16V, 35A Switching Buck Regulator Module @
Q\ MICROCHIP

Description

The MIC45M235 is a 16V rated, 35A Power Module that combines a PWM controller, a MOSFET driver with
power MOSFETSs, an inductor, and passives into a compact Land Grid Array (LGA) package. This power solution
requires few external components while maintaining the ability to adjust key parameters to meet specific
design requirements. It provides a highly efficient solution optimized for 12V input applications and low-voltage
outputs. It has built-in protection features including pre-biased start-up, soft-start protection, overvoltage
protection, thermally compensated overcurrent protection with hiccup mode, and thermal shutdown with
auto-recovery.

Features

+ POL Module With Integrated Inductor
* 35A Continuous Output Rating
+ High Efficiency
+ Differential Remote Voltage Sensing
+ 4.5V to 16V Input Voltage Range
+ Adjustable Output From 0.6V to 3.46V
- Recommended range: 0.6V to 1.8V
+ Enable Input
* Programmable Valley Current Mode or Voltage Mode Control

+ Adjustable Switching Frequency: 200 kHz to 2 MHz
- Recommended range: 300 kHz to 700 kHz

+ Power Good Output

+ Overvoltage and Overcurrent Protection

« Thermal Shutdown With Hysteresis

* Programmable Soft Start

+ Supports Start-up Into Pre-biased Output

+ -40°C to 85°C Ambient Temperature Range
¢ 11 x17 x6.46 mm LGA Package

Applications

+ Telecommunications and Networking
* Data Centers

+ Storage

+ Industrial

+ Distributed Point of Load

+ Computing Peripherals


https://microchip.com

Typical Application Circuits

Figure 1. Voltage Mode Control Typical Configuration
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Block Diagram
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1. Pin Configuration
PinNumber _____[Name _|PinDescripton |

1 OvpP Output Overvoltage Protection pin. Connect a resistor divider from VOUT to AGND to
set the OVP threshold. The internal reference for the OVP comparator is 0.6V.

2 FREQ Frequency Programming Input pin. Connect a resistor from the FREQ pin to AGND to
set the switching frequency.
3 PGOOD Open-Drain Power Good Output pin. PGOOD is pulled to ground when the output

voltage is below 90% of the target voltage. Pull-up to VCC through a resistor to set
logic high level when the output voltage is above 92% of the target voltage.

4 SS Soft Start Adjustment pin. Connect a resistor from the SS pin to AGND to adjust the
soft start time.

5 vCC 5V LDO Output pin. Bias supply for the PWM controller and also PVCC internally for
Powerstage gate drive. Connect a minimum 0.1 pF low-ESR ceramic capacitor from
VCC to AGND.

6-11, ePAD5 VIN Power Input Pins. Apply the input voltage between these pins and GND pins. Place
input decoupling capacitance directly between the VIN and PGND pins.

12-28, ePAD3, ePAD6 PGND Power Ground pin. PGND is the return path for the low-side MOSFET current and for

the low-side MOSFET driver. Connect all the PGND pins together and connect to the
power ground plane.

29, ePAD7, ePADS NC NC pins; leave floating.

30 RS+ Remote Output Voltage Sense pin. The non-inverting input to the remote sense
amplifier. Internal filter consists of series 10Q and 10 pF connected from RS+ to RS-.

31 RS- Remote Output Ground Sense pin. The inverting input to the remote sense amplifier.
Internal filter consists of series 10Q and 10 pF connected from RS- to RS+.

32 VDIFF Output of differential amplifier. Connect a resistor divider from VDIFF to AGND,

connecting midpoint to FB, to set the output voltage. It is recommended to add 100 pF
filtering cap from VDIFF to AGND.

33 FB Output Voltage Feedback pin. Connect midpoint of resistor divider from VDIFF to
AGND to the FB pin.

34 COMP Transconductance Amplifier Output. Connect compensation components to this pin to
adjust Module frequency response and stability.

35 SLOPE Slope Compensation pin. Adjust slope compensation with a resistor tied to VIN.

36 EN Active-High Enable Input pin. CMOS compatible logic signal to enable/disable the
Module. Logic high enables the Module.

37 SEL Control Mode Selection pin. Connect this pin to AGND for valley current-mode
operation. Leave this pin open for voltage-mode control operation.

38-44, ePAD2 VOUT Power Output Pins. Apply output load between these pins and PGND pins. Place
output decoupling capacitance directly between these pins and PGND pins.

ePAD1, ePAD4 AGND Analog Ground pin. Reference node for all control logic circuits inside the MIC45M235.

Connect AGND to PGND at one point.
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1.1. Package Type

Figure 1-1. 5JW LGA Package, Bottom View
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2. Functional Description

2.1. Overview

The MIC45M235 is a high-efficiency, single output DC/DC Buck Converter Module. It can provide up
to 35A continuous output current with few external components. The Module provides precisely
regulated output voltages adjustable from 0.6V to 3.3V over a 4.5V to 16V input voltage range.

The Module integrates a MIC2111B PWM controller, a power stage, an inductor, protection circuitry,
a 5V regulator for bias, and other supporting discrete components. The MIC45M235 can support
switching frequencies from 200 kHz to 2 MHz but is optimized to run in a range from 300 kHz to
700 kHz, depending on the output voltage.

The MIC45M235 is a single-phase step-down Module that can be operated in two different constant
frequency control architectures - valley current mode or voltage mode control.

The Module implements overcurrent protection by sensing current via inductor DCR-sensing. This
sensed current is scaled and temperature compensated and fed back to the PWM controller to
implement hiccup mode current limit.

The MIC45M235 has a dedicated pin for Overvoltage Protection (OVP), typically protecting against an
open or shorted feedback loop.

The Module has thermal shutdown when the junction temperature of the power stage hits 150°C,
and it is released when the temperature falls below 130°C.

Startup and shutdown of the MIC45M235 are managed by the EN and SS pins. Pulling the EN pin
below 1.2V forces the Module into a shutdown state. The SS pin is used to program the soft-start
time of the output voltage ramp during start-up.

High efficiency at light loads is enhanced with the built-in pulse-skipping mode, also referred to as
Discontinuous Conduction Mode (DCM).

2.2. Operation

The MIC45M235 is a highly integrated single-phase step-down DC-DC converter. It is easy to operate
and integrate into various systems.

2.2.1. Step Down Ratios and Minimum tgy, Minimum tog

There are restrictions in the input voltage (V|\) to output voltage (Voyr) step-down ratio that can be
achieved for a given V|, Vour and switching frequency (fsyw). The minimum on-time, tongviny, limits
the shortest time duration that the Module is capable of turning on the top MOSFET. The absolute
minimum Vgyr is 0.6V based on the internal bandgap reference of the PWM controller. At very

low duty cycles and higher fsy, the tongviny Of 40 ns (typical) can impact the minimum achievable
Vour- The equation accounts for minimum Voyr including the minimum toy and it is detailed below.
Equation 2-1 accounts for inefficiencies in the circuit due to MOSFET conduction losses, but ignores
inductor DCR and PCB losses.

Equation 2-1.
Vouriny = tonminy * fsw* Vin—Vuyrer+ VLFET) — VireT

Where:

*  Vyrer: voltage drop across Upper MOSFET
* Vi rer: Voltage drop across Lower MOSFET

Figure 2-1 plots Voyrminy as a function of fsy for various input voltages based on Equation 2-1.
Within the recommended fsy, range of 300-700 kHz there should be no impact on minimum VOUT
due to tON(l\/IIN)-
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Figure 2-1. Voyr(min) Versus Switching Frequency and Input Voltage
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Conversely, the minimum OFF-time of 100 ns is required for higher duty cycles and theoretically
could impact the maximum achievable Vqy1. However, the MIC45M235 maximum Vgyr is 3.46V and
the tOFF(MIN) does not restrict VOUT(I\/IAX)-

2.2.2. Switching Frequency

The MIC2111B has an internal oscillator and the frequency can be set through an external resistor
connected from the FREQ pin to AGND. The switching frequency can be programmed from 200 kHz
to 2 MHz using Equation 2-2:

Equation 2-2.
5

10
R ==
FREQ ™ Fow

The following table is also a useful quick reference, with the recommended fsyy, range highlighted in
red.

Table 2-1. Programming the Switching Frequency

Desired foy (KH2)| Rereq (kQ)

200 500
300 333.3
400 250
500 200
600 166.7
700 142.9
1000 100
2000 50

Please note that standard resistor values may not exactly match the Rggreq values in the table above.
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2.2.3. VOUT Setl.‘ing

Equation 2-3 and Figure 2-2 describe the relationship between the resistor divider ratio and the
output voltage of the MIC45M235. The divider resistors should be in the tens of kQ range.

Equation 2-3.

Rrop )
V =0.6V- (1 + —
our Rporrom

Figure 2-2. Resistor Divider Programming of Output Voltage
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2.2.4. Recommended Operational Ranges
The MIC45M235 has been designed to optimally run in the following set of operating conditions:

* V|yrange: 10-14V

* Vpyr range: 0.6-1.8V

+ fsw range: 300-700 kHz
* oyt range: 0-35A

Other operating conditions may be supported; the user should take careful consideration when
doing so.

2.2.5. Internal LDO

The MIC45M235 integrates an MIC5219 low-dropout (LDO) regulator for internal 5V bias, enabling
single-input supply operation. The 5V bias is used for both powerstage gate drive (PVCC, internal
only) and PWM controller and powerstage bias supply (VCC, internal and brought out to an external
pin). The Modules incorporates internal decoupling of both VCC and PVCC. External decoupling of
the VCC pin is also recommended.

2.2.6. Startup
The precision EN pin is used to enable or disable the MIC45M235. The typical threshold is 1.2V.
When the voltage at EN rises above the threshold, the Module is enabled and starts normal
operation after initialization of the internal oscillator, references, current-limit settings, and the soft
start period. The MIC45M235 has initialization delay of 250 ys before the PWM output starts.

When the voltage at EN drops 50 mV or more (hysteresis) below the threshold voltage, then the
internal controller circuits of the PWM controller are turned off. It is possible to use the EN pin for
sequencing multiple power supplies along with Power Good (PG) pin. An external RC delay may be
added to achieve sequencing.

The MIC45M235 has an internal resistor divider on the EN pin, as shown in the Block Diagram. This
provides a nominal Under-Voltage Lockout (UVLO) level of VCC = 4.1V with ~15 mV of hysteresis.

The Module incorporates digital Soft Start (SS) to avoid high inrush current. Soft start time can be
programmed with an external resistor connected from the SS pin to GND. The table below illustrates
resistor values and soft start time.
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Table 2-2. Soft Start Programming

sottart (19 sottart (49
64

6.19 kQ 105 kQ 3072
19.1 kQ 128 118 kQ 4096
30.9kQ 256 130 kQ 6144
44.2 kQ 512 143 kQ 8192
56.2 kQ 768 154 kQ 16384
68.1 kQ 1024 169 kQ 24576
80.6 kQ 1536 182 kQ 32768
93.1 kQ 2048 Open 2048

2.2.7. Power Good

The Power Good (PGOOD) pin is an open-drain output. An external pull-up resistor is required
between PGOOD and an external voltage (typically VCC is used). When the feedback voltage, Vg,
rises above the PGOOD threshold (92% typical of Vrer; Vrer = 0.6V), the PGOOD output is pulled high
after a delay of ~200 ps.

2.2.8. Control Modes and Compensation

The control architecture is pin-programmable using the SEL pin. It can be either voltage mode
control or valley current mode control.

2.2.8.1. Voltage Mode Control

The MIC45M235 can be configured in Voltage Mode (VM) control by leaving the SEL pin floating. As
detailed in Figure 2-3, an internal transconductance amplifier produces an integrated error voltage
at COMP that helps to provide high DC accuracy. The voltage at COMP sets the duty cycle using

a PWM comparator and a ramp generator. The VM ramp is generated by connecting a resistor
between VIN and the SLOPE pin. The VM control scheme uses leading-edge modulation, as detailed
in Figure 2-4. The PWM comparator initiates the PWM ON-time once the non-inverting input to

the PWM comparator reaches a 2.1V threshold. On the rising edge of an internal clock, the PWM
signal is terminated. Control-loop compensation is external for flexibility; type 3 compensation is
recommended for VM control as detailed in Figure 2-3.

Figure 2-3. Voltage Mode Configuration and Compensation
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In voltage mode, the SLOPE pin is used to generate the ramp which gets summed into the error
signal (COMP minus ~150 mV offset). The VM ramp at the PWM comparator non-inverting input is
implemented by selecting the following Rs, opg resistor value from SLOPE to VIN:
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2.2.8.2.

Equation 2-4.

R _ Ksiopetorr - (Vin = Vour)
SLOPE — RAMPp_p

Where:

* Ksope = 1.33x10'0Q/s

* torr = OFF-time of upper MOSFET =T - (1 - Vout/ViN)

+ T = Switching period (1/fsw)

* V)y = System input voltage

* Vour = Output voltage

* RAMPp_p = peak-to-peak voltage of summed ramp on modified COMP signal

Setting RAMPp_p = 1V is a good setting for the MIC45M235. Figure 2-4 details typical VM control
waveforms.

Figure 2-4. Leading-Edge Voltage Mode Modulation Waveforms
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To choose the appropriate compensation components in VM control, we must first determine the
output filter resonant frequency, Fi ¢, using Equation 2-5 and the ESR zero of Coyr, Fesg, USINg
Equation 2-6:
Equation 2-5.

1
Fre=
21 \[Loyr " Cour
Where:
* Loyt = Output filter inductance, which is 140 nH
+  Court = Output filter capacitance
Equation 2-6.
Foo 1
ESR=2m - Coyr.ESR

Where:

« ESR = equivalent series resistance of the output filter capacitance

Referring to Figure 2-3, the compensation network consists of components Rrop, R2, R3, C1, C2, C3
and the gy, amplifier. With sufficiently high impedances of the compensation components, the gy
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2.2.8.3.

amplifier can be used exactly as an operational amplifier (error amp). Two good guidelines to meet
the high impedance advice:

R2 >> /gy
Rrop // Rgotrom // R3>>1/gm

The goal of the compensation network is to provide a closed loop transfer function with a “high”
crossover frequency with sufficient phase margin. A good target for crossover frequency is 1/10th
the Module’s switching frequency and a good target for phase margin is 45 degrees or higher.

Use the following procedure and Equations 2-7 to 2-10 to design the VM compensation:

1. Place 15t Zero (Fz1) approximately 50-75% below F ¢
2. Place 2" Zero (F5,) approximately at F ¢

3. Place 15t Pole (Fpq) approximately at Fesg

4. Place 2" Pole (Fp,) approximately at 50% of fgyy
Equation 2-7.

_ 1
Fz1 = 2m- Ry Cq
Equation 2-8.

Fyy = 1
227 21 (Rpop + R3) - C3

Equation 2-9.
1

C1-Cy
2H'RZI<C1+C2)

Fpy =

Equation 2-10.

_ 1
FPZ_ZTL"R3'C3

It is recommended to check both the frequency response (Bode plot) and time-domain response
(load step transient response). It may be necessary to adjust the compensation components to
optimize the solution.

Valley Current Mode Control

The MIC45M235 can be configured in valley current-mode (VCM) control by grounding the SEL pin.
When the MIC45M235 is programmed to VCM control architecture, the inductor current is sensed
by the voltage drop measured across the DCR of the inductor. The current is sensed during the

off period of the switching cycle. It is filtered (series 100Q and 100 pF to AGND on both ends of
the differential signal) and is conditioned by the current sense amplifier, which has a gain of 30
V/V. The output signal of the current sense amplifier is compared with the current programmed by
the gy amplifier to determine the correct duty cycle. Slope compensation is added via a resistor
between VIN and the SLOPE pin. This slope compensation ramp is then added to comp signal to
avoid sub-harmonic oscillations for duty cycles of less than 50%, see Figure 2-5.
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Figure 2-5. Valley Current Mode Configuration and Compensation
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In VCM control, the SLOPE pin is used for slope compensation. The MIC45M235 applies slope
compensation dependent on V|, Vour, and output filter inductance by a single resistor connected
between VIN and the SLOPE pin.

Equation 2-11.

R _ Ksiope "L
SLOPE SF - Ajsgnamp - DCR - AF

Where:

* SF =Slope Factor

* Ksrope =1.33x 100 Q/s

+ L =Output filter inductance, which is 140 nH

*  Aisenamp = Current Sense Amplifier gain, which is 30

+ DCR = DC Resistance of Output Inductor, which is 0.3 mQ

+ AF = attenuation factor of temperature-compensated DCR sensing network, which is 0.745

Set SF = 1 for “1x slope compensation,” which sets the injected slope equal to the slope at the output
of the CS amplifier during the upper MOSFET ON-time. Set SF less than 1 for reduced amount of
slope compensation, and vice-versa. See Figure 2-6 for key VCM waveforms.

Figure 2-6. Valley Current Mode Modulation Waveforms

Internal Clock -| -|

CS Amp Output
P / —
PWM Comparator
Non-inverting Input __ L

PWM
Comparator
Output

PWM Signal

2.2.8.4. Valley Current Mode Control Compensation
Valley current mode control regulates the duty cycle to deliver the “valley” inductor current required
to control the output voltage. The valley current of the inductor is the current at the end of the
OFF-time, which is the time when the lower MOSFET is conducting. Because the inductor current is
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regulated, the LC resonance in the output filter is eliminated and the inductor can be modeled as an
ideal current source. This results in reduced phase shift and requires less elaborate compensation
than voltage-mode control.

A pole (Fp) is formed by the load resistance and output capacitance as shown in Equation 2-12. The
ESR zero is the same as in VM control (Equation 2-6 repeated here, shown as Equation 2-13):

Equation 2-12.

1

Fr= 21 Ry, - Coyr

Equation 2-13.

Frep—e — L
ESR 21 - COUT -ESR

A simple series R and C (R2 and C1 in Figure 2-5) is all that is needed to have a stable, high-
bandwidth loop in applications when ceramic capacitors are used for output filtering. When using
other types of capacitors, due to the higher capacitance and ESR, the ESR zero may be lower than
the desired closed-loop crossover frequency. In this case, an additional compensation capacitor
from COMP to GND (C2 in Figure 2-5) is necessary to cancel this ESR zero. If not needed for stability,
C2 is generally recommended to mitigate high frequency noise. In this case, select C2 to place the
resulting pole at approximately 10x the desired crossover frequency.

As a simple first-order approximation, the VCM controlled buck power stage can be modeled as a
voltage-controlled current source, feeding the output capacitor and load. The inductor current state
variable is removed and the power stage transfer function from COMP to the inductor current is
modeled as a transconductance (gv _ps). The simplified model of the control loop is shown in Figure
2-7.

Figure 2-7. Simplified Small Signal Model of Valley Current Mode Loop
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The loop gain in the frequency domain is defined by Equation 2-14.

Equation 2-14.

H(f)roop = H(f)co - H()comp

Where:

*  H(f)co = Control-to-output transfer function
*  H(f)comp = Compensator transfer function

Equation 2-15 provides an estimate of the control-to-output transfer function.
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Equation 2-15.

1+s-Coyr- ESR
H(f)co = gm ps' Ri- 1+s-Coyr- Ry

Where:
*  gm_ps = power stage
« gu=110AN

The power stage gw, gu_ps, is defined as the change in output load current divided by the change in
COMP voltage. It is not an absolute number under all conditions; 110A/V is a typical number to use
for the MIC45M235 recommended operational conditions.

As shown in Figures 2-5 and 2-7, a compensation network comprised of C1, R2, and C2, is used to
stabilize the loop, and its gain is referred to as H(f)comp- EQuation 2-16 provides the compensator
transfer function.

Equation 2-16.

Rporrom ) 1 1+s-Ci"Ry

H(f)comp = (gm- Rrop + Reorrom) 5 Ci 1+5-C, Ry

Equation 2-16 assumes C2 << C1. Equations 2-17 and 2-18 define the compensator pole and the
zero.
Equation 2-17.
_ 1
Facomp = 20 Ry
Equation 2-18.
1

Fecomp = 500, Ry

Substituting Equations 2-15 and 2-16 into Equation 2-14 gives us the total loop gain. If we design the
compensating pole and zero to cancel the load pole and zero, we arrive at an overall loop gain as
described by Equation 2-19.

Equation 2-19.

_ Rporrom Ry
H(f)roor = 9M_ps" R Rpormor " IM " 5 ¢y

Equating Equations 2-12 and 2-17 also gives us Equation 2-20.

Equation 2-20.
R, _ R
€1 Cour

Subbing Equation 2-20 into Equation 2-19, and noting that at the crossover frequency, s = 21 x Fc
and H(f).oop = 1, Equation 2-19 can be rearranged to Equation 2-21 to calculate the estimated
crossover frequency.

Equation 2-21.

Fo= . _Rporrom . R
€= 9M_PS Ryop + Reorrom M 21 Cour
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Summarizing, use the following procedure and Equations 2-22 to 2-24 to design the VCM
compensation:

1. Place the Zero (Fzcomp) at approximately the same frequency as the load Pole (Fp).
2. Place the Pole (Fpcomp) at approximately the same frequency as the ESR Zero (Fgsp).
Equation 2-22.

_ __ Rporrom  2m-Cour-Fc
27 Rrop+ Rporrom  9M_Ps* 9m

Equation 2-23.

1

C =R, F

Equation 2-24.

C)=— 1
27 2m- Coyr - FEsr

2.2.9. DCM Operation

The MIC45M235 will run in Discontinuous Conduction Mode (DCM), or pulse-skip mode, for
improved light efficiency. To avoid discharging the output during this light-load mode, the smart
power stage zero current detector disables the low-side FET once inductor current reaches zero. The
MIC45M235 generates the next PWM signal based on COMP voltage, causing DCM operation.

2.2.10. Protections

2.2.10.1. Overcurrent Limit
The MIC45M235 has internal Overcurrent Protection (OCP) set at a nominal 45A load current.
It employs thermally-compensated inductor DC Resistance (DCR) sensing and operates in hiccup
protection mode. The MIC45M235 uses a proprietary hiccup mode current-limit algorithm to avoid
saturation of inductor. An internal counter increments by two in each cycle overcurrent is detected,
and decrements by one each cycle when the current is not over the limit. When the counter reaches
16, the part will shut down due to hitting current limit and will wait for 8 ms before initiating a soft
start.

2.2.10.2. Overvoltage Protection

The MIC45M235 has a dedicated pin for Overvoltage Protection (OVP), typically protecting against
an open feedback loop or Vgg short-to-GND. The OVP pin senses the output voltage through an

external voltage divider. If this voltage is higher than Vggf, the overvoltage protection engages and
the Module is latched off. It is required to cycle either VCC (via VIN) or EN to re-enable the Module.

The OVP level, Vout ov: is programmed through a resistive divider at the OVP pin as shown in
Equation 2-25 and Figure 2-8. The divider resistors should be in the tens of kQ range.

Equation 2-25.

R
Vour_ov = 0.6V (1 + M)

Rpor_ov
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Figure 2-8. OVP Programming
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2.2.10.3. Thermal Shutdown

The powerstage temperature is internally monitored and the MIC45M235 is disabled if it exceeds
~150°C. There is approximately 15°C of thermal hysteresis and the MIC45M235 will attempt to
restart when the temperature cools to ~135°C.
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3. Electrical Characteristics
3.1. Absolute Maximum Ratings

20 \Y

VIN to PGND -0.3

VCC to AGND -0.3 6 v
EN, SS, FREQ, OVP, RS+, RS-, FB to AGND -0.3 VCC + 0.3V v
SLOPE to AGND -0.3 20 v
/A\WARNING Stresses beyond 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 these or any other conditions beyond those indicated in
the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

3.2. Recommended Operating Conditions

16 V

VIN 4.5

VCC 4.5 5.5 \Y
VOUT 0.6 3.3 \"
EN 0 VCC Vv
Ambient Temperature (Ta) -40 85 °C

3.3. DC/AC Characteristics

Vin = 12V; Vouyr = 1.0V; fsw = 400 kHz; Tp = +25°C, unless noted. Boldface values indicate -40°C < Tj < +125°C.

Input Voltage

VN range VIN 4.5 — 16 Vv

VN supply current lg — 2.5 — mA No switching, Vgg > +0.8V
Under Voltage Lockout (UVLO)

V\n UVLO upper threshold  VINUV_R — 3.5 \ VN rising

VN UVLO hysteresis VINUV_HYS — 600 — mV

Output Voltage

Vour Range Vour 0.6 — 3.46 \Y

VOUT voltage tolerance VOUT_SET -1.0 — 1.0 %Vout Vin =12V, Vour = 1.2V
VOUT voltage tolerance VOUT_SET -1.6 — 1.0 %Vout Vin =12V, Vout = 1.2V
Line regulation®? VOUT_DC_LINE  — +0.1 — %Vourt Vin from 10.8V to 13.2V, loyt = 35A
Load regulation®? VOUT_DC_LOAD — +02 — %Vourt lout from OA to 35A

Vour ripplet? VOUT_RIPPLE — 20 — mVp_p 20 MHz bandwidth
Output Current

lout range@ louT 0 — 35 A Continuous

Protection

Overcurrent®? oCP — 130 — %louTvAX)

Overvoltage threshold@ OVP1HRESH — 0.6 — v

Overvoltage hysteresis?  OVPuyst — 20 — mv
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DC/AC Characteristics (continued)

Vin = 12V; Vouyr = 1.0V; fsw = 400 kHz; Tp = +25°C, unless noted. Boldface values indicate -40°C < Tj < +125°C.

Thermal shutdown(" 150 — Temperature rising
Thermal shutdown THYST 15 °C
hysteresis(!)
PWM Controller
EN threshold voltage VEN_TH 1.2 \Y EN rising, point at which the output
is enabled
EN threshold hysteresis VEN_HYST 50 mV
Soft start tSOFT START — 2 — ms Rss = Floating
PGOOD VPG_TH 92 %VOUT Vg rising
VPG_HYS — 2 — %VOUT Vig falling
tD_PG — 200 — ys Vgg rising, delay from FB high to PG
high
VPG_L — 12 200 mV VFB <90% x VNOM, lpg =1 mA
Switching Frequency fow — 400 — kHz Rrreq = 249 kQ
Minimum On-Time(" TONMIN — 40 — ns CCM
Minimum Off-Time( TOFFMIN — 100 — ns CCM
Performance
Efficiency®@ n — 87 — % lout = 35A
Transient response(? AVouT TRANS — 60 — mv 10 A/ps load step from 25% to 75%
of loutmax)
Notes:

1. Ensured by design and characterization. Not production tested.
2. Not guaranteed; tested and characterized on EVB in defined application.

3.4. Thermal Characteristics

S

Temperature Ranges

Operating Junction Temperature Range(") T -40 — +125 °C

Maximum Junction Temperature TjaBsSMAX) — — +150 °C

Storage Temperature Ts -65 — +150 °C

Lead Temperature TLeAD — — +300 °C Soldering,

10s

Package Thermal Resistance

Thermal Resistance, 11 x 17 mm LGA® Bja — 144 — °C/W
Notes:

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, Tj, 6ja).
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.

2. Not guaranteed; based on thermal simulations. Case temperature refers to the hottest device
within the MIC45M235, the powerstage.
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Typical Performance Curves

Unless otherwise specified, the typical performance curves in this section were captured in the

following configuration: V| = 12V, Vout = 1V, fsw = 400 kHz, with Voltage Mode Control active, and

using the configuration shown below.

Figure 4-1. Typical Performance Curves Configuration Schematic

Vin ’ VIN vouT Vour
l RS+
Cin 300 kQ
l RS_
—_
SLOPE our
vee (16) 22 pF, 25V, X7R, 1210
1pF < Cn MF, 25V, )
I 10 kQ (1) 220 WF, 25V, Al-Polymer
= 8.45 kQ
Cour (16) 100 WF, 6.3V, X7S, 1210
PGOOD ovpP Rrop 34kQ
5.62 kQ Rgotrom 49.9 kQ
MIC45M235 o e
FSW = Cc2 68 pF
c3 R2 10 kQ
249 kQ R3
SS H VVV— c3 390 pF
= VDIFF ! R3 1.4kQ
120 kQ Rrop
FB
= a R2
EN ’_| Reottom
comp}— ||
SEL =
AGND PGND 2

I—

Figure 4-2. Efficiency vs. V|y
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Figure 4-3. Power Loss vs. V|y
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Figure 4-4. Efficiency vs. fgy
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Figure 4-5. Power Loss vs. gy
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Figure 4-10. Startup (Igyt = 20A, Rgs = 120 kQ)

Figure 4-11. Startup (lgyt = 24A, Rss = 10 kQ)

[
EN: 1V/div Vour: (500 mV/div /
[
e $
1 EN: 1V/div P
Vour: 500 mV/div Vd
1 ms/div  |lour: {0A/di 100}.s/di\/

Figure 4-12. Switching Waveform

Figure 4-13. Load Transient (0.1A to 18A)
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Figure 4-14. Load Transient (17A to 35A)
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Figure 4-15. V1 Ripple
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Figure 4-16. Current Limit Response
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Figure 4-18. Current Limit vs. Temperature
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Figure 4-17. Current Limit vs. V|
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5.2.

Application Information

Input Capacitors

The input capacitors need to handle the peak and RMS input currents demanded by the
MIC45M235. The capacitors also need to have low Equivalent Series Resistance (ESR) and inductance
(ESL) to minimize input voltage ripple. Multi-Layer Ceramic Capacitors (MLCCs) are ideal for this
purpose. In an 0805 case size, they can typically manage 2A RMS current with a temperature rise of
less than 5°C, and a 1206 case size can typically support 3A RMS with minimal temp rise. The RMS
value of the input current for the converter is estimated by using the formula:

Equation 5-1.
Igms = loyr "D - (1 —D)

Another important aspect of the input capacitors is to minimize input voltage ripple. Assuming the
ESR of the ceramic capacitors is very low, ripple resulting from ESR can be ignored and Equation 5-2
can be used to estimate the required effective minimum input capacitance that will meet the ripple
requirement.

Equation 5-2.

¢ lour-D-(1-D)
IN™"eff - fsw - AVinc

Where:

+ D =Duty cycle

« eff = Converter efficiency

* AV|yc = Input Voltage peak-to-peak ripple

Output Capacitors

Two main requirements determine the size and characteristics of the output capacitor, Coyr:
+ Steady-state ripple

+ Maximum voltage deviation during load transient

For steady-state ripple calculation, both the ESR and the capacitive ripple contribute to the total
ripple amplitude. The MIC45M235 utilizes a low loss inductor, whose nominal value is 140 nH. From
the switching frequency, input voltage, output voltage setting and load current, the peak-to-peak
inductor current ripple can be calculated using Equation 5-3.

Equation 5-3.

ALyo = Your Win =Vour)
pp VIN ' fSW 140 nH

With the inductor current ripple calculated, we can now estimate the minimum output capacitance
required for a given voltage ripple specification using Equation 5-4.
Equation 5-4.

ALpp
8- fsw- AVour_pp_c

Cour(mIn) =

Where:
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5.3.

* AVour pp ¢ = Capacitive component of Output Voltage Ripple, peak-to-peak

The output capacitor ESR will also contribute to the output ripple. Therefore, Equation 5-5 can be
used to estimate the output voltage ripple.

Equation 5-5.

_ ALpp \? 2
AVourpp = \/(m) + (ALpp - ESRcour)

The output capacitance must also be sized to handle load transients. When the load current
changes from a lower value to a higher value (load step), the output voltage will temporarily
decrease until the MIC45M235 is able to adjust the duty cycle to return the output voltage to its
regulated value. This temporary output voltage decrease is known as output voltage undershoot.
The converse happens when the load current changes from a higher value to a lower value (load
dump), causing output voltage overshoot. The output capacitance must be sized to handle these
transient conditions. There are various ways to estimate the minimum Cgyt required to maintain
overshoot and undershoot, many of which do not account for the characteristics of the control
loop. The following equation (5-6) is a decent estimate for the output voltage excursion due to load
transients when accounting for the control loop bandwidth:

Equation 5-6.

_ Aloyr TRAN
AVourTRAN = 2 F - Cour
Where:

*  AVour tran = Output Voltage excursion due to Load Transient
* Alpyt Tran = LOad Transient step
+ fc=Crossover frequency

Layout Considerations

The high integration of MIC45M235 simplifies the PCB board layout. However, to optimize its
electrical and thermal performance, some layout considerations are still necessary.

+ Place bypass capacitors, including input/output capacitors, as close as possible to the
MIC45M235's pins.

+ Sense the output voltage with separate traces directly across the output capacitor bank. Route
the differential feedback signals, RS+ and RS-, should be routed close together or on adjacent
layers to minimize noise pickup.

+ For thermal dissipation, connect the PGND pad to the power ground plane using vias.
Copperfilled vias are preferred, but plated-through-hole vias are acceptable if not covered with
solder mask.

+ Use an adequate number of vias to connect between layers, especially for power traces.
+ Connect AGND pins to the PGND copper layer using vias.

+ To minimize power losses and improve thermal dissipation, use wide copper polygons for high
current paths, including VIN, VOUT, and PGND.

+ Place a dedicated power ground layer underneath the unit.

+ To minimize the via conduction loss and reduce Module thermal stress, use multiple vias for
interconnection between top layer and other power layers.

Figure 5-1 shows a good example of the top layer of the PCB, highlighting many of the bulleted
points above.
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Figure 5-1. Example PCB Top Layer

Small Signal
Programming
Components

Feedback and
Compensation
Components

5.4. Module Reflow Profile Information

The MIC45M235 Module was assembled using the IPC/JEDEC J-STD-020 standard lead-free reflow
profile and it can be soldered to the host board using standard leaded or lead-free solder reflow
profiles. To avoid damaging the module, adhere to the following recommendations:

+ For solder reflow recommendations, refer to the AN233 Solder Reflow Recommendation
Application Note (DS00233).

+ Do not exceed a peak temperature (TP) of 250°C.

* For specific reflow profile recommendations from the vendor, refer to the Solder Paste Data
Sheet.

+ Use only one flow. If the PCB requires multiple flows, apply the module on the final flow.

25
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6. Packaging Information
Package Marking Information

44-Pin LGA (6.46 mm):

Example:
I/ [/
|| |
&| | XXXXXXXX | & [MICROCHIP|
XOXOXXXXX MIC45M235
{ YYWWNNN 2551256

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 (€3)
can be found on the outer packaging for this package.

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 not include the
corporate logo.
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Package Outline Drawings

44-Lead Module (5JW) - 17x11x 6.46 mm Body [MODULE]
With Multiple Ground Pads

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

NOTE 1
D} D
/
| 21 _
I % 44 :
(DATUM A) =] - ‘_‘T'—‘—'— — ik
(DATUM B) !
2X ‘
[2]o.10]c] —
2%
‘S[oa0]c TOP VIEW
A
//To.10]c SEATING
PLANE
A SIDE VIEW
s
SIDE VIEW f
. —] 228 |=—
Z{i% — 22 —] BEPPN
” ; —={ 230 |=—| ——|=— 0075 TYP. Lead Pullback
140 —=|  |~=
C—1Omgogpgaopo
2.43 4X
| | .
i A i
8.65520— - H——— oL g 230 5.0
i 3.85] ! " fo.7o—f
|
I | oooon
. 120
L .00 —H
—|3.00 Il 44X b
C

|- 4.23 = $0.10@ A[B]
2.80 =— L‘[ 0.05@|C

BOTTOM VIEW

Microchip Technology Drawing C04-608 Rev A Sheet 1 of 2
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44-Lead Module (5JW) - 17x11x 6.46 mm Body [MODULE]
With Multiple Ground Pads

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

Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Number of Terminals N 44
Pitch e 0.80 BSC
Overall Height A 6.26 6.46 6.66
Substrate S 0.42 0.50 0.56
Overall Length D 17.00 BSC
Overall Width E 11.00 BSC
Terminal Width b 0.35 0.40 0.45
Terminal Length L 0.55 0.60 0.65

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensioning and tolerancing per ASME Y14.5M
3. BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-608 Rev A Sheet 2 of 2
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44-Lead Module (5JW) - 17x11x 6.46 mm Body [MODULE]
With Multipule Ground Pads

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
= 280 = 423
— 200 |=—
<4— 3.00 = .

2 1

SILK SCREEN
s inme VAR
I
3.85 p.vi}
r 0.70
8.65 5.20 - - - - - L | 5.20
2.30 t
. 1
; ! 2.43 4X
0.60 —f —={ 1.40 |=— " L
— X1
4.40 —{ 230 |=—
— 223 |=— —=| 2.234X |=—
7.33
RECOMMENDED LAND PATTERN
Notes:

1. All dimensions are in millimeters.
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7. Revision History

March 2026 Initial release of this document.
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Product Identification System

To order or obtain information, for example, on pricing or delivery, contact Microchip: https://
www.microchip.com/en-us/about/contact-us.

PART NO. r{]“) =X XXX
Device Tape and Reel Temperature Package
Range
Device: MIC45M235: 16V, 35A Switching Buck Regulator Module
Tape & Reel Option(): Blank =Tube
T =Tape and Reel
Temperature Range: E =-40°C to +125°C (Extended)
Package: 5W = Compact Module Land Grid Array (LGA), 44-Pin, 11 x 17 x 6.46 mm
Package
Examples:

+  MIC45M235-E/5JW: 16V, 35A Switching Buck Regulator Module, Tube, Extended Temperature
Range, LGA 44-Pin Package
Notes:

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.

2. Small form-factor packaging options may be available. Please check www.microchip.com/
packaging for small-form factor package availability, or contact your local Sales Office.

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip
products. Subscribers will receive email notification whenever there are changes, updates, revisions
or errata related to a specified product family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.
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Microchip Information

Trademarks

The “Microchip” name and logo, the “M" logo, and other names, logos, and brands are registered
and unregistered trademarks of Microchip Technology Incorporated or its affiliates and/or
subsidiaries in the United States and/or other countries (“Microchip Trademarks"). Information
regarding Microchip Trademarks can be found at https://www.microchip.com/en-us/about/legal-
information/microchip-trademarks.

ISBN: 979-8-3371-2957-0

Legal Notice

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 information

in any other manner violates these terms. Information regarding device applications 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. Contact your local Microchip sales office for
additional support or, obtain additional support at www.microchip.com/en-us/support/design-help/
client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. 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 ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR
PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR

ITS 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 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.

Microchip Devices Code Protection Feature
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 products are 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.
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