MICROCHIP

MIC2178

2.5A Synchronous Buck Regulator

Features

* Input Voltage Range: +4.5V to +16.5V
» Dual-Mode Operation for High Efficiency (up to
96%):
- PWM Mode for >200 mA Load Current
- Skip Mode for <200 mA Load Current
* 100 mQ Internal Power MOSFETs at 12V Input
* 200 kHz Preset Switching Frequency
* Low Quiescent Current
- 1.0 mAin PWM Mode
- 600 pAin Skip Mode
- <5 pAin Shutdown Mode
* Current-Mode Control
- Simplified Loop Compensation
- Superior Line Regulation
» 100% Duty Cycle for Low Dropout Operation
» Current Limit
* Thermal Shutdown
» Undervoltage Lockout

Applications

» High-Efficiency, Battery-Powered Supplies
* Buck (Step-Down) DC/DC Converters

» Palmtop Computers

* Laptop Computers

« Cellular Telephones

* Handheld Instruments

» Battery Chargers

General Description

The MIC2178 is a 200 kHz synchronous buck
(step-down) switching regulator designed for
high-efficiency, battery-powered applications.

The MIC2178 operates from a 4.5V to 16.5V input and
features internal power MOSFETSs that can supply up to
2.5A output current. It can operate with a maximum
duty cycle of 100% for use in low-dropout conditions. It
also features a shutdown mode that reduces quiescent
current to less than 5 pA.

The MIC2178 achieves high efficiency over a wide
output current range by operating in either PWM or skip
mode. The operating mode is externally selected,
typically by an intelligent system, which chooses the
appropriate mode according to operating conditions,
efficiency, and noise requirements. The switching
frequency is preset to 200kHz and can be
synchronized to an external clock signal of up to
300 kHz.

The MIC2178 uses current-mode control with internal
current sensing. Current-mode control provides
superior line regulation and makes the regulator control
loop easy to compensate. The output is protected with
pulse-by-pulse current limiting and thermal shutdown.
Undervoltage lockout turns the output off when the
input voltage is less than 4.5V.

The MIC2178 is packaged in a 20-lead wide power
SOIC package with an operating temperature range of
—40°C to +85°C.

See the MIC2177 for automatic selection of PWM or
skip mode operation.

Package Type
MIC2178
20-Lead Wide SOIC (WM)
(Top View)
N
VIN[T] 20]EN
VIN[2] [19]B1AS
sw[3] [18]SYNC
PGND [4 | [17]SGND
PGND[5 | [16]SGND
PGND 6| [15]SGND
PGND[7 ] [14] SGND
sw 8] [13]comp
vIN[Z] [12]FB
pwm[io] [11]PwRGD
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Typical Application Circuit
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MIC2178

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings t

Supply Voltage, 100 MS TranNSIENE (V) «--««eeveeerrerrieieearee ittt sttt sttt ettt e e b e e sie e bt et eenaeeser e e seeenaneeneee +18V
OULPUL SWILCH VORAGE (VGIA7) +vevveerrreamteeteiitt etttk b ettt b et eae et be e et et e teenenenees +18V
OULPUL SWILCH CUITENT (IG1A7) -+ vevrteteeeitteette ittt ettt ekttt bttt ae e et e e be e e bt s eb e e be e neb e e sbeenaeenneean 6.0A
Enable, PWM Control VOIAGE (VEN, VBUTI) ««--«««srtereeereemmeemmtameeiteeasesreesieeaseesistasseessssasteessseesseessneesneesneesseesnees +18V
SYNC VORAGE (VGYNE) «-vvrvreetrermmtaiteeatteatt et e sttt et s et et ettt et e e se bt e be e eae e ook et et e e b et et e e eae e e bt e ebe e e bt e se b e e beenaeenbeeenneenneean +6V

Operating Ratings 11
10 o]o VA (o] r= Yo [N (VTN SO UUOTRUPR TSP +4.5V to +16.5V

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.

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

ELECTRICAL CHARACTERISTICS

Electrical Characteristics: V|\ = 7.0V; Tp = +25°C, bold indicates —40°C < T < +85°C; unless noted. Devices are
ESD sensitive. Handling precautions recommended.

Parameter Sym. Min. Typ. Max. Units Conditions
PWM mode, output not switching,
- 10 | 15 MA 145V <V, < 16.5V
Input Supply Current Iss . Skip mode, output not switching,
600 | 750 WA 145V <V < 16.5V
— 1 25 MA Ven = 0V, 4.5V V)£ 16.5V
Bias Regulator Output Voltage | Vpgas 3.10 3.30 34 V VN = 16.5V
Feedback Voltage Veg | 1.22 | 1.245 | 1.27 vy |MiC2178 [adj]: Vour = 3.3V,
lLoap = 0A
3.20 3.3 3.40 \ MIC2178 [ad].]: Vout = 3.3V,
5V <Vy<16V,
3.14 — 3.46 \ 10 MA < I oap < 2A
4.85 5.0 5.15 \ MIC2178-5.0: | oap = OA
Output Voltage Vour |28 | S0 | 515 V_ |MIC2178-5.0: 6V < Vi < 16V,
475 | — 5.25 v [10mASIopp s 2A
3.20 3.3 3.40 \ MIC2178-3.3: | oap = OA
320 | 33 | 340 V. IMIC2178-3.3: 5V < V) < 16V,
314 | — | 3.46 v [10mASIopp s2A
V1 — 4.25 4.35 V Upper threshold
Undervoltage Lockout
VL 3.90 4.15 — \ Lower threshold
— 60 150 nA MIC2178 [ad].]
Feedback Bias Current IFg
— 20 40 MA MIC2178-5.0, MIC2178-3.3
Error Amplifier Gain AyvoL 5 18 30 — 0.6V = Veopmp = 0.8V
0.9 15 — Upper Limit
Error Amplifier Output Swing — V
— 0.05 0.1 Lower Limit
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ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Characteristics: V| = 7.0V; Tp = +25°C, bold indicates —40°C < T < +85°C; unless noted. Devices are
ESD sensitive. Handling precautions recommended.

Parameter Sym. Min. Typ. Max. Units Conditions
Error Amplifier Output Current — 15 25 38 MA Source and sink
Oscillator Frequency fo 160 200 240 kHz |—
Maximum Duty Cycle Dpmax 100 — — % Vgg = 1.0V
Minimum On-Time tonMINY — 300 400 ns Vgg = 1.5V
SYNC Frequency Range — 220 — 300 kHz |—
SYNC Threshold — 0.8 1.6 22 \ —
SYNC Minimum Pulse Width — 500 — — ns —
SYNC Leakage Isyne -1 0.01 1 MA Vgyne = 0V to 5.5V
3.8 4.7 5.7 A PWM mode, V| = 12V
Current Limit ILim
— 600 — mA Skip mode
Switch On-Resistance Ron — 90 250 0 High-side switch, V| = 12V
— 110 250 Low-side switch, V|y = 12V
Output Switch Leakage Isw — 1 10 pA Vgw = 16.5V
Enable Threshold — 0.8 1.6 2.2 V —
Enable Leakage lEN -1 0.01 1 HA Ven = 0V to 5.5V
PWM Threshold — 0.6 1.1 1.4 Vo=
PWM Leakage lewmi -1 0.01 1 MA Vewm = 0V to 5.5V
1.09 113 117 IF\)/iI:]C2178 [adj.]: measured at FB
PWRGD Threshold - 433 | 454 | 475 V' [MIC2178-5.0: measured at FB pin
2.87 3.00 3.13 MIC2178-3.3: measured at FB pin
PWRGD Output Low — — 0.25 0.4 \ Isink = 0.5 mA
PWRGD Off Leakage — — 0.01 1 MA Vpwrep = 5.5V
TEMPERATURE SPECIFICATIONS
Parameters | Sym. | Min. | Typ. | Max. | Units | Conditions
Temperature Ranges
CR)Zr?;tlng Junction Temperature T, _40 o +125 °C Note 1

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.
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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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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
Supply Voltage (Input): Requires bypass capacitor to PGND. All three pins must be
1,2,9 VIN
connected to V.
Switch (Output): Internal power MOSFET output switches. Both pins must be exter-
3,8 SW
nally connected together.
4,5 6,7 PGND Power Ground: Connect all pins to central ground point.
10 PWM PWM/Skip Mode Control (Input): Logic-level input. Controls regulator operating mode.
Logic low enables PWM mode. Logic high enables skip mode. Do not allow pin to float.
11 PWRGD Error Flag (Output): Open-drain output. Active-low when FB input is 10% below the ref-

erence voltage (VRgp)-
12 FB Feedback (Input): Connect to output voltage divider resistors.

Compensation: Output of internal error amplifier. Connect capacitor or series RC net-
work to compensate the regulator control loop.

14, 15, 16, 17 SGND Signal Ground: Connect all pins to ground, PGND.
Frequency Synchronization (Input): Optional. Connect an external clock signal to syn-

18 SYNC chronize the oscillator. Leading edge of signal above 1.7V terminates switching cycle.
Connect to SGND if not used.

Internal 3.3V Bias Supply: Decouple with 0.01 uF bypass capacitor to SGND. Do not
apply any external load.

13 COMP

19 BIAS

Enable (Input): Logic high enables operation. Logic low shuts down regulator. Do not

20 EN allow pin to float.

© 2020 Microchip Technology Inc. DS20006283A-page 7
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40 FUNCTIONAL DESCRIPTION

The MIC2178 is a synchronous buck regulator that
operates from an input voltage of 4.5V to 16.5V and
provides a regulated output voltage of 1.25V to 16.5V.
Its has internal power MOSFETSs that supply up to 2.5A
load current and operates with up to 100% duty cycle
to allow low-dropout operation. To optimize efficiency,
the MIC2178 operates in PWM and skip mode. Skip
mode provides the best efficiency when load current is
less than 200 mA, while PWM mode is more efficient at
higher current. PWM or skip mode operation is
selected externally, allowing an intelligent system (i.e.
microprocessor controlled) to select the correct
operating mode for efficiency and noise requirements.

During PWM operation, the MIC2178 uses
current-mode control which provides superior line
regulation and makes the control loop easier to
compensate. The PWM switching frequency is set
internally to 200 kHz and can be synchronized to an
external clock frequency up to 300 kHz. Other features
include a low-current shutdown mode, current limit,
undervoltage lockout, and thermal shutdown. See the
following sections for more detail.

4.1 Switch Output

The switch output (SW) is a half H-bridge consisting of
a high-side P-channel and low-side N-channel power
MOSFET. These MOSFETs have a typical
on-resistance of 100 mQ when the MIC2178 operates
from a 12V supply. Anti-shoot-through circuitry
prevents the P-channel and N-channel from turning on
at the same time.

4.2 Current Limit

The MIC2178 uses pulse-by-pulse current limiting to
protect the output. During each switching period, a
current limit comparator detects if the P-channel
current exceeds 4.7A. When it does, the P-channel is
turned off until the next switching period begins.

4.3 Undervoltage Lockout

Undervoltage lockout (UVLO) turns off the output when
the input voltage (V) is too low to provide sufficient
gate drive for the output MOSFETs. It prevents the
output from turning on until V|y exceeds 4.3V. Once
operating, the output will not shut off until V,y drops
below 4.2V.

4.4 Thermal Shutdown

Thermal shutdown turns off the output when the
MIC2178 junction temperature exceeds the maximum
value for safe operation. After thermal shutdown
occurs, the output will not turn on until the junction
temperature drops approximately 10°C.

4.5 Shutdown Mode

The MIC2178 has a low-current shutdown mode that is
controlled by the enable input (EN). When a logic 0 is
applied to EN, the MIC2178 is in shutdown mode, and
its quiescent current drops to less than 5 pA.

4.6 Internal Bias Regulator

An internal 3.3V regulator provides power to the
MIC2178 control circuits. This internal supply is
brought out to the BIAS pin for bypassing by an
external 0.01 pyF capacitor. Do not connect an external
load to the BIAS pin. It is not designed to provide an
external supply voltage.

4.7 Frequency Synchronization

The MIC2178 operates at a preset switching frequency
of 200 kHz. It can be synchronized to a higher
frequency by connecting an external clock to the SYNC
pin. The SYNC pin is a logic level input that
synchronizes the oscillator to the rising edge of an
external clock signal. It has a frequency range of
220 kHz to 300 kHz, and can operate with a minimum
pulse width of 500 ns. If synchronization is not
required, connect SYNC to ground.

4.8 Power Good Flag

The power good flag (PWRGD) is an error flag that
alerts a system when the output is not in regulation.
When the output voltage is 10% below its nominal
value, PWRGD is logic low, signaling that Vo is too
low. PWRGD is an open-drain output that can sink
1 mA from a pull-up resistor connected to V.

4.9 Low-Dropout Operation

Output regulation is maintained in PWM or skip mode
even when the difference between V|y and Vgyr
decreases below 1V. As V|y — Vout decreases, the
duty cycle increases until it reaches 100%. At this point,
the P-channel is kept on for several cycles at a time,
and the output stays in regulation until V| — Vgur falls
below the dropout voltage (dropout voltage =
P-channel on-resistance x load current).

410 PWM-Mode Operation

Refer to the PWM Mode Functional Diagram which is a
simplified block diagram of the MIC2178 operating in
PWM mode and its associated waveforms.

When operating in PWM mode, the output P-channel
and N-channel MOSFETs are alternately switched on
at a constant frequency and variable duty cycle. A
switching period begins when the oscillator generates
a reset pulse. This pulse resets the RS latch which
turns on the P-channel and turns off the N-channel.
During this time, inductor current (I 1) increases and

DS20006283A-page 8
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energy is stored in the inductor. The current sense
amplifier (Isensg Amp) measures the P-channel
drain-to-source voltage and outputs a voltage
proportional to I 1. The output of Igense Amp is added
to a sawtooth waveform (corrective ramp) generated by
the oscillator, creating a composite waveform labeled
Isense on the timing diagram. When Iggnsg is greater
than the error amplifier output, the PWM comparator
will set the RS latch which turns off the P-channel and
turns on the N-channel. Energy is then discharged from
the inductor and I 4 decreases until the next switching
cycle begins. By varying the P-channel on-time (duty
cycle), the average inductor current is adjusted to
whatever value is required to regulate the output
voltage.

The MIC2178 uses current-mode control to adjust the
duty cycle and regulate the output voltage.
Current-mode control has two signal loops that
determine the duty cycle. One is an outer loop that
senses the output voltage, and the other is a faster
inner loop that senses the inductor current. Signals
from these two loops control the duty cycle in the
following way: Voyr is fed back to the error amplifier
which compares the feedback voltage (Vgg) to an
internal reference voltage (Vrgg). When Vgt is lower
than its nominal value, the error amplifier output
voltage increases. This voltage then intersects the
current sense waveform later in switching period which
increases the duty cycle and the average inductor
current. If Voyr is higher than nominal, the error
amplifier output voltage decreases, reducing the duty
cycle.

The PWM control loop is stabilized in two ways. First,
the inner signal loop is compensated by adding a
corrective ramp to the output of the current sense
amplifier. This allows the regulator to remain stable
when operating at greater than 50% duty cycle.
Second, a series resistor-capacitor load is connected
to the error amplifier output (COMP pin). This places a
pole-zero pair in the regulator control loop.

One more important item is synchronous rectification.
As mentioned earlier, the N-channel output MOSFET is
turned on after the P-channel turns off. When the
N-channel turns on, its on-resistance is low enough to
create a short across the output diode. As a result,
inductor current flows through the N-channel and the
voltage drop across it is significantly lower than a diode
forward voltage. This reduces power dissipation and
improves efficiency to greater than 95% under certain
operating conditions.

To prevent shoot-through current, the output stage
employs break-before-make circuitry that provides
approximately 50 ns of delay from the time one
MOSFET turns off and the other turns on. As a result,
inductor current briefly flows through the output diode
during this transition.

411 Skip Mode Operation

Refer to the Skip Mode Functional Diagram which is a
simplified block diagram of the MIC2178 operating in
skip mode and its associated waveforms.

Skip mode operation turns on the output P-channel at
a frequency and duty cycle that is a function of V),
Vout, and the output inductor value. While in skip
mode, the N-channel is kept off to optimize efficiency
by reducing gate charge dissipation. Vo is regulated
by skipping switching cycles that turn on the P-channel.

To begin analyzing MIC2178 skip mode operation,
assume the skip mode comparator output is high and
the latch output has been reset to a logic 1. This turns
on the P-channel and causes I 41 to increase linearly
until it reaches a current limit of 600 mA. When |4
reaches this value, the current limit comparator sets the
RS latch output to logic 0, turning off the P-channel.
The output switch voltage (Vgy) then swings from V |y
to 0.4V below ground, and I ¢ flows through the
Schottky diode. L1 discharges its energy to the output
and |, 1 decreases to zero. When I 4 = 0, Vg swings
from —0.4V to Voyr, and this triggers a one-shot that
resets the RS latch. Resetting the RS latch turns on the
P-channel, and this begins another switching cycle.

The skip-mode comparator regulates Vgoyr by
controling when the MIC2178 skips cycles. It
compares Vg to Vggr and has 10 mV of hysteresis to
prevent oscillations in the control loop. When Vgg is
less than VRgg — 5 mV, the comparator output is logic
1, allowing the P-channel to turn on. Conversely, when
Vgg is greater than Vregg + 5 mV, the P-channel is
turned off.

Note that this is a self-oscillating topology that explains
why the switching frequency and duty cycle are a
function of V|y, VouT, and the value of L1. It has the
unique feature (for a pulse-skipping regulator) of
supplying the same value of maximum load current for
any value of V|, Vour, or L1. This allows the MIC2178
to always supply up to 300 mA of load current when
operating in skip mode.

412 Selecting PWM- or Skip-Mode
Operation

PWM or skip mode operation is selected by an external
logic signal applied to the PWM pin. A logic low places
the MIC2178 into PWM mode, and logic high places it
into skip mode. Skip mode operation provides the best
efficiency when load current is less than 200 mA, and
PWM operation is more efficient at higher currents.

The MIC2178 was designed to be used in intelligent
systems that determine when it should operate in PWM
or skip mode. This makes the MIC2178 ideal for
applications where a regulator must guarantee low
noise operation when supplying light load currents,
such as cellular telephone, audio, and multimedia
circuits.

© 2020 Microchip Technology Inc.
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There are two important items to be aware of when
selecting PWM or skip mode. First, the MIC2178 can
start-up only in PWM mode, and therefore requires a
logic low at PWM during start-up. Second, in skip
mode, the MIC2178 will supply a maximum load

PWM Mode Functional Diagram

current of approximately 300 mA, so the output will
drop out of regulation when load current exceeds this
limit. To prevent this from occurring, the MIC2178
should change from skip to PWM mode when load
current exceeds 200 mA.
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Skip Mode Functional Diagram
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5.0 APPLICATION INFORMATION

51 Feedback Resistor Selection
(Adjustable Version)

The output voltage is programmed by connecting an
external resistive divider to the FB pin as shown in the
Functional Block Diagram. The ratio of R1 to R2
determines the output voltage. To optimize efficiency
during low output current operation, R2 should not be
less than 20 kQ. However, to prevent feedback error
due to input bias current at the FB pin, R2 should not
be greater than 100 kQ. After selecting R2, calculate
R1 with the following formula:

EQUATION 5-1:

14
Rl = sz(( 0”)—1)
1.245V

5.2 Input Capacitor Selection

The input capacitor is selected for its RMS current and
voltage rating and should be a low ESR (equivalent
series resistance) electrolytic or tantalum capacitor. As
a rule of thumb, the voltage rating for a tantalum
capacitor should be twice the value of V|y, and the
voltage rating for an electrolytic should be 40% higher
than V|y. The RMS current rating must be equal or
greater than the maximum RMS input ripple current. A
simple, worst case formula for calculating this RMS
current is:

EQUATION 5-2:
1 )
Ippsaxy = LOAL;(MAX

Tantalum capacitors are a better choice for applications
that require the most compact layout or operation
below 0°C. The input capacitor must be located very
close to the VIN pin (within 0.2 in, 5 mm). Also, place a
0.1 yF ceramic bypass capacitor as close as possible
to VIN.

5.3 Inductor Selection

The MIC2178 is a current-mode controller with internal
slope compensation. As a result, the inductor must be
at least a minimum value to prevent subharmonic
oscillations. This minimum value is calculated by the
following formula:

EQUATION 5-3:

Lygn = Voyr x3-0uH/V

In general, a value at least 20% greater than Ly
should be selected because inductor values have a
tolerance of +20%.

Two other parameters to consider in selecting an
inductor are winding resistance and peak current
rating. The inductor must have a peak current rating
equal or greater than the peak inductor current.
Otherwise, the inductor may saturate, causing
excessive current in the output switch. Also, the
inductor’s core loss may increase significantly. Both of
these effects will degrade efficiency. The formula for
peak inductor current is:

EQUATION 5-4:

Al
_ L(MAX
I (pEAK) = ]LOAD(MAX)+(T)

Where:

Vour Sus
Al vaxy = Vour (1 7N X %
IN(MAX)

To maximize efficiency, the inductor’s resistance must
be less than the output switch on-resistance
(preferably, 50 mQ or less).

54 Output Capacitor Selection

Select an output capacitor that has a low value of ESR.
This parameter determines a regulator’s output ripple
voltage (VrippLg) Which is generated by Al x ESR.
Therefore, ESR must be equal or less than a maximum
value calculated for a specified Vg pp_g (typically less
than 1% of the output voltage) and Al axy:

EQUATION 5-5:

4
_ " RIPPLE
ESRyux = g7t
L(MAX)

Typically, capacitors in the range of 100 yF to 220 pF
have ESR less than this maximum value. The output
capacitor can be a low ESR electrolytic or tantalum
capacitor, but tantalum is a better choice for compact
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layout and operation at temperatures below 0°C. The
voltage rating of a tantalum capacitor must be
2 x VouT, and the voltage rating of an electrolytic must
be 1.4 x VOUT'

5.5

In PWM operation, inductor current flows through the
output diode approximately 50 ns during the dead time
when one output MOSFET turns off the other turns on.
In skip mode, the inductor current flows through the
diode during the entire P-channel off time. The correct
diode for both of these conditions is a 1A diode with a
reverse voltage rating greater than V. It must be a
Schottky or ultrafast-recovery diode (tg <100 ns) to
minimize power dissipation from the diode’s
reverse-recovery charge.

Output Diode Selection

5.6

Compensation is provided by connecting a series RC
load to the COMP pin. This creates a pole-zero pair in
the regulator control loop, allowing the regulator to
remain stable with enough low frequency loop-gain for
good load and line regulation. At higher frequencies,
the pole-zero reduces loop-gain to a level referred to as
the mid-band gain. The midband gain is low enough so
that the loop gain crosses 0 dB with sufficient phase
margin. Typical values for the RC load are 4.7 nF to
10 nF for the capacitor and 5kQ to 20 kQ for the
resistor.

Compensation

5.7

A well designed PC board will prevent switching noise
and ground bounce from interfering with the operation
of the MIC2178. A good design takes into consideration
component placement and routing of power traces.

Printed Circuit Board Layout

The first thing to consider is the locations of the input
capacitor, inductor, output diode, and output capacitor.
The input capacitor must be placed very close to the
VIN pin, the inductor and output diode very close to the
SW pin, and the output capacitor near the inductor.
These components pass large high-frequency current
pulses, so they must use short, wide power traces. In
addition, their ground pins and PGND are connected to
a ground plane that is nearest the power supply ground
bus.

The feedback resistors, RC compensation network,
and BIAS pin bypass capacitor should be located close
to their respective pins. To prevent ground bounce,
their ground traces and SGND should not be in the path
of switching currents returning to the power supply
ground bus. SGND and PGND should be tied together
by a ground plane that extends under the MIC2178.

Vin
45V 10 16.5V
O—e o
o s
22uF
35V \
ol w L
VIN
20
EN sw
1 PWRGD
: MIC2178 PGND
Skip Mode 10
PWM Mode — T PWM
18 FB
SYNC Ul Microchip MIC2178-3.3YWM
COMP  SGND  BIAS C1 AVX TPSE226M035R0300, ESR = 0.3Q
13 17 19 2 AVX TPSD107M010R0100, ESR = 0.1Q
R2 C3 Z5UorX7R Ceramic Dielectric Material
10kQ L C4 X7RorNPO Ceramic Dielectric Material
CG—= 3R DI Motorola MBRS130LT3
c4 0.01uF 7 10kQ |1 Coiltronics CTX50-4P, DCR = 0.097Q)
680F 7T L1 Coilcraft ~ DO3316P-473, DCR =0.12Q)
* * L1 Bi HM77-11003, DCR = 0.073Q
FIGURE 5-1: MIC2178 4.5V - 16.5V to 3.3V/1A Regulator.
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Vin
5.4Vt0 16.5V
O e .
1 +
22uF
35V |
| Wl 129
VIN L1
20 50uH
EN sw Vour
1 D1 5V/1A
PWRGD MBRS130L 2
Skip Mode 0 MIC2178 PGND 100uF
PWM Mode —I TF—|PWM 1ov
18 FB
SYNC U1 Microchip MIC2178-5.0YWM
COMP__ SGND___ BIAS C1 AVX TPSE226M035R0300, ESR = 0.3Q
13 14-17 19 C2 AVX TPSD107MO010R0100, ESR=0.1Q
R2 C3  Z5UorX7R Ceramic Dielectric Material
10kQ L C4 X7RorNPO Ceramic Dielectric Material
—a SR3 D1 Motorola MBRS130LT3
C4 0.0TpF  {10kQ L1 Coiltronics CTX50-4P, DCR = 0.097Q
680F 7T L1 Coilcraft  DO3316P-473, DCR=0.12Q
* * L1 Bi HM77-11003, DCR = 0.073Q
FIGURE 5-2: MIC2178 5.4V - 16.5V to 5V/1A Regulator.
V\N
12.5Vto 16.5V
O—e °
o I
22uF
35V |
el v e
VIN
20 EN sw Vour
11 12V/1A
PWRGD lr2 +Q2
. MIC2178 PGND $ 174k  —— 68pF
Py Mode I~ o—Pwm 1% 20V
18f SYNC FB
COMP SGND BIAS U1 Microchip MIC2178YWM
C1 AVX TPSE226M035R0300, ESR = 0.3Q
R s w7 1 LrR1 €2 AWX TPSE686M020R0150, ESR = 0.150Q
10kQ $20kQ C3  Z5UorX7R  Ceramic Dielectric Material
—=a SR3 1% C4 X7RorNPO Ceramic Dielectric Material
c4 0.01uF 2 70k0 D1 Motorola  MBRS130LT3
6.8nF T L1  Coiltronics CTX68-4P, DCR = 0.238Q
. . L1 Coilcraft ~ DO3316P-683, DCR = 0.0160)
L1 Bi HM77-11003, DCR = 0.233Q
FIGURE 5-3: MIC2178 12.5V - 16.5V to 12V/1A Regulator.
VIN
10V to 16.5V
O—e °
1
2pF 1*
35V
X2 s
VIN
20
EN sw
" PWRGD
) MIC2178 PGND
Skip Mode i vvrvs
PWM Mode — O PWM
18] SsyNC FB
U1 Microchip MIC2178-3.3YWM
COMP_ SGND _ BIAS a1 AVX TPSE226MO035R0300, ESR = 0.3Q
13 14-17 19 2 AVX TPSE227M010R0100, ESR =0.10
R2 C3  Z5UorX7R Ceramic Dielectric Material
10kQ 13 $p3 G4 X7RorNPO  Ceramic Dielectric Material
ca 001WF $7okq D1 Motorola  MBRS130LT3
6.8NF T L1 Bi HM77-18004, DCR = 0.075Q
FIGURE 5-4: MIC2178 10V - 16.5V to 3.3V/2.5A Regulator.
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VIN
45Vto 10V
e o
o L
22uF
35v L
ol w |
VIN
20
EN sw
2 pwRGD
) MIC2178 PGND
Skip Mode 10 | 5
PWM Mode — B PWM
18} SYNC FB
U1 Microchip MIC2178-3.3YWM
COMP_ SGND _ BIAS C1 AVX TPSE226M035R0300, ESR = 0.3Q
13 1417 19 2 AVX TPSD107MO10R0100, ESR = 0.1Q
R2 C3 Z5UorX7R Ceramic Dielectric Material
10kQ 43 2R3 C4 X7RorNPO  Ceramic Dielectric Material
ca 0010 270k D1 Motorola MBRS130LT3
6.8nF L1  Coiltronics CTX33-3P, DCR=0.077Q
- T L1 Coilcraft ~ D0O3316-333, DCR = 0.088Q
d hd L1 Bi HM?77-60002, DCR = 0.035Q
FIGURE 5-5: MIC2178 4.5V - 10V to 3.3V/1A Regulator.
VIN
o o o
4.5V t0 16.5V
+
ol v |
VIN 5$1H
2EN swW 38 S Vour
" D1 33V/1A
PWRGD!\/nczws PGND MBRS130L +1C§OpF
Skip Mode 10 | 5
PWM Mode — B——PWM 1ov
18 FB
SYNC U1 Microchip MIC2178-3.3BWM
COMP SGND  BIAS 1 AVX TPSE226M035R0300, ESR = 0.3Q
3 17 ) C2 AVX TPSD107M010R0100, ESR = 0.10
R2 C3 Z5UorX7R Ceramic Dielectric Material
10kQ 1 3 C4 X7RorNPO Ceramic Dielectric Material
001uF 393 D1 Motorola MBRS130LT3
C4 — ’ §001uF Q1 Siliconix  Si9435DY PMOS
68nF T L1 Coiltronics CTX50-4P, DCR = 0.097Q
- - L1 Coilcraft  DO3316-473, DCR=0.12Q
L1 Bi HM?77-11003, DCR = 0.073Q
FIGURE 5-6: MIC2178 Reversed Battery Protected Regulator.
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VIN
8Vt0 16.5V

=,
a4+
22uF

35V L
E:gsm U1 129

L1 Coiltronics CTX50-4P, DCR = 0.097Q)

T
VIN 50pH
20 —_—
EN sw 2 A R 0 +Vour AHlour
i D1 ( ! 5V/0.5A
PWRGDMlczws pGND [—¢ MBRSTIOL |
Skip Mode 10 | 5
PWM Mode —I B PWM . | + Q2
BIsyNC FB | 10vl‘l
COMP SGND  BIAS |
13 14-17 19 c4 |
R2 100pF =—
10kQ 10v |
—L¢s SR3 4
c6 001pF  $10kQ 9
6.8nF ) +Q2
" T 1
hd - 3 D2 T1OV
N4 r'N r'N D_V ouT /'IOUT
-5V/0.5A
UT Microchip MIC2178-5.0YWM MBRS130L
C1 AVX TPSE226M035R0300, ESR = 0.3Q
2 AVX TPSD107M010R0100, ESR=0.1Q +Hour + Hloyr) £ 1A
3 AVX TPSD107M010R0100, ESR = 0.1Q v
C4 AVX TPSD107M010R0100, ESR = 0.1Q DC = 4 —QUL
C5 Z5UorX7R Ceramic Dielectric Material ViN
C6 X7RorNPO Ceramic Dielectric Material o
D1 Motorola MBRS130LT3 DC < 40%then -lgyr < +lgyr
2 M la  MBRS130LT:
D e o b DC > 40%then —loyr > +loyr x (1-DO)

FIGURE 5-7:

MIC2178 8V - 16.5V to £5V/500 mA Regulator.
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6.0 PACKAGING INFORMATION

6.1 Package Marking Information

20-Lead SOIC* Example

M xxx Mvic
XXXX-X XXXX 2178-3.3YWM
WNNN 7224

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
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 Pin one 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 (_) and/or Overbar (7) symbol may not be to scale.

© 2020 Microchip Technology Inc. DS20006283A-page 17
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20-Lead Wide Power SOIC Package Outline and Recommended Land Pattern

TITLE
20 LEAD SOICW PACKAGE OUTLINE & RECOMMENDED LAND PATTERN

DRAWING # | SOICW-20LD-PL-1 UNIT | INCH [MM]

— HAARAARAAH HAHHHHHAHHA

PIN ID MARK

0.406 *2838 >/_[°'63’° 89 mn 0.296 0983 .
[10.31 2233 PIN 17.52 233
1D MARK

EEREEEEEY:

0.505 *2905

0007 |

(128313151

HHHHS

J Lo.ms 9852

0.07
[0.41 13921

HHHH 8

1L

0.003 340,

T0P VIEW
NOTE 1 1, 2
0‘—8‘%’ gt
0,032 3908
ro.81 3541
0013 *0997 x45° DETAIL A
] -0.003 Le1All A
0.092 +§33%% 033 ¥
"y i
(234 5551 SEE
DETAIL “A*
i —j/ \ JL “_i 0.010 *33%53

10253321

0 050 [1 271

BOTTOM VIEW

NOTE 1 1, 2

]
JUUOUUOUN -

+

[9.32 TYP]

w022 |, 0296 5063
f008 =851 = (7521997 3 (22 —1
EO 7 n 27 TYP)
END VIEW
NOTE 1 1, 2, 3

NOTES: RECOMMENDED LAND PATTERN

1. DIMENSIONS ARE IN INCHESCMMI,
2. CONTROLLING DIMENSION: INCHES.
DIMENSION DOES NOT INCLUDE MOLD FLASH OR

PROTRUSIONS, EITHER OF WHICH SHALL NOT
EXCEED 0.006[0.15]1 PER SIDE.

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 (January 2020)

* Converted Micrel document MIC2178 to Micro-
chip data sheet template DS20006283A.

* Minor grammatical text changes throughout.

» Multiple values unbolded in the Electrical Charac-
teristics section.
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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.

Device X.X X XX -XX
Part No. Output Junction Package Media Type
Voltage Temp. Range
Device: MIC2178: 2.5A Synchronous Buck Regulator
<blank> = Adjustable
Output Voltage: 3.3 =3.3V
5.0 =5.0V
Junction
Temperature Y = —40°C to +85°C, RoHS-Compliant
Range:
Package: WM = 20-Lead Wide SOIC
. . <blank>= 38/Tube
Media Type: TR =  1,000/Reel

Examples:

a) MIC2178YWM: MIC2178, Adjustable Output
Voltage, —40°C to +85°C
Temperature Range,

20-Lead Wide SOIC, 38/Tube

MIC2178, Adjustable Output
Voltage, —40°C to +85°C
Temperature Range,
20-Lead Wide SOIC,
1,000/Reel

MIC2178, 3.3V Output Voltage,
—40°C to +85°C Temperature
Range, 20-Lead Wide SOIC,
38/Tube

d) MIC2178-3.3YWM-TR:MIC2178, 3.3V Output Voltage,
—40°C to +85°C Temperature
Range, 20-Lead Wide SOIC,
1,000/Reel

MIC2178, 5.0V Output Voltage,
—40°C to +85°C Temperature
Range, 20-Lead Wide SOIC,
38/Tube

f) MIC2178-5.0YWM-TR: MIC2178, 5.0V Output Voltage,
—40°C to +85°C Temperature
Range, 20-Lead Wide SOIC,
1,000/Reel

b) MIC2178YWM-TR:

¢) MIC2178-3.3YWM:

e) MIC2178-5.0YWM:

Note 1:  Tape and Reel identifier only appears in the
catalog part number description. This identifier is
used for ordering purposes and is not printed on
the device package. Check with your Microchip
Sales Office for package availability with the

Tape and Reel option.

© 2020 Microchip Technology Inc.
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Note the following details of the code protection feature on Microchip devices:

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

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications 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.

For information regarding Microchip’s Quality Management Systems,
please visit www.microchip.com/quality.

Trademarks

The Microchip name and logo, the Microchip logo, Adaptec,
AnyRate, AVR, AVR logo, AVR Freaks, BesTime, BitCloud, chipKIT,
chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex,
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Tel: 46-8-5090-4654
UK - Wokingham

Tel: 44-118-921-5800
Fax: 44-118-921-5820
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