MICROCHIP

MIC33M350

3A, Pin Strapping Power Module
with HyperLight Load® Mode and Output Voltage Select

Features

e 2.4V to 5.5V Input Voltage Range
* 3A Output Current
+ Pin Strapping Voltage Selection:
- Three-state pins (nine voltage combinations)

- 0.6V, 0.8v, 0.9V, 1.0V, 1.2V, 1.5V, 1.8V, 2.5V
or 3.3V output voltage

» Passes Automotive AEC-Q104 Reliability Testing

* Reduced Component Count (no feedback
resistors)

+ High Efficiency (up to 95%)

+ Output Discharge when Disabled

» Constant On-Time Control with High Switching
Frequency:
- 1.2 MHz typical at 1.0V output voltage

» +1.5% Output Voltage Accuracy Over
Line/Load/Temperature Range

* 0.8 ms/V Soft Start Speed

» Supports Safe Start-up with Pre-Biased Output
 Typical 1.5 pA Shutdown Supply Current

» Low Dropout Operation (100% duty cycle)

+ Ultra Fast Transient Response

+ Latch-Off Thermal Shutdown Protection

+ Latch-Off Current Limit Protection

» Power Good (PG) Open-Drain Output

* Meets CISPR32 Class B Radiated EMI

» Meets CISPR 25 Class 5 Radiated EMI

* Package: 3.0 mm x 4.5 mm x 1.8 mm,
24-Lead QFN

Applications

+ Solid State Drives (SSD)
+ Tablets, Netbooks and Ultrabooks
* FPGAs, DSP and Low-Voltage ASIC Power

General Description

The MIC33M350 device is a pin-selectable output
voltage, high-efficiency, low-voltage input, 3A current,
synchronous step-down regulator power module with
integrated inductor. The Constant On-Time (COT)
control architecture with HyperLight Load provides very
high efficiency at light loads, while maintaining an
ultra-fast transient response.

The MIC33M350 output voltage is set by two Vgg|
(Voltage Selection) pins, between nine different values.
This method eliminates the need for an external
feedback resistor divider and improves the output
voltage setting accuracy.

The 2.4V to 5.5V input voltage range, low shutdown
and quiescent currents make the MIC33M350 device
ideal for single cell Li-lon battery-powered applications.
The 100% duty cycle capability provides Low Dropout
operation, extending operating range in portable
systems.

The MIC33M350 pinout is compatible with the
MIC33M356  1°C-based programmable regulator
version, such that applications can be easily converted.
An open-drain Power Good output is provided to
indicate when the output voltage is within 9% of
regulation and facilitates the interface with an MCU. If
set in shutdown (EN = GND), the MIC33M350 typically
draws 1.5 pA, while the output is discharged through
10Q pull-down.

MIC33M350 is available in a thermally efficient
package: 24-Lead 3.0 mmx4.5mmx 1.8 mm QFN

package, with an operating junction temperature range
from -40°C to +125°C.

MIC33M350 passes Automotive AEC-Q104 Reliability
Testing.
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FIGURE 1: Radiated Emissions,
CISPR32, Class B (Vi =5V, Voyr =1V,

lout = 3A).
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FIGURE 2: Radiated Emissions,
Horizontal Polarization Average, CISPR25,
Class 5 (VIN =5V, VOUT =1V, IOUT = 3A)
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FIGURE 3: Radiated Emissions,
Vertical Polarization Average, CISPR25, Class 5
(Vin =5V, Vour = 1V, loyr = 3A).
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24-Lead QFN, 3.0 mm x 4.5 mm x 1.8 mm
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MIC33M350

Functional Block Diagram

MIC33M350
. lsv.N
Ton % 1pF
ADJUST 100
[ VN o a VN
MINIMUM _L 2.4V to 5.5V
Torr 22uF
UVLO I I
| '_ =
2.225V/ HSD 1 P Vour/3A
2.072v Control I/I/ 0.6V
ENm ENy Logic 047 pH W 0.8V
oT L 0.9V
oYY o o a 10V
165°C/143°C s LL l 1.2V
<«——PD 7C 4 01 1.5V
o + WF uF| 1.8V
> — ~ 2.5V
< L 3.3V
PVin
RIPPLE =
INJECTION tl
° g Pono
Py 4VOUT
V VSEL1 %
SEL1 v VseL1/VseL2 PD
Vsst: sazI DECODE LOGIC a
Vin
100k Aot
PG PG A Veer 9% <7 <7
g DELAY g

© 2020-2021 Microchip Technology Inc.

DS20006348B-page 3



MIC33M350

NOTES:

DS20006348B-page 4 © 2020-2021 Microchip Technology Inc.



MIC33M350

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratingst

SV [Ny PV N TO AGND -+t -reeerrermrtettteattenittestte ettt ettt st e e sttt sbe e sa e sh et e st et e e e e e ae e ee bt e saeeear e e nbeeeaneenae e e nbeenneeereeneee -0.3V to +6V
VGUY 1O AAGNID -+ veeeremeermeeieesee et et et et et e e s b e e s e e ae e e e e h oo et e e e ee e e ae e see e e e ae e R e e ae e ee e eae e et e e e e ene e e s e e eaeesreene s -0.3V to +6V
VN TO AAGIND +++vveemreermreenmeeruree st e et ettt et e bt e e bt esae e eab e e eh et e bt e ehe e e E e e ae e e E e e sae e e bt na et e he e nan e bt e e et e r et et et e e nane e reens -0.3Vto PV|y
VPG B0 AGNID -+ ++e e seeemeesmee st e et et et e ettt e e e e e e et ae e se e he e e e oo ae e s h e e e e e e R oo e eh e e e e e ae e e e e e eae e e see e e e sen e e e e e eane e -0.3Vto PV|y
V/SELLs VVSELD TO AAGND +-++vterreerreersreemmerttestteastestetaseeasee s bt esteeses e e seeeaabeeshe e e eeeabe e s st e eaeenen e e sbeeeaneenteeeaneenneean -0.3V to PV|y
LAY TN IR RS AV N TP PP PP OPPRPRTRN -0.3V to +0.3V
AAGND TO PGND +veerreermreemteeett ettt ettt sh e bttt e h et b et E e e r e n et s -0.3V to +0.3V
JUNCHON TEMPEIATUIE. ...ttt ettt e e e ettt e e e ettt e e e e sante e e e e e e nteeeaeaaeeeaaeaasneeeaaeaanseneaaaannn +150°C
Storage TEMPEIATUIE (Tg) .. uuieiueereietieiteet ettt ettt ettt et sae e r e e st nbeenan e e sbeeeeneenne e e -65°C to +150°C
Lead Temperature (SOIAErING, T0S) .....cciiiiiiiiiiiiii ettt ettt st e et e e s e sr e ere e e e aar e e e eaneeeseneeas +260°C
ESD Rating("

L= RO PUPTURRPI 2000V
(O] T OO ST PO U PP PP PPPOPR 1500V

T Notice: Stresses above those listed under “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 peri-
ods may affect device reliability.

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

Operating Ratings'")

SUPPIY VOIRAGE (PV]N) --reeeeermrteitte ettt ettt ettt et b ettt ae e st sae e et st e e ne e nae e e b e e naee e ene e 2.4V to 5.5V
ENabIEe VOIBGE (VEN) e veeeeeeiii e e s s s 0V to PV
Power Good (PG) Pull-up VOItage (Vpy p@)-« -t reerreerreemiiniiiiniii e 0V to 5.5V
Maximum OULPUL CUITENT. ...ttt e e ettt e e e e e ettt e e e e e aeeeeeaeeaasaeeeaaeaasnseeeeaanseeeaaeaaannseeaeaaanneseeaaennn 3A
JUNCHON TEMPEIATUIE (T ). ceuviiitieeiee ettt ettt a et r et st esbeenan e sbeeeaneenreeaa -40°C to +125°C

Note 1: The device is not ensured to function outside the operating range.
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MIC33M350

ELECTRICAL CHARACTERISTICS (1)

Electrical Specifications: Unless otherwise specified, PV |y = 5V; Voyt = 1.0V, Coyt = 47 WF, Tp = +25°C.
Boldface values indicate -40°C < T; < +125°C.

Parameter Symbol ‘ Min. ‘ Typ. ‘ Max. | Units | Test Conditions
Vin Supply
Input Range PVN 24 — 5.5 \Y
Undervoltage Lockout UVLO 215 2.225 2.35 \ SV)y rising
Threshold
Undervoltage Lockout UVLO_H — 153 — \% SV|\ falling (Note 3)
Hysteresis
Operating Supply Current lino — 60 100 MA | VEg =1.2V, non-switching
10 lJA VEN = OV, PV|N = SV|N = 55V,
-40°C < T;<+105°C
Shutdown Current IsHDN — 1.5
20 UA VEN = OV, PV|N = SV|N = 55V,
-40°C < T;<+125°C
Output Voltage
OUtpUt Accuracy VOUT_ACC 0.5910 0.6 0.6090 \% VSEL2 =0; VSEL1 =0
0.7880 0.8 0.8120 \% Vse2=0; Vg 1 =2
0.8865 0.9 0.9135 \ VSELZ = O, VSEL'] =1
0.9850 1 1.0150 \Y VSEL2 = Z; VSEL1 =0
1.1820 1.2 1.2180 \% Vsel2=2Z; Vsg11 =2
1.4775 1.5 1.5225 \Y VSELZ = Z, VSEL'] =1
1.7730 1.8 1.8270 \Y VSEL2 = 1; VSEL1 =0
2.4625 2.5 2.5375 \Y VSEL2 = 1, VSEL1 =7
3.2505 3.3 3.3495 \ VSELZ = 1, VSEL'] =1
Line Regulation — 0.03 — % Vour=1.0V,V|y=2.5V105.5Y,
lOUT =300 mA (Note 3)
Load Regulation — 0.1 — % Vout = 1.0V, lgyT = 0Ato 3A
(Note 3)
Enable Control
EN Logic Level High VEN H 1.2 — \ VN rising, regulator enabled
EN Logic Level Low VEN L — — 0.4 \Y, Ve falling,
regulator shutdown
EN Low Input Current lEN L — 0.01 500 nA  |[Vgy =0V
EN High Input Current lEN H — 0.01 500 nA |Vgy=5.5V
Enable Lockout Delay 0.15 0.25 0.4 ms
VsgL Logic Level Control
VSEL1,2 LOgiC Level ngh VSEL_H 1.2 — —_— \Y VSEL1,2 rising,
regulator enabled
VSEL1,2 LOgiC Level Low VSEL_L — 0.4 \Y VSEL1,2 faIIing,
regulator shutdown
VSEL1,2 Logic Level Open VSEL_O — 0.8 — V VSEL1,2 faIIing,
regulator shutdown (Note 3)
VSEL1,2 Low Input Current lVSEL L -1 0.01 1 lJA VSEL1,2 =0V
VSEL1,2 ngh Input Current IVSEL H -1 0.01 1 HA VSEL1,2 =55V

Note 1:

Specification for packaged product only.

2: Tested in open loop. The closed-loop current limit is affected by the inductance value.
3:  Not production tested, data from bench characterization only

DS20006348B-page 6
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MIC33M350

ELECTRICAL CHARACTERISTICS (1) (CONTINUED)

Electrical Specifications: Unless otherwise specified, PV|y = 5V; Vout = 1.0V, Coyt =47 pF, T = +25°C.

Boldface values indicate -40°C < T; < +125°C.

Parameter

Symbol ‘ Min. ‘ Typ. ‘ Max. | Units |

Test Conditions

Ton Control/Switching Frequency

SWItChlng ON Time TON — 180 —_— ns V|N = 5V, VOUT =1V
—_— 1.2 —_— VOUT = 10V, lOUT =3A
Switching Frequency FREQ MHz |(Note 3)
—_ 1.1 —_ VOUT = 33V, lOUT =3A
Maximum Duty Cycle DCMAX — — 100 % Note 3
Short Circuit Protection
High-Side MOSFET Forward LM Hs 4 5 6.5 A Note 2
Current Limit B
Low-Side MOSFET Forward ILm Ls — 42 — A Note 2, Note 3
Current Limit -
Low-Side MOSFET Negative | I m NEG -2 -3 -4 A Note 2
Current Limit B
N-Channel Zero-Crossing Izc TH — 0.9 — A Note 3
Threshold -
Current Limit Pulses Before HICCUP — 8 — Cycles |Note 3
Hiccup
Hiccup Period Before Restart — — 1 — ms Note 3
Internal MOSFETs
High-Side On Resistance Rps-oN-Hs — 30 60 mQ |lgyw =1A
Low-Side On Resistance Rps-oN-Ls — 16 40 mQ |lgyw =-1A
Output Discharge Resistance | Rps.on-psc — 10 50 Q Ven = 0V, Vg = 5.5V, from
Vour to Penp
SwW Leakage Current ILEAK_SW — 1 10 UA PVIN =55V, VSW =0V,
VEN = OV,
current flowing out of SW pin
Power-Good (PG)
Power Good Threshold PG_TH 87 91 95 %Vourt | Vour rising (good)
Power Good Hysteresis PG_HYS — 4 — %Vout | Vour falling (Note 3)
Power Good Blanking Time | PG_BLANK — 65 — V& Note 3
PG Output Leakage Current | PG_LEAK — 30 300 nA | Vout = Vout (NOM),
VPG =5.5V
Power Good Sink Low PG_SINKV — — 200 mV | Voyut =0V, Ipg = 10 mA
Voltage
Thermal Shutdown
Thermal Shutdown TsHDN — 165 — °C T, rising (Note 3)
Thermal Shutdown Hysteresis | Tsypn HysT| — 22 — °C T, falling (Note 3)
Thermal Latch-Off Soft Start | TH_LATCH — 4 — — Note 3
Cycles
Note 1: Specification for packaged product only.

2: Tested in open loop. The closed-loop current limit is affected by the inductance value.

3:  Not production tested, data from bench characterization only

© 2020-2021 Microchip Technology Inc.
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MIC33M350

TEMPERATURE SPECIFICATIONS

Electrical Specifications: unless otherwise specified, SV|y = PV |\ = 5V; Voyt = 1.0V, Coyt = 47 uF, T = +25°C.
Boldface values indicate -40°C < T; < +125°C.

Parameters ‘ Sym. ‘ Min. ‘ Typ. ‘ Max. ‘ Units ‘ Conditions
Temperature Ranges
Junction Temperature T, -40 — 125 °C
Storage Temperature Range Ta -65 — 150 °C
Package Thermal Resistances
Thermal Resistance, 24-Lead, 0,a — +36 — °C/IW
3 mm x 4.5 mm QFN

DS20006348B-page 8
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MIC33M350

2.0 TYPICAL CHARACTERISTIC 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.

Note:  Unless otherwise indicated, PV|y = 5V, Vout = 1V, Cout =47 YF, Tp = +25°C.
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MIC33M350

Note:
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MIC33M350

Note:
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Unless otherwise indicated, PV |y = 5V, Vout = 1V, Coyt =47 UF, Ty = +25°C
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Note:
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Unless otherwise indicated, PV |y = 5V, Vout = 1V, Coyt =47 YF, Tp = +25°C.
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FIGURE 2-24:
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MIC33M350

Note:  Unless otherwise indicated, PV|y = 5V, Voyrt = 1V, Coyt =47 WF, Tp = +25°C.
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FIGURE 2-25:

Line Transient Response.
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NOTES:
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MIC33M350

3.0 PIN DESCRIPTION

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

TABLE 3-1: PIN FUNCTION TABLE

MIC33M350 Symbol Pin Function

1,2,3,10, 11 PenD Power Ground Pin: Pg\p is the ground path for the MIC33M350 buck
converter power stage.

4,5,6,7,8,9 SW Switch Node Pin

17 PViN Power Supply Voltage Pin

18 SV|N Analog Voltage Input Pin. The power to the internal reference and
control sections of the MIC33M350 device. A 1.0 yF ceramic
capacitor from SV to GND must be used. Internally connected to
PV)\ through a 10Q resistor.

19 VseL2 Output Voltage Selection Control Pin 2 (Input): The Logic state of the
Vg1 and Vgg o selects the register that sets the output voltage. This
input has three Digital states: High, Low and Floating.

20 VseL1 Output Voltage Selection Control Pin 1 (Input): The Logic state of the
Vg1 and Vgg o selects the register that sets the output voltage. This
input has three Digital states: High, Low and Floating.

21 EN Enable Pin (Input): Logic high enables operation of the regulator. The
EN pin should not be left open.

22 PG Power Good Pin (Output): This is an open-drain output that indicates
when the output voltage is lower than the 91% limit.

23 Vour Output Voltage Sense Pin (Input): This pin is used to remote sense
the output voltage. Connect Vg7 as close to the output capacitor as
possible to sense output voltage. Also provides the path to discharge
the output through an internal 10Q resistor when disabled.

12,13, 14, 15, 16 ouT Power Output Side Connection Pins

24 AGND Analog Ground: Internal signal ground for all low-power circuits

25 EP1_PgnD Exposed Thermal Pad Pin: Internally connected to Pgnp

26 EP2_PgnD Exposed Thermal Pad Pin: Internally connected to Pgnp

27 EP_SW Exposed Thermal Pad Pin: Internally connected to SW Node

28 EP_OUT Exposed Thermal Pad Pin: Internally connected to Output side

© 2020-2021 Microchip Technology Inc.
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MIC33M350

3.1 Power Ground Pin (Pgnp)

Panp is the ground path for the MIC33M350 buck
converter power stage. The Pgyp pin connects to the
sources of the low-side N-Channel MOSFETs, the
negative terminals of input capacitors and the negative
terminals of output capacitors. The loop for the Power
Ground should be as small as possible and separate
from the Analog Ground (Agnp) loop.

3.2 Switch Node Pin (SW)

The SW pin connects directly to the switch node. The
Switching Node output pin is connected to the internal
MOSFETs and inductor. Due to the high-speed
switching on this pin, the SW pin should be routed
away from sensitive nodes. The SW pin also senses
the current by monitoring the voltage across the
low-side MOSFET during off-time.

3.3 Input Voltage Pin (PV|y)

This is an input supply to the source of the internal
high-side P-channel MOSFET. The PV,y operating
voltage range is from 2.4V to 5.5V. An input capacitor
between PV|y and the Power Ground (Pgnp) pin is
required and placed as close as possible to the IC.

3.4 Analog Voltage Input Pin (SVy)

The power to the internal reference and control
sections of the MIC33M350. A 1.0 yF ceramic
capacitor from SV to ground must be used. Internally
connected to PV |y through a 10Q resistor.

3.5 Output Voltage Selection Control
Pin 2 (VggL2)

The Logic state of the Vgg 1 and Vg o selects the
output voltage. This input has three Digital states: High,
Low and Floating. See Table 4-1.

3.6 Output Voltage Selection Control
Pin 1 (VsgL1)
The Logic state of the Vgg 1 and Vg o selects the

output voltage. This input has three Digital states: High,
Low and Floating. See Table 4-1.

3.7 Enable Pin (EN)

Logic high enables operation of the regulator. Logic low
shuts down the device. In the OFF state, the supply
current to the device is greatly reduced (typically
1.5 pA). The EN pin should not be left open.

3.8 Power Good Pin (PG)

This is an open-drain output that indicates when the
output voltage is higher than the 91% limit. There is a
4% hysteresis, therefore, PG will return to low when the
falling output voltage falls below 87% of the target
regulation voltage.

3.9  Output Voltage Sense Pin (Voyr)

This pin is used to remotely sense the output voltage.
Connect it to Vot as close to the output capacitor as
possible to sense output voltage. This pin also provides
the path to discharge the output through an internal
10Q resistor when it is disabled.

3.10 Analog Ground Pin (Agnp)

This is an internal signal ground for all low-power
circuits. Connect it to ground plane. For the best load
regulation, the connection path from Agnp to the output
capacitor ground terminal should be free from parasitic
voltage drops.

3.11  EP1_Pgnps EP2_PgnD

These pins electrically connected to the Pgnp pins.
They must be connected with thermal vias to the
ground plane to ensure adequate heat sinking.

3.12 EP_SW Exposed Pad (SW)

This pin is electrically connected to the SW node.

3.13 OUT Exposed Pad (OUT)

This pin is electrically connected to the OUT pins. It
must be externally connected to the output power
connection.

DS20006348B-page 16
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4.0 DETAILED DESCRIPTION

4.1 Device Overview

The MIC33M350 device is a high-efficiency, 3A current,
synchronous buck regulator power module with inte-
grated inductor. The COT control architecture with
automatic HyperLight Load mode provides very high
efficiency at light loads and ultra-fast transient
response.

The MIC33M350 output voltage is set by two Vgg
three-state logic pins that can set the output voltage to
nine different values (see Table 4-1).

The 2.4V to 5.5V input voltage operating range makes
the device ideal for single cell Li-ion battery-powered
applications. The 100% duty cycle capability provides
Low Dropout operation, extending battery life in
portable systems. The automatic HyperLight Load
mode provides very high efficiency at light loads.

These devices focus on high output voltage accuracy.
Total output error is less than 1.5% over line, load and
temperature.

MIC33M350 focuses on high output voltage accuracy.

The MIC33M350 buck regulator uses an adaptive
Constant On-Time control method. The adaptive
on-time control scheme is employed to obtain a nearly
constant switching frequency and to simplify the control
compensation. Overcurrent protection is implemented
without the use of an external sense resistor. The
MIC33M350 device includes an internal soft start
function which reduces the power supply input surge
current at start-up by controlling the output voltage rise
time.

4.2 HyperLight Load® Mode (HLL)

HLL is a power-saving mode. In HLL, the switching
frequency is not constant over the operation current
range. At light loads, the minimum duty cycle is limited,
which causes the switching frequency to decrease at
light loads, this reduces switching and drive losses, and
increases efficiency.

4.3 Enable (EN)

When the EN pin is pulled low, the IC is in a Shutdown
state, with all internal circuits disabled and with the
Power Good output low. During shutdown, the
MIC33M350 part typically consumes 1.5 yA. When the
EN pin is pulled high, the start-up sequence is initiated.

4.4 Power Good (PG)

The Power Good output is generally used for power
sequencing, where the PG output is tied to the Enable
output of another regulator. This technique avoids all
the regulators powering up at the same time, which
causes large inrush current.

PG is an open-drain output that indicates that the
output is above 87% of its voltage set value. During
start-up, when the output voltage is rising, the Power
Good output goes high when the output voltage
reaches 91% of its set value. The Power Good
threshold has 4% hysteresis, so the Power Good
output stays high until the output voltage falls below
87% of the set value. A built-in 65 ps blanking time is
incorporated to prevent nuisance tripping.

A pull-up resistor can be connected to V|, Voyr, or an
external source that is less than or equal to V|y. The
PG pin can be connected to another regulator’s enable
pin for sequencing of the outputs. The PG output is
deasserted as soon as the Enable pin is pulled low or
an input undervoltage condition, or any other Fault is
detected.

4.5 Resistive Discharge (Soft
Discharge)

To ensure a known output condition when the output is
turned off, then back on again (i.e. in a brown output
condition), the output is actively discharged to ground
by means of an internal 10Q resistor if the output is
disabled.

© 2020-2021 Microchip Technology Inc.
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4.6 Output Voltage Setting

The MIC33M350 device has two pins, Vgg 1 and
VsgL2. Which are used for choosing between nine
predefined voltage settings: 0.6V, 0.8V, 0.9V, 1.0V,
1.2V, 1.5V, 1.8V, 2.5V, 3.3V. These pins can be tied to
V|N» GND or left floating. The relationship between
VseL1/VseL2 and the output voltage is shown in

Table 4-1.

TABLE 4-1: OUTPUT VOLTAGE SETTINGS
VseL2 VseL1 Vourt
GND GND 0.6V
GND OPEN 0.8V
GND Vin 0.9V
OPEN GND 1.0V
OPEN OPEN 1.2V
OPEN Vin 1.5V

Vin GND 1.8V
Vin OPEN 2.5V
Vin Vin 3.3V

Vourt should be connected exactly to the desired
Point-of-Load (POL) regulation, avoiding parasitic
resistive drops. It is possible to fine-tune the desired
output voltage by adding a series resistor on the Vgt
pin. This allows slightly higher output value
programming, but should not exceed 5% deviation from
the Vgg selected value.

EQUATION 4-1:
RVOUT = 82kQ xTRIM
Where:
Rvour = Vour series resistance needed for a
TRIM% output voltage increase

4.7 Converter Stability/Output
Capacitor

The MIC33M350 device utilizes an internal
compensation network and is designed to provide
stable operation with output capacitors, from 47 pF to
1000 pF. This greatly simplifies the design, where you
can add supplementary output capacitance without
having to worry about stability.

4.8 Soft Start

Excess bulk capacitance on the output can cause
excessive input inrush current. The MIC33M350 soft
start feature forces the output voltage to rise gradually,
keeping the inrush current at reasonable levels. This is
particularly important in battery-powered applications.
When the Enable pin goes high, the output voltage
starts to rise. Once the soft start period has finished,
the Power Good comparator is enabled and the Power
Good output goes high.

The output voltage soft start time is determined by the
soft start equation below. The Soft Start Time, tgg can
be calculated by Equation 4-2.

EQUATION 4-2:

tss = Vour Xtramp
teg = 1.0V x(800 us)/V

tee = 800 us = 0.8 ms

Where:
VOUT =1.0vV
tRAMP = 800 ps/V

4.9 Dropout Operation

As the input voltage approaches the output voltage, the
minimum on-time limits the maximum duty cycle. To
achieve 100% duty cycle, the high-side switch is
latched when the duty cycle reaches around 92% and
stays latched until the output voltage falls 4% below its
regulated value. In dropout, the output voltage is
determined by the input voltage minus the voltage drop
across the high-side MOSFET.

DS20006348B-page 18
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410 Switching Frequency

The switching frequency of the MIC33M350 is
determined by the internal On-Time (Ty) calculation.
For an input voltage of 5V and an output voltage of 1V,
the typical value of Tgy is 180 ns. The resulting
switching frequency can be estimated by Equation 4-3.

EQUATION 4-3:

Jsw = Vour Wiy xToy)

Equation 4-3 is only valid in continuous conduction
mode and for a lossless converter. In practice, losses
cause an increase of the switching frequency
compared to the ideal case. As the load current
increases, losses increase too and so does the
switching frequency.

The on-time calculation is adaptive, in that the Ty
value is modulated based on the input voltage and on
the target output voltage to stabilize the switching
frequency against their variations. Losses are not
accounted for.

Vin (V) Vour (V) Ton
5 0.6 110

1 180

1.8 340

2.5 490

3.3 610

3.3 1 270

411 Undervoltage Protection (UVLO)

Undervoltage protection ensures that the IC has
enough voltage to bias the internal circuitry properly
and provide sufficient gate drive for the power
MOSFETs. When the input voltage starts to rise, both
power MOSFETs are off and the power good output is
pulled low. The IC starts at approximately 2.225V and
has a nominal 153 mV of hysteresis to prevent
chattering between the UVLO high and low states.

412 Overtemperature Fault

The MIC33M350 monitors the die junction temperature
to keep the IC operating properly. If the IC junction
temperature exceeds +165°C, both power MOSFETs
are immediately turned off. The IC is allowed to restart
when the die temperature falls below +143°C.

During recovery from a thermal shutdown event, if the
regulator hits another thermal shutdown event or a
current limit event causing hiccup before Power Good
can be achieved, the controller resets again. If this
happens more than four times in a row, then the part
enters the Latch-Off state, which turns off both
MOSFETs permanently. The MIC33M350 part does not
restart again unless the input power is cycled. This
Latch-Off feature eliminates the thermal stress on the
MIC33M350 during a persistent Fault event.

413 Safe Start-up Into a Pre-Biased
Output

The MIC33M350 is designed for safe start-up into a
pre-biased output in forced PWM. This feature
prevents high negative inductor current flow in a
pre-bias condition, which can damage the IC. This is
achieved by not allowing forced PWM until the control
loop commands eight switching cycles. After eight
cycles, the low-side negative current limit is switched
from OA to -3A. The cycle counter is reset to zero if the
enable pin is pulled low, or an input undervoltage
condition or any other Fault is detected.

4.14 Current Limiting

The MIC33M350 regulator uses both high-side and
low-side current sense for current limiting. When the
high-side current sense threshold is reached, the
high-side MOSFET is turned off and the low-side
MOSFET is turned on. The low-side MOSFET stays on
until the current falls to 80% of the high-side current
threshold value, then the high side can be turned on
again. If the overload condition lasts for more than four
cycles, the MIC33M350 enters hiccup current limiting
and both MOSFETs are turned off. There is a 1 ms
cool-off period before the MOSFETSs are allowed to be
turned on. If the regulator has another hiccup event
before it reaches the Power Good threshold on restart,
turn both MOSFETs off again and wait for 1 ms. If this
happens more than three times in a row, then the part
enters the Latch-Off state, which turns off both
MOSFETs permanently, unless the part is reset by
cycling the input power.

4.15 Thermal Considerations

Although the MIC33M350 is capable of delivering up to
3A under load, the package thermal resistance and the
device internal power dissipation may dictate some
limitations to the continuous output current.

If operated above the rated junction temperature,
electrical parameters may drift beyond characterized
specifications. The MIC33M350 is protected under all
circumstances by thermal shutdown.

© 2020-2021 Microchip Technology Inc.
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5.0 APPLICATION INFORMATION

5.1 Output Voltage Sensing

To achieve accurate output voltage regulation, the
Vour pin (internal feedback divider top terminal) should
be Kelvin-connected as close as possible to the point
of regulation top terminal. Since both the internal
reference and the internal feedback divider's bottom
terminal refer to Agnp, it is important to minimize
voltage drops between the Agyp and the point of
regulation return terminal (typically the ground terminal
of the output capacitor which is closest to the load).

5.2 Output Capacitor Selection

The type of the output capacitor is usually determined
by its Equivalent Series Resistance (ESR). Voltage and
RMS current capability are two other important factors
for selecting the output capacitor. Recommended
capacitor types are ceramic, low-ESR aluminum
electrolytic, OS-CON, and POSCAP. The output
capacitor's ESR is usually the main cause of the output
ripple. The output capacitor ESR also affects the
control loop from a stability point of view. The maximum
value of ESR is calculated using Equation 5-1.

EQUATION 5-1:

AV
pSR. <—OQUILEE)
ouT L(PP)

Where:

Voutep) Peak-to-peak output voltage ripple
ILPP) Peak-to-peak inductor current ripple

The peak-to-peak inductor current ripple can be
calculated with the formula in Equation 5-2.

EQUATION 5-2:

Vour Y ivewax)~ Vour)
Vinaaax) * sw L

ALy pp) =

Where:
L = 047 uH

The total output ripple is a combination of the ESR and
output capacitance.The total ripple is calculated in
Equation 5-3.

EQUATION 5-3:
_ AP 2
Yourepp) = J[COUTX»/wagj +(A1L(PP)XESRCOU)_
Where:
Cout Output Capacitance Value
fsw Switching Frequency

The output capacitor RMS current is calculated in
Equation 5-4.

EQUATION 5-4:

; _ PP
CouT(rMS) J12

The power dissipated in the output capacitor is:

EQUATION 5-5:

2

Ppissccoury = Icourrms) *ESRcour

5.3 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 can fail when
subjected to high inrush currents, caused by turning on
the input supply. A tantalum input capacitor's voltage
rating should be at least two times the maximum input
voltage, to maximize reliability. Aluminum electrolytic,
OS—-CON, and multilayer polymer film capacitors can
handle the higher inrush currents without voltage
derating. The input voltage ripple depends on the input
capacitor's ESR. The peak input current is equal to the
peak inductor current, as shown in Equation 5-6.

EQUATION 5-6:

AVin = 1pk) *CESR

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 5-7:

Ieinerms) ~lout(max) X P (I -D)

The power dissipated in the input capacitor is
calculated in Equation 5-8.

EQUATION 5-8:

- 2
Ppisscciny = fcinrms) * CESR

© 2020-2021 Microchip Technology Inc.
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6.0 PACKAGE MARKING INFORMATION

MIC33M350 Example
24-Lead QFN, 3.0 mm x4.5 mm x 1.8 mm

® olh
XXXX 350
XXXX 2110
YYWW
NNN 256

Legend: XX..X 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.

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.
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24-Lead Plastic Quad Flat, No Lead Package (N6A) - 3x4.5 mm Body [QFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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24-Lead Plastic Quad Flat, No Lead Package (N6A) - 3x4.5 mm Body [QFN]

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

Notes:

Units MILLIMETERS

Dimension Limits|  MIN [ NOM [ MAX
Number of Terminals N 24
Pitch e 0.50 BSC
Overall Height A 1.80 1.85 1.90
Standoff A1 0.00 0.02 0.05
Terminal Thickness A3 0.203 REF
Overall Length D 3.00 BSC
Exposed Pad Length D2 0.338 0.388 0.438
Exposed Pad Length D3 1.344 1.394 1.444
Overall Width E 4.50 BSC
Exposed Pad Width E2 2.35 2.40 2.45
Exposed Pad Width E3 0.326 0.376 0.426
Terminal Width b 0.20 0.25 0.30
Terminal Width b2 0.08 0.13 0.18
Terminal Length L 0.35 0.40 0.45
Terminal Length L2 0.20 0.25 0.30
Terminal to Exposed Pad K1 0.20 - -
Terminal to Exposed Pad K2 0.20 - -

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated
3. Dimensioning and tolerancing per ASME Y14.5M

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-1220A Sheet 2 of 2
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24-Lead Plastic Quad Flat, No Lead Package (N6A) - 3x4.5 mm Body [QFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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Outer Features Inner Features
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX

Contact Pitch E 0.50 BSC
Contact Pad Spacing C1 3.00
Contact Pad Spacing C2 4.50
Contact Pad Width (X24) X1 0.30
Contact Pad Length (X24) Y1 0.80
Contact Pad Length (X7) Y2 0.65
Contact Pad Width X3 0.20
Exposed Pad Length X4 1.41
Exposed Pad Width Y4 0.40
Exposed Pad Width X5 0.43
Exposed Pad Length Y5 2.40
Terminal to Exposed Pad X6 0.20
Terminal to Exposed Pad Y6 0.50
Terminal to Exposed Pad Y7 0.20
Thermal Via Diameter V 0.30
Thermal Via Pitch EV 1.00

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during
reflow process

Microchip Technology Drawing C04-3220 Rev A
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APPENDIX A: REVISION HISTORY

Revision B (March 2021)

The following is the list of modifications:

1. Added edits to incorporate the AEC-Q104
qualification.

Revision A (May 2020)

« Initial release of this document.
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. X XX — XX XXX Examples:
. J ti —|_ —|— L a) MIC33M350YMP-TR: Extended Temperature,
Device Ter;lngrlact)tr}re Package Tape and Reel Qualification 24-Lead QFN package,
ange Option(" Tape and Reel
b) MIC33M350YMP-VAO: Extended Temperature
24-Lead QFN package,
Device: MIC33M350 Tape and Reel,

Automotive Qualified
c) MIC33M350YMP-TRVAO:  Extended Temperature,

#::‘ctlon Y = -40°C to +125°C (Extended) 24-Lead QFN package,

perature

Range: Tape and Reel,
Automotive Qualified

Package: MP = QFN (Plastic Quad Flat, No Lead Package)

Tape and Blank = Tube

Reel Option: TR = Tape and Reel . o .
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.

Qualification: Blank = Tube
VAO = AEC-Q104 Automotive Qualification
Vxx = AEC-Q104 Automotive Qualification; custom device,
additional terms or conditions may apply.
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Note the following details of the code protection feature on Microchip devices:

. 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 and under normal conditions.

. There are dishonest and possibly illegal methods being used in attempts to breach the code protection features of the Microchip
devices. We believe that these methods require using the Microchip products in a manner outside the operating specifications
contained in Microchip's Data Sheets. Attempts to breach these code protection features, most likely, cannot be accomplished

without violating Microchip's intellectual property rights.

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

. 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. 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 is provided for the sole
purpose of designing with and using Microchip products. Infor-
mation 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.

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

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDI-
RECT, SPECIAL, PUNITIVE, INCIDENTAL OR CONSEQUEN-
TIAL 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
ORITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF
ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP
FOR THE INFORMATION. Use of Microchip devices in life sup-
port 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.
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