFETs

HyperLight Load (MIC28511-1) and Hyper Speed
Control (MIC28511-2) Architecture

Enable Input and Power Good (PGOOD) Output

Programmable Current-Limit and Foldback
“Hiccup” Mode Short-Circuit Protection

Built-In 5V Regulator for Single-Supply Operation

Adjustable 200 kHz to 680 kHz Switching
Frequency

Fixed 5 ms Soft-Start
Internal Compensation and Thermal Shutdown

Thermally-Enhanced 24-Pin 3 mm x 4 mm FQFN
Package

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

Applications

.

Industrial Power Supplies
Distributed Supply Regulation

Base Station Power Supplies

Wall Transformer Regulation
High-Voltage Single-Board Systems

© 2016 Microchip Technology Inc.

General Description

The MIC28511 is a synchronous step-down switching
regulator with internal power switches capable of
providing up to 3A output current from a wide input
supply range from 4.6V to 60V. The output voltage is
adjustable down to 0.8V with a guaranteed accuracy of
+1%. A constant switching frequency can be
programmed from 200 kHz to 680 kHz. The Hyper
Speed Control® and HyperLight Load® architectures of
the MIC28511 allow for high Vy (low Vo) operation
and ultra-fast transient response while reducing the
required output capacitance and providing very good
light-load efficiency.

The MIC28511 offers a full suite of features to ensure
protection under fault conditions. These include
undervoltage lockout to ensure proper operation under
power sag conditions, internal soft-start to reduce
inrush current, foldback current-limit, “hiccup” mode
short-circuit protection and thermal shutdown.

Package Type
MIC28511
24-Pin 3 mm x 4 mm FQFN (FL)
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Typical Application Circuit
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MIC28511

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings t

PV s VIN 0 PGIND e eeeeeeeeessese e eeesesesesesesee oo 0.3V to +65V
VDD’ PVDD Lo =d €11\ TP RRRRRRTRN -0.3V to +6V
VBST to VSW’ VLX ......................................................................................................................................... —0.3V to +6V
VBST BO P GIND ...t e e e e e — e e e e ea et ———eeeeea—aeeeeeeatraeeeaareeaeeaaanres -0.3Vto (VIN + 6V
VY 10 POND ...coooeoeeeeeeee oo eneee s 0.3V to (Vyy + 0.3V)
VLX’ VFB' VPG’ VFREQ’ VILIM! VEN BOAGND ... -0.3V to (VDD + 03V)
L C NI (o Y ] | 5 SR —0.3V to +0.3V
ESD RAUNGM) (HBIM) ... eee e en e 1.5 kV
ESD RAUNGM (IMM) ..o e ee e en e 150V

Operating Ratings

SUPPIY VOIRAGE PV, VIND -+ -reereeeereertmtanteesiee et st ettt ettt bttt ettt et sh et esae e bt e sae e e b e e e eneenane s +4.5V to +60V
ENADIE INPUL (VEN) +eererteteenmttentt ettt etttk ettt et h et e e h et et eeh et et she e et e e nb bt et e e nbe e er e e nneeeane e e 0V to V|y
sz, VFREQ’ V|L|M! VEN ...................................................................................................................................... 0V to V|N

1 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.

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

Note 1: Devices are ESD sensitive. Handling precautions are recommended. Human body model, 1.5 kQ in series
with 100 pF.

© 2016 Microchip Technology Inc. DS20005520A-page 3



MIC28511

TABLE 1-1: ELECTRICAL CHARACTERISTICS
Electrical Characteristics: V|\ = 12V, T, = 25°C, unless noted. Bold values indicate —-40°C < T; < +125°C.
(Note 1).
Parameters Min. Typ. Max. Units Conditions

Power Supply Input

Input Voltage Range (PV|y, 4.6 — 60 \% —

Vin)

Quiescent Supply Current — 0.4 0.75 mA Veg = 1.5V (MIC28511-1)

— 0.7 1.5 VEgg = 1.5V (MIC28511-2)

Shutdown Supply Current — 0.1 10 MA SW unconnected, Vgy = 0V
Vpp Supply

Vpp Output Voltage 4.8 5.2 5.4 \Y VN =7V to 60V, lypp = 10 mA
Vpp UVLO Threshold 3.8 4.2 4.6 \ Vpp rising

Vpp UVLO Hysteresis — 400 — mV —

Load Regulation at 40 mA 0.6 2 4.0 % —

Reference

Feedback Reference Voltage 0.792 0.8 0.808 \Y, 0°C =T, =< +85°C (+1.0%)

0.784 0.8 0.816 —40°C < T < +125°C (+2%)

FB Bias Current — 5 500 nA Veg = 0.8V

Enable Control

EN Logic Level High 1.8 — — V —

EN Logic Level Low — — 0.6 —

EN Hysteresis — 200 — mV —

EN Bias Current — 5 40 pA Ven = 12V

Oscillator

Switching Frequency 450 680 800 kHz  |VEreq = VIN

— 340 — VEReq = 50% x V|

Maximum Duty Cycle — 85 — % —

Minimum Duty Cycle — 0 — Vgg > 0.8V

Minimum Off-Time 110 200 270 ns —

Internal MOSFET

High-Side NMOS — 51 — mQ |—

On-Resistance

Low-Side NMOS — 28 — —

On-Resistance

Short-Circuit Protection

Current-Limit Threshold -30 -14 mV Vgg = 0.79V

Short-Circuit Threshold =27 -7 VEg = 0V

Current-Limit Source Current 50 70 90 pA Vgg =0.79V

Short-Circuit Source Current 25 36 43 Vg = 0V

Note 1: Specification for packaged product only.
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MIC28511

TABLE 1-1: ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Characteristics: V| = 12V, T = 25°C, unless noted. Bold values indicate —-40°C < T; < +125°C.

(Note 1).

Parameters Min. Typ. Max. Units Conditions
Leakage
SW, BST Leakage Current — ‘ — 50 MA ‘—
Power Good (PGOOD)
PGOOD Threshold Voltage 85 90 95 %Voyut |Sweep Vig from low to high
PGOOD Hysteresis — 6 — Sweep Vgg from low to high
PGOOD Delay Time — 100 — us Sweep Vgg from low to high
PGOOD Low Voltage — 70 200 mV VEg <90% X Vnowms lpcoop =1 mA
Thermal Protection
Overtemperature Shutdown — 160 — °C T, Rising
Overtemperature Shutdown — 15 — °C —
Hysteresis
Soft-Start
Soft-Start Time — ‘ 5 — ms ‘ —

Note 1: Specification for packaged product only.

© 2016 Microchip Technology Inc.
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MIC28511

TEMPERATURE SPECIFICATIONS

Parameters ‘ Sym. | Min. ‘ Typ. ‘ Max. ‘ Units ‘ Conditions
Temperature Ranges
Junction Operating Temperature T, -40 — +125 °C Note 1
Storage Temperature Range Ts —65 — +150 °C |—
Junction Temperature T, — — +150 °C |—
Lead Temperature — — — +300 °C Soldering, 10s
Package Thermal Resistances
Thermal Resistance 3 mm x 4 mm 0,a — 30 — °C/W |—
FQFN-24LD

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., Tp, T, 6,4). 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.

DS20005520A-page 6 © 2016 Microchip Technology Inc.




MIC28511

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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Output Recovery from
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FIGURE 2-52: MIC28511-2 Switching
Waveforms, oyt = OA.
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FIGURE 2-49: Output Recovery from
Short-Circuit (Zoomed-In Version).
T
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FIGURE 2-50: Output Recovery from
Thermal Shutdown.
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FIGURE 2-53: MIC28511-1 Switching

Waveforms, oyt = OA.
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FIGURE 2-51: MIC28511-2 Switching

Waveforms, loyt = 3A.
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FIGURE 2-54: MIC28511-1 Switching

Waveforms, loyt = 3A.

© 2016 Microchip Technology Inc.

DS20005520A-page 15



MIC28511

p
v
(500mV/div) f3 A\
(AC-COUPLED) vV
vV, =12V
VOUT = 5V
"""""""""""" ooy =OATO3A
.i ‘
| b
e
@A) ™

Time (100us/div)

YIN T
(10V/div)

v
Gvidv) B

FIGURE 2-55:
Response.

MIC28511-2 Transient
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FIGURE 2-56: MIC28511-1 Transient
Response.
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FIGURE 2-57: Power Good at Vy Soft
Turn-On.

V,, =12V
VOUT = 5V
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VPG [F
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Time (20.0ms/div)
FIGURE 2-58: Power Good at V Soft
Turn-Off.
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3.0

PIN DESCRIPTIONS

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

TABLE 3-1:

Pin Number

Symbol

Description

1

DL

Low-Side Gate Drive. Internal low-side power MOSFET gate connection. This pin must
be left unconnected or floating.

PGND

PGND is the return path for the low-side driver circuit. Connect to the source of low-side
MOSFET’s (PGND, pins 10, 11 22, 23, and 26) through a low-impedance path.

DH

High-Side Gate Drive. Internal high-side power MOSFET gate connection. This pin
must be left unconnected or floating.

4,7,8,9,25
(25 is ePad)

PViN

Power Input Voltage. The PV, pins supply power to the internal power switch. Connect
all PV pins together and bypass locally with ceramic capacitors. The positive terminal
of the input capacitor should be placed as close as possible to the PV, pins, the
negative terminal of the input capacitor should be placed as close as possible to the
PGND pins 10,11, 22, 23, and 26.

LX

The LX pin is the return path for the high-side driver circuit. Connect the negative
terminal of the bootstrap capacitor directly to this pin. Also connect this pin to the SW
pins 12, 21, and 27, with a low-impedance path. The controller monitors voltages on this
and PGND for zero current detection.

BST

Bootstrap Pin. This pin provides bootstrap supply for the high-side gate driver circuit.
Connect a 0.1 yF capacitor and an optional resistor in series from the LX (pin 5) to the
BST.

10, 11, 22, 23,
26
(26 is ePad)

PGND

Power Ground. These pins are connected to the source of the low-side MOSFET. They
are the return path for the step-down regulator power stage and should be tied together.
The negative terminal of the input decoupling capacitor should be placed as close as
possible to these pins.

12,21, 27
(27 is ePad)

SwW

Switch Node. The SW pins are the internal power switch outputs. These pins should be
tied together and connected to the output inductor.

13

AGND

Analog Ground. The analog ground for Vpp and the control circuitry. The analog ground
return path should be separate from the power ground (PGND) return path.

14

FB

Feedback Input. The FB pin sets the regulated output voltage relative to the internal
reference. This pin is connected to a resistor divider from the regulated output such that
the FB pin is at 0.8V when the output is at the desired voltage.

15

PGOOD

The power good output is an open drain output requiring an external pull-up resistor to
external bias. This pin is a high impedance open circuit when the voltage at FB pin is
higher than 90% of the feedback reference voltage (typically 0.8V).

16

EN

Enable Input. The EN pin enables the regulator. When the pin is pulled below the
threshold, the regulator will shut down to an ultra-low current state. A precise threshold
voltage allows the pin to operate as an accurate UVLO. Do not tie EN to Vpp

17

Supply voltage for the internal LDO. The VIN operating voltage range is from 4.6V to
60V. A ceramic capacitor from V|y to AGND is required for decoupling. The decoupling
capacitor should be placed as close as possible to the supply pin.

18

Current Limit Setting. Connect a resistor from this pin to the SW pin node to allow for
accurate current limit sensing programming of the internal low-side power MOSFET.

19

Internal +5V Linear Regulator: Vpp is the internal supply bus for the IC. Connect to an
external 1 yF bypass capacitor. When V| is <5.5V, this regulator operates in drop-out
mode. Connect Vpp to V|y.

20

Pvbp

A 5V supply input for the low-side N-channel MOSFET driver circuit, which can be tied
to Vpp externally. A 1 yF ceramic capacitor from PVpp to PGND is recommended for
decoupling.

24

FREQ

Switching Frequency Adjust pin. Connect this pin to V\ to operate at 680 kHz. Place a
resistor divider network from Vy to the FREQ pin to program the switching frequency.

© 2016 Microchip Technology Inc.
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4.0 FUNCTIONAL DESCRIPTION

The MIC28511 is an adaptive on-time synchronous
buck regulator with integrated high-side and low-side
MOSFETs suitable for high-input voltage to low-output
voltage conversion applications. It is designed to
operate over a wide input voltage range (4.6V to 60V)
which is suitable for automotive and industrial
applications. The output is adjustable with an external
resistive divider. An adaptive on-time control scheme is
employed to produce a constant switching frequency in
continuous-conduction mode and reduced switching
frequency in discontinuous-operation mode, improving
light-load efficiency. Overcurrent protection s
implemented by sensing low-side MOSFET's Rpg(ony-
The device features internal soft-start, enable, UVLO,
and thermal shutdown.

4.1 Theory of Operation

As illustrated in the Functional Block Diagram, the
output voltage of the MIC28511 is sensed by the
feedback (FB) pin via voltage dividers R1 and R2, and
compared to a 0.8V reference voltage VRrgr at the error
comparator through a low-gain transconductance (gy)
amplifier. If the feedback voltage decreases and the
amplifier output is below 0.8V, then the error
comparator will trigger the control logic and generate
an ON-time period. The ON-time period length is
predetermined by the fixed tqoy estimator circuitry:

EQUATION 4-1:
p _ _Vour
ON(ESTIMATED) = Vi = fsw
Where:
Vout Output Voltage
VIN Power Stage Input Voltage
fsw Switching Frequency

At the end of the ON-time period, the internal high-side
driver turns off the high-side MOSFET and the low-side
driver turns on the low-side MOSFET. The OFF-time
period length depends upon the feedback voltage in
most cases. When the feedback voltage decreases
and the output of the gy, amplifier is below 0.8V, then
the ON-time period is triggered and the OFF-time
period ends. If the OFF-time period determined by the
feedback voltage is less than the minimum OFF-time
torF(MiINy, Which is about 200 ns (typical), the MIC28511
control logic will apply the torrgminy instead. The
torF(MiIN) is required to maintain enough energy in the
boost capacitor (Cggr) to drive the high-side MOSFET.

The maximum duty cycle is obtained from
Equation 4-2.

EQUATION 4-2:

Dyax = L=toprmumvy *fsw

It is not recommended to use MIC28511 with an
OFF-time close to torrguiny during steady-state
operation.

The adaptive ON-time control scheme results in a
constant switching frequency in the MIC28511. The
actual ON-time and resulting switching frequency will
vary with the different rising and falling times of the
external MOSFETSs. Also, the minimum tgy results in a
lower switching frequency in high V|y to Vpoyt
applications. During load transients, the switching
frequency is changed due to the varying OFF-time.

Figure 4-1 shows the allowable range of the output
voltage versus the input voltage. The minimum output
voltage is 0.8V which is limited by the reference
voltage. The maximum output voltage is 24V which is
limited by the internal circuitry.

|
0.8V (MINIMUM)—}

||

0
5 15 25 35 45 55
INPUT VOLTAGE (V)

30

Z 2 ,

2 20 / o~ f,, = 600kHz | |
o / f,,, = 400kHz

g 15 7 fy = 200kHz ——|
= |

5 /| ALLOWABLE RANGE ||
[ = |

2

o

FIGURE 4-1: Allowable Output Voltage
Range vs. Input Voltage.

To llustrate the control loop operation, both the
steady-state and load transient scenarios will be
analyzed.

Figure 4-2 shows the MIC28511 control loop timing
during steady-state operation. During steady-state, the
gm amplifier senses the feedback voltage ripple, which
is proportional to the output voltage ripple and the
inductor current ripple, to trigger the ON-time period.
The ON-time is predetermined by the tgy estimator.
The termination of the OFF-time is controlled by the
feedback voltage. At the valley of the feedback voltage
ripple, which occurs when Vg falls below Vgrgp, the
OFF period ends and the next ON-time period is
triggered through the control logic circuitry.
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FIGURE 4-2:
Timing.

MIC28511 Control Loop

Figure 4-3 shows the operation of the MIC28511 during
a load transient. The output voltage drops due to the
sudden load increase, which causes the Vg to be less
than Vger This will cause the error comparator to
trigger an ON-time period. At the end of the ON-time
period, a minimum OFF-time torrgvin) is generated to
charge Cggt because the feedback voltage is still
below Vreg. Then, the next ON-time period is triggered
due to the low feedback voltage. Therefore, the
switching frequency changes during the load transient,
but returns to the nominal fixed frequency once the
output has stabilized at the new load current level. With
the varying duty cycle and switching frequency, the
output recovery time is fast and the output voltage
deviation is small in MIC28511 converter.

FULL LOAD

NO LOAD

HSD

il
T

OFF(MIN)

FIGURE 4-3:
Response.

MIC28511 Load Transient

Unlike true current-mode control, the MIC28511 uses
the output voltage ripple to trigger an ON-time period.
The output voltage ripple is proportional to the inductor

current ripple if the ESR of the output capacitor is large
enough. The MIC28511 control loop has the advantage
of eliminating the need for slope compensation.

In order to meet the stability requirements, the
MIC28511 feedback voltage ripple should be in phase
with the inductor current ripple and large enough to be
sensed by the gy, amplifier and the error comparator.
The recommended feedback voltage ripple is 20 mV ~
100 mV.

If a low-ESR output capacitor is selected, then the
feedback voltage ripple may be too small to be sensed
by the gy, amplifier and the error comparator. Also, if
the ESR of the output capacitor is very low, the output
voltage ripple and the feedback voltage ripple are not
necessarily in phase with the inductor current ripple. In
these cases, ripple injection is required to ensure
proper operation. Please refer to the Ripple Injection
subsection for more details about the ripple injection
technique.

4.2 Discontinuous Mode (MIC28511-1
Only)

In continuous mode, the inductor current is always
greater than zero; however, at light loads the
MIC28511-1 is able to force the inductor current to
operate in discontinuous mode. Discontinuous mode
occurs when the inductor current falls to zero, as
indicated by trace (I ) shown in Figure 4-4. During this
period, the efficiency is optimized by shutting down all
the non-essential circuits and minimizing the supply
current. The MIC28511-1 wakes up and turns on the
high-side MOSFET when the feedback voltage Vg
drops below 0.8V.

The MIC28511-1 has a zero crossing comparator that
monitors the inductor current by sensing the voltage
drop across the low-side MOSFET during its ON-time.
If the VEg > 0.8V and the inductor current goes slightly
negative, then the MIC28511-1 automatically powers
down most of the IC circuitry and goes into a low-power
mode.

Once the MIC28511-1 goes into discontinuous mode,
both DH and DL are low, which turns off the high-side
and low-side MOSFETs. The load current is supplied
by the output capacitors and Vgt drops. If the drop of
Vour causes Vg to go below Vrgp, then all the circuits
will wake up into normal continuous mode. First, the
bias currents of most circuits reduced during the
discontinuous mode are restored, and then a tgy pulse
is triggered before the drivers are turned on to avoid
any possible glitches. Finally, the high-side driver is
turned on. Figure 4-4 shows the control loop timing in
discontinuous mode.

© 2016 Microchip Technology Inc.
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FIGURE 4-4: MIC28511-1 Control Loop

Timing (Discontinuous Mode).

During discontinuous mode, the bias current of most
circuits are reduced. As a result, the total power supply
current during discontinuous mode is only about
450 pA, allowing the MIC28511-1 to achieve high
efficiency in light load applications.

4.3 Vpp Regulator

The MIC28511 provides a 5V regulated Vpp to bias
internal circuitry for V)y ranging from 5.5V to 60V.
When V) is less than 5.5V, Vpp should be tied to V|y
pins to bypass the internal linear regulator.

4.4 Soft-Start

Soft-start reduces the power supply inrush current at
startup by controlling the output voltage rise time while
the output capacitor charges.

The MIC28511 implements an internal digital soft-start
by ramping up the 0.8V reference voltage (Vggg) from
0 to 100% in about 5 ms with 9.7 mV steps. This
controls the output voltage rate of rise at turn on,
minimizing inrush current and eliminating output
voltage overshoot. Once the soft-start cycle ends, the
related circuitry is disabled to reduce current
consumption.

4.5 Current Limit

The MIC28511 uses the Rpgon) of the internal
low-side power MOSFET to sense overcurrent
conditions. In each switching cycle, the inductor current
is sensed by monitoring the low-side MOSFET during
its ON period. The sensed voltage, V(_jm), is compared
with the power ground (PGND) after a blanking time of
150 ns.

The voltage drop of the resistor R is compared with
the low-side MOSFET voltage drop to set the
overcurrent trip level. The small capacitor connected
from the Iy pin to PGND can be added to filter the
switching node ringing, allowing a better short limit
measurement. The time constant created by R, )\ and
the filter capacitor should be much less than the
minimum off time.

The overcurrent limit can be programmed by using
Equation 4-3:

EQUATION 4-3:
R _ Uepy—0.5x AIL(PP)) X Rpscom+ Ver
ILIM = 7
CL
Where:
lcLim Desired Current Limit
Al ppy Inductor Current Peak-to-Peak
Use Equation 4-4 to calculate the
inductor ripple current
Rps(on) On-Resistance of Low-Side Power
MOSFET (40 mQ typical)
Vel Current-limit threshold.

14 mV (typical absolute value).
See the Electrical Characteristics table.

loL Current-limit source current.
70 pA (typical). See the Electrical Char-
acteristics table.

The peak-to-peak inductor current ripple is calculated
with Equation 4-4.

EQUATION 4-4:

Vour (VIN(MAX) -Vour)

Al ppy =
P Viniaxy X fsw> L

The MOSFET Rpgon) varies 30% to 40% with
temperature; therefore, it is recommended to use the
Rps(ony at maximum junction temperature with a 20%
margin to calculate R\ in Equation 4-3.

In case of hard short, the current-limit threshold is
folded down to allow an indefinite hard short on the
output without any destructive effect. It is mandatory to
make sure that the inductor current used to charge the
output capacitor during soft-start is under the folded
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short limit; otherwise the supply will go into hiccup
mode and may not be finishing the soft-start
successfully.

4.6 Power Good (PGOOD)

The power good (PGOOD) pin is an open-drain output
that indicates logic-high when the output is nominally
90% of its steady state voltage.

4.7  MOSFET Gate Drive

The Functional Block Diagram shows a bootstrap
circuit, consisting of DggT, CgsT, and RgsT. This circuit
supplies energy to the high-side drive circuit. Capacitor
Cgst is charged, while the low-side MOSFET is on,
and the voltage on the SW pin is approximately OV.
When the high-side MOSFET driver is turned on,
energy from Cggt is used to turn the MOSFET on. As
the high-side MOSFET turns on, the voltage on the SW
pin increases to approximately V,y. Diode Dggt is
reverse-biased and Cggr floats high while continuing to
bias the high-side gate driver. The bias current of the
high-side driver is less than 10 mA, so a 0.1 pF to 1 pF
capacitor is sufficient to hold the gate voltage with
minimal droop for the power stroke (high-side
switching) cycle, i.e. ABST = 10 mA x 1.25 ps/0.1 pF =
125 mV. When the low-side MOSFET is turned back
on, CggT is then recharged through the boost diode. A
30Q resistor Rgg, Which is in series with the BST pin,
is required to slow down the turn-on time of the
high-side N-channel MOSFET.

© 2016 Microchip Technology Inc.
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5.0 APPLICATION INFORMATION

5.1 Output Voltage Setting
Components

The MIC28511 requires two resistors to set the output
voltage as shown in Figure 5-1.

/
/

FIGURE 5-1:
Configuration.

Voltage Divider

The output voltage is determined by Equation 5-1.
EQUATION 5-1:

R1
VOUT = VFBX(I +R—J

Where:
Veg 0.8V

A typical value of R1 used on the standard evaluation
board is 10 kQ. If R1 is too large, it may allow noise to
be introduced into the voltage feedback loop. If R1 is
too small in value, it will decrease the efficiency of the
power supply, especially at light loads. Once R1 is
selected, R2 can be calculated using Equation 5-2:

EQUATION 5-2:

R) = Vg x R1
VOUT_ VFB

5.2 Setting the Switching Frequency

The MIC28511 switching frequency can be adjusted by
changing the resistor divider network from V|y.

VIN
MIC28511
R19
FREQ
R17 GND

FIGURE 5-2:
Adjustment.

Switching Frequency

Equation 5-3 gives the estimated switching frequency.

EQUATION 5-3:
R17
Tsw = Jox (Rl7 +R19)
Where:
fo Switching frequency when R17 is open;

typically 680 kHz.

Figure 5-3 shows the switching frequency versus the
resistor R17 when R19 = 100 kQ.

700 - T T T T T 77
R19 = 100kQ, I, = 1A “ | | fil
600 | H: Ay _'|":' SEEE
= V,, = 60V "
QT M e 9.
8 400 |4 Lol
© V= 12V —t¥ |
'8 | [{¥
300 — e
% | |
200 |- T  E RELL| S
0.1.0 100 N D -
R17 (kQ)
FIGURE 5-3: Switching Frequency vs.

R17.

5.3 Inductor Selection

Values for inductance, peak, and RMS currents are
required to select the output inductor. The input and
output voltages and the inductance value determine
the peak-to-peak inductor ripple current. Generally,
higher inductance values are used with higher input
voltages. Larger peak-to-peak ripple currents will
increase the power dissipation in the inductor and
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MOSFETs. Larger output ripple currents will also
require more output capacitance to smooth out the
larger ripple current. Smaller peak-to-peak ripple
currents require a larger inductance value and
therefore a larger and more expensive inductor. A good
compromise between size, loss and cost is to set the
inductor ripple current to be equal to 20% of the
maximum output current. The inductance value is
calculated by:

EQUATION 5-4:

I = Vour* Vinimaxy= Your)

Vineaxy X Mpppy X fsw

Where:
fsw Switching Frequency
Al ppy The peak-to-peak inductor current

ripple; typically 20% of the maximum
output current

In continuous conduction mode, the peak inductor
current is equal to the average output current plus one
half of the peak-to-peak inductor current ripple.

EQUATION 5-5:

Iipxy = loyr 05 < Al pp)

The RMS inductor current is used to calculate the 1°R
losses in the inductor.

EQUATION 5-6:

2
I = 2, Ay
L(RMS) OUT(MAX) Iz

Maximizing efficiency requires the proper selection of
core material and minimizing the winding resistance.
The high frequency operation of the MIC28511 requires
the use of ferrite materials for all but the most cost
sensitive applications. Lower cost iron powder cores
may be used but the increase in core loss will reduce
the efficiency of the power supply. This is especially
noticeable at low output power. The winding resistance
decreases efficiency at the higher output current levels.

The winding resistance must be minimized although
this usually comes at the expense of a larger inductor.
The power dissipated in the inductor is equal to the sum
of the core and copper losses. At higher output loads,
the core losses are usually insignificant and can be
ignored. At lower output currents, the core losses can
be a significant contributor. Core loss information is
usually available from the magnetics vendor. Copper
loss in the inductor is calculated by Equation 5-7:

EQUATION 5-7:

2
Prcvy = Trms) * DCR

The resistance of the copper wire, DCR, increases with
the temperature. The value of the winding resistance
used should be at the operating temperature.

EQUATION 5-8:

DCR 7y = DCR 550 % (1+0.0042 x [T}, — Ty 1)

Where:
Ty Temperature of wire under full load
Tooc Ambient temperature

DCRpocy Room temperature winding resistance
(usually specified by the manufacturer)

5.4 Output Capacitor Selection

The type of the output capacitor is usually determined
by its equivalent series resistance (ESR). Voltage and
RMS current capability are also important factors in
selecting an output capacitor. Recommended capacitor
types are ceramic, tantalum, low-ESR aluminum
electrolytic, OS-CON and POSCAP. For high ESR
electrolytic capacitors, ESR is the main cause of the
output ripple. The output capacitor ESR also affects the
control loop from a stability point of view. For a low ESR
ceramic output capacitor, ripple is dominated by the
reactive impedance. The maximum value of ESR is
calculated by Equation 5-9.

EQUATION 5-9:

AV
ESR, <~ ouren)
our AIL(PP)

Where:

AVoytpp) Peak-to-Peak Output Voltage Ripple
Al ppy  Peak-to-Peak Inductor Current Ripple

The total output ripple is a combination of the ESR and
output capacitance. The total ripple is calculated by
Equation 5-10.

EQUATION 5-10:

AVourcpp) =

2 x AIL
¢) + (AL, o X ESR py110)”
/\/(COUTXfSWX 8 L(PP) cour

Where:
D Duty Cycle
Cout Output Capacitance Value
fsw Switching Frequency
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As described in the Theory of Operation subsection of
the Functional Description, the MIC28511 requires at
least 20 mV peak-to-peak ripple at the FB pin for the gy
amplifier and the error comparator to operate properly.
Also, the ripple on FB pin should be in phase with the
inductor current. Therefore, the output voltage ripple
caused by the output capacitors value should be much
smaller than the ripple caused by the output capacitor
ESR. If low-ESR capacitors, such as ceramic
capacitors, are selected as the output capacitors, a
ripple injection method should be applied to provide the
enough feedback voltage ripple. Refer to the Ripple
Injection subsection for details.

The voltage rating of the capacitor should be twice the
output voltage for a tantalum and 20% greater for
aluminum electrolytic or OS-CON. The output capacitor
RMS current is calculated in Equation 5-11.

EQUATION 5-11:

_ Aly ppy

ICOUT(RMS) /\/_
12

The power dissipated in the output capacitor is:

EQUATION 5-12:

2
Ppissccoury = Lcourrms) * ESRcour

5.5 Input Capacitor Selection

The input capacitor for the power stage input V|y
should be selected for ripple current rating and voltage
rating. Tantalum input capacitors may fail when
subjected to high inrush currents, caused by turning the
input supply on. A tantalum input capacitor’s voltage
rating should be at least two times the maximum input
voltage to maximize reliability. Aluminum electrolytic,
0OS-CON, and multilayer polymer film capacitors can
handle the higher inrush currents without voltage
de-rating. The input voltage ripple will primarily depend
on the input capacitor’s ESR. The peak input current is
equal to the peak inductor current, so:

EQUATION 5-13:

AViy = Iypry < ESRcpy

The input capacitor must be rated for the input current
ripple. The RMS value of input capacitor current is
determined at the maximum output current. Assuming
the peak-to-peak inductor current ripple is low:

EQUATION 5-14:

Leinrms) = lourmax) X VD x (1 - D)

The power dissipated in the input capacitor is:

EQUATION 5-15:

2
Ppissceiny = Levrms) X ESRepy

5.6 Ripple Injection

The Vgg ripple required for proper operation of the
MIC28511’s gy amplifier and error comparator is
20 mV to 100 mV. However, the output voltage ripple is
generally designed as 1% to 2% of the output voltage.
If the feedback voltage ripple is so small that the gy
amplifier and error comparator can’t sense it, then the
MIC28511 will lose control and the output voltage is not
regulated. In order to have some amount of Vg ripple,
a ripple injection method is applied for low output
voltage ripple applications.

The applications are divided into three situations
according to the amount of the feedback voltage ripple:

» Enough ripple at the feedback voltage due to the
large ESR of the output capacitors (Figure 5-4).
The converter is stable without any ripple
injection.

sw L
) L.
MIC28511 R1S our
FB
R23 ESR
3
FIGURE 5-4: Enough Ripple at FB.

The feedback voltage ripple is:

EQUATION 5-16:

R2
AVespry = 7575 X ESRCyy, % Micpp)
Where:

Al ppy Peak-to-Peak Value of the Inductor
Current Ripple

» Inadequate ripple at the feedback voltage due to
the small ESR of the output capacitors.

The output voltage ripple is fed into the FB pin
through a feed-forward capacitor, Cgg in this
situation, as shown in Figure 5-5. The typical Cgg
value is selected by using Equation 5-17.
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EQUATION 5-17:

10
RIXCFFZE/-V

With the feed-forward capacitor, the feedback
voltage ripple is very close to the output voltage

ripple.

EQUATION 5-18:

AVFB(PP) ~ ESR x AIL(PP)

SW L

MIC28511 R1 Cour
- % Te..

R2 ESR

FIGURE 5-5:

 Virtually no ripple at the FB pin voltage due to the
very low ESR of the output capacitors.

Inadequate Ripple at FB.

In this situation, the output voltage ripple is less than
20 mV. Therefore, additional ripple is injected into
the FB pin from the switching node SW via a resistor
RNy @nd a capacitor Cyy, as shown in Figure 5-6.

SW

MIC28511 }_'lNJ 5£R1 T lCOUT
FB Ry —|_CFF

3R2 ESR

FIGURE 5-6:

The injected ripple is calculated via:

Invisible Ripple at FB.

EQUATION 5-19:

AVigippy = Vinx Ky, x D x (1 =D) x

Tswxt
Where:
VN Power stage input voltage
D Duty cycle
fsw Switching frequency
T (R1/IR2/IRny) X Cep

EQUATION 5-20:

R1//R2

K, = 2 NRs
4 " Ryyy+ R1/R2

In Equation 5-19 and Equation 5-20, it is assumed that
the time constant associated with Cgg must be much
greater than the switching period:

EQUATION 5-21:

If the voltage divider resistors R1 and R2 are in the kQ
range, a Cgg of 1 nF to 100 nF can easily satisfy the
large time constant requirements. Also, a 100 nF
injection capacitor C;y; is used in order to be
considered as short for a wide range of the
frequencies.

The process of sizing the ripple injection resistor and
capacitors is as follows.

» Select Cgr to feed all output ripples into the
feedback pin and make sure the large time
constant assumption is satisfied. Typical choice of
Cggis 1 nF to 100 nF if R1 and R2 are in the kQ
range.

» Select Ryyy according to the expected feedback
voltage ripple using Equation 5-22:

EQUATION 5-22:

K. = AVFB(PP)X fswxT
div Vv  Dx(1-D)

The value of Ry is calculated using Equation 5-23.

EQUATION 5-23:

1
div

Ry, = (R1//R2) x( - 1)

» Select Cjyy as 100 nF, which could be considered
as short for a wide range of the frequencies.
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