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General Description
The PMC1302 is a high efficiency synchronous

monolithic step-down switching regulator with
integrated internal high-side and low-side
MOSFETSs. It provides up to 2A output current
with peak current mode control for fast loop
response.

The PMC1302 operates over a wide input voltage
range from 3.0V to 36V with only 30pA low
quiescent current.

Standard features include thermal shutdown,
UVLO, enable (EN) control and power good (PG)
indicator.

During the overload or output short circuit, the
cycle by cycle current limit and hiccup protection
are provided. Thermal shutdown provides reliable

and fault-tolerant operation.

Copyright © MetaWells Co., Ltd. All rights reserved.

Rev.1.0

PMC1302

Features

4 Wide Input Voltage Range: 3.0V to 36V

& 410kHz Switching Frequency

¢ 2A Output Current Capability

& Low Operating Quiescent Current: 30pA (Typ.)
From 12V to 3.3Vour

& *1.5% 1V Reference Over -40°C~125°C

¢ Peak Eff. >95% (Typ.) From 12V\\ to 5Vour

4 Minimum On Time: 40ns (Typ.)

4 Internal Compensation

& Precision Enable

4 Cycle by Cycle Current Limit and Hiccup When
Overload or Short Circuit

¢ Thermal Shutdown and Auto Recovery

Applications

*

Consumer systems: Robotic Vacuum Cleaner,
Drone.

Battery Powered System: Power Tools, Home
Appliance, GPS Tracker etc.

Industrial and Medical Power Supplies
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Ordering Information

Ordering Information

Order number Marking ID Package Description
PMC1302AJA8 A1DNN TSOT23-8 Halogen free RoHS compliant in T/R,3,000 pcs/Reel
Note:

(1) MetaWells can meet RoHS 2.0/REACH requirement. So most package types MetaWells offers only states halogen free, instead of lead free.

Marking Information

Marking Package

Definition

A1DNN TSOT23-8

A1: Product code;D:Date code ;NN: Serial number

Copyright © MetaWells Co., Ltd. All rights reserved. Rev.1.0
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Typical Application
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Fig.1 Schematic Diagram Fig.2 Efficiency vs. Output Current

Pin Configuration

PG| 1 8 |FB
IN| 2 7 |VCC

SW| 3 6 |EN
GND | 4 5 |BST

TSOT23-8 (Top View)
Pin Functions

Table 1. PMC1302 TSOT23-8 Pin Description

No. Pin Type!” | Description
1 PG I/0 Power Good Signal
2 IN P Input Voltage
3 SW 1/0 Switching Node Output
4 GND G Power Ground
5 BST 1/0 Bootstrap Supply Voltage
6 EN | Enable Input
7 VCC (0] Internal Supply for Control Circuits
8 FB | Feedback Voltage

(1) G = Ground, | = Input, O = Output, P = Power
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Absolute Maximum Ratings
Parameter Min Max Units
VIN, EN to GND -0.3 42
FB to GND -0.3 5.5
Input V
PG to GND -0.3 6
BST to SW -0.3 5.5
VCC to GND -0.3 6
Output \%
SW to GND -0.3 42
Ty Junction temperature -40 150 o
Ts Storage temperature -55 150

Recommended Operating Conditions

Parameter Min Max Units
VIN 3.0 36

Buck Regulator SW 36 \%
FB 0 5
EN 0 36

Control \Y
PG 0 5

Output VOUT 0 24 \

Ty Junction temperature -40 125 °C

ESD Ratings

Symbol Definition Value Units
HBM +2000

VEsp \Y
CDM 1750

Copyright © MetaWells Co., Ltd. All rights reserved. Rev.1.0 4
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Electrical Characteristics

Limits apply over the recommended operating junction temperature 25°C, unless otherwise stated. Minimum and

Maximum limits are specified through test, design or statistical correlation. Typical values represent the most likely
parametric norm at Ty = 25°C, and are provided for reference purposes only. Unless otherwise stated the following
conditions apply: Vin = 12 V. Vour is converter output voltage.

Symbol Parameter Condition Min Typ Max Units
Isp Shutdown Supply Current Ven=0V 8 HA
la Non-Switching Quiescent Current Ves=1.05V 20 uA
Roson_H High Side MOSFET ON Resistance 105 190 mQ
Rbson_L Low Side MOSFET ON Resistance 65 135 mQ
like sw Switch Leakage Ven=0v, 1 UA
Vsw=12V
lLmit_H High Side MOSFET Current Limit (" 25 3.5 4.8 A
lumr_L Low Side MOSFET Current Limit (") 2 A
fsw Switching Frequency 350 410 470 kHz
fes Fold-Back Frequency Ves<700mV 210 280 350 kHz
Dwmax Maximum Duty Cycle }(/)'::/,]OAUFQV’ 96 98.5 %
Ton_mMIN Min. Turn On Time 40 ns
VEs Feedback voltage 0.985 1.00 1.015 Vv
lrs Current into FB pin Ves=1V -100 100 nA
VEN_H Enable High Threshold 1.185 1.235 1.285 \Y
Ven_L Enable Low Threshold 0.95 1.03 1.09 \Y,
VEN_HYS Enable Hysteresis Threshold 205 mV
VEN_LkG Enable Pin Leakage Current Ven=2V -0.6 nA
Rising Threshold 2.85 3 Vv
ViN_uv Under Voltage Lockout Thresholds Falling Threshold 22 2.65 \Y,
Hysteresis 200 mV
Internal Power Supply ﬁg:::ll(\)lmA 3.32 3.5 3.68 \%
Vce
VCC Load Regulation ORI 15 3 %
Tss Internal Soft-Start Time 2 5 9 ms
Tsp Thermal Shutdown 165 °C
Tsp_Hys 15 °C
Ve R Power Good Threshold Rising % of Vs 91 94 97 %
Vpe_F Power Good Threshold Falling % of Vs 89 92 95 %
PGutn_nvs PG Threshold Hysteresis % of Vs 2 %
tre Power Good Glitch Filter Delay 40 130 160 Js
Rec PG Pull-Down Resistance Ven=aV % 250 Q
Ven=0V 85 200
lke_Pc PG Leakage Current 100 nA

(1) The current limit values in this table are tested, open loop, in production. They may differ from those found in a closed loop application.

Copyright © MetaWells Co., Ltd. All rights reserved.
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Functional Diagram
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Fig.3 Functional Diagram
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Typical Characteristics

Unless otherwise specified the following conditions apply: Vin = 12V, fsw = 410kHz, L = 10uH, Cout = 44uF,
T,=25°C
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Product Overview

The PMC1302 is a synchronous, step-down, switching regulator with integrated high-side and low-side power
MOSFETs. The PMC1302 can provide 2A of output current with very high efficiency from light load to full load, The
PMC1302 features a wide input voltage from 3.0V to 36V, switching frequency 410 kHz. The internal soft start limits
inrush current during power on. The PMC1302 also integrated compensation circuit inside the chip to simplify the
loop design. Another highlighted feature is Its very low operational quiescent current which makes it suitable for
battery powered applications.

Light Load Operation

The PMC1302 utilizes advanced Pulse Frequency Modulation (PFM) control to improve efficiency in light load
working condition. When the loading current decreases, the device approaches discontinuous conduction mode
first and the COMP voltage decreases accordingly. The low-side power switch is turned off when the zero current
detection is triggered to improve system efficiency. When the COMP voltage drops to the low clamped threshold
voltage, the device will skip pulse and decrease switching frequency by extend the non-switching period. During
this period, the output voltage decreases due to load current or capacitor discharge. The high-side power switch
will resume to turn on once the COMP voltage is higher than the threshold. The device will try to obtain few
switching pulses with minimum peak inductor current to reduce the output ripple and the COMP voltage will drop to
the clamped value again and trigger another non-switching period.

Soft-Start with Pre-Biased Capability

The PMC1302 implements a soft-start circuits to prevent the inrush current during start up. The soft start time is
fixed internally. When the start-up period begins, the output voltage slowly ramps up. The PMC1302 also supports
a monotonic start-up with pre-biased loads. If output voltage is pre-biased to a certain value during start-up, the
device disables switching for both high-side and low-side power switches until soft-start reference voltage exceeds
the feedback voltage.

Over-Current Protection and Hiccup Mode

The PMC1302 has cycle-by-cycle over current limit when the inductor current peak value exceeds the set current
limit threshold. If, during current limit, the voltage on the FB input falls below about 0.5 V due to a short circuit, the
device enters into hiccup mode. In this mode, the device stops switching for about 30 ms and then goes through a
normal re-start with soft start. If the short-circuit condition remains, the device runs in current limit for about 5 ms
(typical) and then shuts down again. This cycle repeats as long as the short circuit-condition persists. This mode of
operation helps reduce the temperature rise of the device during a hard short on the output. The output current is
greatly reduced during hiccup mode. Once the output short is removed and the hiccup delay is passed, the output
voltage recovers normally.

Low Drop-out Mode

As the duty cycle is increasing, where the input voltage approaches the output voltage level, the required off time of
high-side power switch will approach its minimum off time. When the minimum off time is reached, the PMC1302
will automatically extend the high-side on time and reduce the switching frequency. The device can realize 98.5%
max duty cycle in drop-out condition. In this condition, the dropout voltage difference between input and output is
influenced by the on-resistance of power switch, the DCR of power inductor, and the maximum duty cycle achieved.

Minimum On Time

As the duty cycle is decreasing, where the conversion ratio is very low, the required on time of high-side power
switch will approach its minimum on time. The PMC1302 features typical 40ns ultra-low minimum on time and can

Copyright © MetaWells Co., Ltd. All rights reserved. Rev.1.0 9



metawells PMC1302

support smaller duty cycle for high frequency power systems. Also, the device can automatically reduce the
switching frequency, when the minimum on time is reached.

Power Good

The device employs an open-drain output PGOOD signal to check whether the output voltage is operating within
the normal range. The external pull up voltage resource is recommended to be less than 5V (such as VCC) with a
100kQ resistor. Once the feedback voltage is within the 92% and 107% of internal reference voltage, the PGOOD
pull-down will be disabled and pulled up by the externally resistor. Once the feedback voltage is lower than 92% or
greater than 107% of internal reference voltage, the PGOOD will be pulled low. To prevent glitching both the upper
and lower thresholds include about 2% of hysteresis. Also, if UVLO, over temperature protection or EN pin is pulled
low, the PGOOD will be pulled low accordingly.

Copyright © MetaWells Co., Ltd. All rights reserved. Rev.1.0 10
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Application Information

Fig. 12 shows a typical application circuit for the PMC1302. Thanks to the high integration in the PMC1302, the
application circuit based on PMC1302 only need input capacitor, output capacitor, output inductor and feedback
resistors which are needed to be selected based on applications specifications. Table 2 shows some typical
external component values.

VN 6Vio 36V

O _‘L J_ Vin BOOT 1CBOOT
Ci Chr EN/UV 0AuF Vour
10uFT T0.1uF sW 5VI2A
- GND c
- FF ResT ouT

PG DNI
RPG -[ 100kQ 2x22uF
100kQ FB L
:

VCC
RFBB

1uF I
24 .9kQ

Fig.12 Typical Application Circuit (410kHz)

Table 2. Typical External Component Values

fsw(kHz) Vout(V) L(uH) Cout Rre1(kQ) Rres(kQ) CintCur Ceoor Cvcc Crr
410 3.3 10 2*22uF 100 43 10uF+100nF 100nF 1uF DNI
410 5 10 2*22uF 100 24.9 10uF+100nF 100nF 1uF DNI

Setting Output Voltage
The external feedback resistors connected to FB sets the output voltage. The feedback resistors value can be

calculated with the below equation.

VeRerRFBT

Rppp=———
Vour—Vrer

While Resr=100kQ, Vrer=1V, Vout=5V
Calculate Rree=24.9kQ

Inductor Selection

For higher efficiency, choose an inductor with a lower DC resistance. A larger-value inductor results in less ripple
current and a lower output ripple voltage, but also has a larger physical size, higher series resistance, and lower
saturation current. A good rule for determining the inductor value is to allow the inductor ripple current to be
approximately 20% to 40% of the maximum load current. The minimum inductance value can be calculated with the
below equation.

_Vour(1-D)
MINT fowx AL

While Vour=5V, fsw=410kHz, AlL.=30%x2A=0.6A, D=5V/12V=0.417
Calculate L=10uH.

Copyright © MetaWells Co., Ltd. All rights reserved. Rev.1.0 1"
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Output Capacitor Selection

The output capacitor maintains the DC output voltage. Ceramic, tantalum, or low ESR electrolytic capacitors are
recommended. For best results, use low ESR capacitors to keep the output voltage ripple low. The output voltage
ripple can be estimated with equation. Generally, required the output voltage ripple is less than 1% of the output
voltage.

Vour*(1-D)

8%fsn*xLxCoyr

AVour=

Input Capacitor Selection

The input capacitor can be electrolytic, tantalum, or ceramic. When using electrolytic or tantalum capacitors, add a
small, high-quality ceramic capacitor (like X7R,COG etc.) as close to the IC as possible. When using ceramic
capacitors, ensure that they have enough capacitance to provide a sufficient charge to prevent excessive voltage
ripple at the input. From the below equation, can easily calculate the input voltage ripple. Generally, required the
input voltage ripple is less than 10% of the input voltage.

. loDx(1-D)
N faxCry

Crr Capacitor Selection

When some cases need improvement of load transient response or the margin of loop-phase, a feedforward
capacitor can be used across RFBT, especially when values of RFBT > 1000kQ are used. The minimum
capacitation value can be calculated with the below equation:

Cour*Vour

Crr<
Rpgp

110xR X [—————
FBT™ | Rppr+Rppp

Bootstrap Capacitor Selection

A bootstrap capacitor connected between the BOOT pin and the SW pin. This capacitor stores energy that is used
to supply the gate drivers for the internal MOSFETs. A ceramic capacitor of 0.1uF and 16V voltage rating is
required.

VCC Capacitor Selection

The VCC pin is the output of the internal LDO used to supply the control circuits of the converter. This output
requires a ceramic capacitor connected from VCC to GND for proper operation. It is highly recommended placing a
ceramic capacitor of 1uF and 16V voltage rating. In general, avoid loading this output with any external circuitry.
However, this output can be used to supply the pullup for the PGOOD function. The nominal output voltage on VCC
is 3.5V. Do not short this output to ground or any other external voltage. Also, if over temperature protection or EN
pin is pulled low, the VCC pin output will be low.

EN Resistor Selection

The PMC1302 has undervoltage lockout feature with default rising threshold of 2.85 V. It can be adjusted by using
EN pin with external resistor divider. The UVLO threshold integrates a 200mV hysteresis to make a desired
hysteresis for input voltage.

Copyright © MetaWells Co., Ltd. All rights reserved. Rev.1.0 12
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VuvLo r is the desired system level undervoltage protection rising threshold voltage, Vuvio F is the desired system
level undervoltage protection falling threshold voltage. The RENT and RENB value can be calculated with the
below equation

Rent
Voveo RR(——%—)*VEnr
= "RpnttREng

Rent
V, =(—————)x(Vegnp—0.2
vvro F=( Jry— RENB) (Venr—0.2)

Copyright © MetaWells Co., Ltd. All rights reserved. Rev.1.0 13
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Application Waveforms

Unless otherwise specified the following conditions apply: Vin = 12V, Vour = 5V, fsw = 410kHz, L=10uH, Cout =44uF,
Ty =25°C.

20ms/div 10us/div

| Vour(AC NN INC NN VOU:‘/;C :’,\ AN ff\ ff\ ANSEEAS
=3 \ANANANANANANA | ESNANVAN/AVANVAN/AY
| : : A A Al A A

i b N

¥ ' = ]

i

B =HEEH | ' L;ZQJU&»JU”JUW*J«“’JWW

Fig.13 Steady State at l.oap=0A Fig.14 Steady State at lLoap=100mA

;i ‘ 2ps/div ¥ 2ms/div
Vout(AC) .

L SIAAAANANAIA

Al

| [t
S N - Lt q_J N [ .l
Fig.15 Steady State at lLoan=2A Fig.16 Startup through Vi at lLoao=0A
' | . 2msidiv 4 d 20ms/div
/-—"!"_ \
| Vin
Vin il [ ‘ ‘ k ‘ | [ 5Vidiv
5 =T |
Vour 2 VopT
- m—/'w ‘ ’ I
I v | -~ . a— 500mA/div
swW sw
L 10V/div : owl | 1] 1] r__ - 10V/div
Fig.17 Startup through Vi at lLoao=2A Fig.18 Shutdown through Vy at lLoao=0A
' ‘ 100us/div | ' 4ms/div
“\\ ‘ EN §
2V/div
VopT ‘ ‘ |
AT I
v |
4 o T I I
Fig.19 Shutdown through Vi at lLoap=2A Fig.20 Startup through EN at lL.oap=0A

Copyright © MetaWells Co., Ltd. All rights reserved. Rev.1.0 14



"

metawells

A PANJIT Company

PMC1302

4ms/div 200ms/div
. y
EN
ZE\/Zliv /f | o X 2V/di [
Vour ~ Vour
2Vidiv i
' s neenen nemmm 4111 |
2I/-\/div J" 111 LI(;OmA/div
sw | T ARFRRTN sw
Kz A RIALLL vy ™

Fig.21 Startup through EN at lL.oap=2A

Fig.22 Shutdown through EN at lL.oap=0A

l Y 40us/div | ‘ 20ms/div
EN i |
- 2vidy Vour T #
—2V/div jaq Lﬂﬂ L=
\\:\'\ :\//%QT ‘ H H r
WMWW i I : | " ! |
.. i : I il;\/div )
N | ‘ 500mA/div PR ‘
[ S| EXUE N B
Fig.23 Shutdown through EN at I 0ap=2A Fig.24 Short Circuit Protection at lo=0A
: 20ms/div 20ms/div
| 1 L ;\//%T_ [y | 1 n-n pe [
o oy
| N I — o - o]

SwW
10Vidiv

L1

L

Fig.25 Short Circuit Protection at lo=2A

Fig.26 Short Circuit Steady

Vout
2Vidiv

[

20ms/div

&

Vour

I~ 20ms/div

- 2Vidiv

b

—

2=

2A/div

T p—

Sw

10V/div

5]
1

1

Fig.27 Short Circuit Recovery at lo=0A

Copyright © MetaWells Co., Ltd. All rights reserved.

Fig.28 Short Circuit Recovery at l0=2A

Rev.1.0

15



metawells

A PANJIT Company

PMC1302

[ [1
Vour(AC)

100mV/div

lout
1A/div

10V/div

. = —_——— .
100us/div ViN 100ms/div
T ‘\% | 5V/div 12V \
W e | S 4v: v ;
| V| | I Vour
{ F o ovidiv ? .
|
5 . [ e
2A/div |
<
Sw
‘ \ ‘ | I

Fig.29 Load Transient at lLoap from 1A to 2A,

1.6A/us

Vin

5Vidiv 1

Vour

= —1 | i
2V ‘ -
' : f v

100ms/div

2V/div

Fig.31 Cold-Crank at Vour=5V, lout=2A

100

90 e
[E—
<)
s
> 804
(&}
{ =4
o
&
w 70
601
— 8V
— 12V
—_—24V
50 — 36V
0.0 0.5 1.0 1.5

Load Current (A)

2.0

Fig.33 Efficiency VS.Load Current at Vour=5V

1.0

0.8

0.6

04

I

Line Regulation (%)
o
o

-02
—

—04

—06
-0.8 — lioap=0A
ILOAD=1A
-10 | | I ‘ lionp=2A
10 15 20 25 30 35

Input Voltage (V)

Fig.35 Line Regulation VS.Input Voltage at Vour=5V

Copyright © MetaWells Co., Ltd. All rights reserved.

Rev.1.0

Efficiency (%)

Load Regulation (%)
o
o

901

80

70

60

—_— 8V
—12V
—_—24V
—36V

1.0
Load Current (A)

) 2.0

Fig.32 Efficiency VS.Load Current at Vour=3.3V

1.0

0.8+

0.6+

0.4

0.2

10

Load Current (A)

Fig.34 Load Regulation VS.Load Current at

Vin=12V

16



metawells

A PANJIT Company

PMC1302

PCB Layout Guidelines

PCB layout is critical for stable operation of switching regulator PMC1302, especially for thermal design and EMI
design. For best results, please refer to Fig. 36 and follow the guidelines below.
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Fig.36 Layout Example
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Place a low ESR ceramic capacitor as close to VIN pin and the ground as possible.

Make sure top switching loop with power have lowest impendence of grounding.

Use a large ground plane to connect to GND directly. And add vias near GND.

Output inductor should be placed close to the SW pin to minimize the SW area.

The FB terminal is sensitive to noise so the feedback resistor should be located as close as possible to the IC.

Keep the connection of the input capacitor and VIN as short and wide as possible.
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Package Information

Tape and Reel Information
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Fig.37 TAPE and Reel Information
. A0 BO KO P PO W Pin1 .
Device Package Type (mm) | (mm) | (mm) | (mm) | (mm) | (mm) G T Quantity
PMC1302 TSOT23-8 3.26 | 3.30 | 1.05 | 400 4.00 8.00 Q3 3500

(1) All dimensions are nominal
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Package Outlines
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Fig.38 TSOT23-8 Package
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Version History
Version Date Changes
Rev.1.0 2026-04-21 Initial release
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Disclaimer

MetaWells Co., Ltd. and all other MetaWells Co., Ltd. trademarks are the exclusive property of MetaWells Co.,
Ltd.. Any mention of additional trademarks or registered trademarks in this document is made in
acknowledgment of their respective owners.

Without the consent of MetaWells Co., Ltd. , any modification to any part or subsection of the company's
product specifications and datasheets is strictly prohibited in any form or manner. MetaWells Co., Ltd.
reserves the rights to make changes of the content herein the document follow PCN procedure. Please refer
to our website for latest document. It is recommended that customers obtain the latest version of relevant
information and verify its timeliness and completeness before placing an order. All products are sold in
accordance with the terms and conditions provided in the sales contract at the time of order confirmation,
which includes warranty scope, intellectual property rights, and liability limitations.

During the sales period, MetaWells Co., Ltd. guarantees that the performance of the products will be in
accordance with the company's standard warranty. The company utilizes testing and other quality control
techniques to ensure the necessity to maintain this warranty. Except for government-mandated requirements,
there is no need for special testing of measurement tables or other instruments.

Customers must acknowledge that our products are not intended or manufactured for use in life support
systems or other high-risk activities or environments. The utilization of our products in such applications may
lead to severe consequences, including personal injury, loss of life, property damage, or environmental harm.
Our products are explicitly not warranted for deployment in high-risk activities, and we shall bear no
responsibility towards customers or third parties for such usage.

MetaWells Co., Ltd. commits to providing technical support, assistance, advice, and information, in line with
our current capabilities, including guidance related to the design, development, or debugging of purchased
boards or other applications. However, we hereby disclaim all warranties concerning technical support,
merchantability, or fithess for a particular purpose. We do not guarantee the error-free operation of boards or
applications in conjunction with our support services, and we shall not be held liable for any consequences
arising from the utilization of our support services.
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