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SGMICRO

SGM61264
4.5V to 28V Input,

6A Synchronous Buck Converter

GENERAL DESCRIPTION

The SGM61264 is a high efficiency synchronous Buck
converter with integrated 25mQ high-side and 11mQ
low-side power MOSFETs and a wide 4.5V to 28V input
range suitable for 12V, 19V, 24V power rails. It supports
a wide output range from 0.6V to 13V with up to 6A
current load.

With adaptive constant on-time (ACOT) control, the
SGM61264 provides the very fast load transient
response and excellent output regulation. It also does
not require external compensation and supports low
equivalent series resistance (ESR) output capacitors.

The SGM61264 supports three operating modes at
light load by configuring the resistor Rmobe connected
between the MODE pin and AGND. The SGM61264
operates in FCCM mode with the MODE pin floating or
a Rwope 2 500kQ connected to AGND, which provides a
low output voltage ripple at light load. To maintain high
efficiency at very low load condition, SGM61264
provides PFM mode with MODE pin short to AGND or
Rwmope £ 10kQ connected to AGND. SGM61264 is set to
USM (Ultra-Sonic Mode) to eliminate audible noise in
light load with Rmope between 100kQ and 150kQ range.

Protection features of the SGM61264 include the cycle
by cycle current limit, under-voltage lockout (UVLO),
over-voltage protection (OVP), output under-voltage
protection (UVP) and over-temperature protection
(OTP). The SGM61264 provides power good (PG)
indicator to monitor the output and IC status and it also
supports the output discharge function.

The SGM61264 is available in a Green TQFN-3x3-10L
package.

FEATURES

e Wide 4.5V to 28V Input Voltage Range

e 0.6V to 13V Output Voltage Range

® 65uA Quiescent Current and 3.5uA Shutdown
Supply Current

¢ 6A Maximum Continuous Output Current

® | ow Rpson MOSFETs (HS 25mQ and LS 11mQ)

® 0.6V Reference Voltage and *1.5% accuracy from
-40°C to +150°C

e Adaptive Constant On-Time (ACOT) Control Mode
for Fast Transient Response

¢ PFM, USM and FCCM Selectable for Light Load

Operation

Internal 2ms Soft-Start

Built-in Output Discharge Function

540kHz Switching Frequency

Power Good Indicator

Input Under-Voltage Lockout (UVLO)

Cycle-by-Cycle Over-Current Limit Protection

Hiccup Mode Protection for OVP and UVP

Over-Voltage Protection (OVP)

Output Under-Voltage Protection (UVP)

Over-Temperature Protection (OTP)

Available in a Green TQFN-3x3-10L Package

APPLICATIONS

Multi-Function Printer

TV

Factory Automation and Control

General Purposes for 12V, 19V, 24V Power-Bus Supply

SIMPLIFIED SCHEMATIC
TVIN BOOT

I o—EN sw
L SGM61264
o—{nc PG
MODE FB
AGND PGND.

Figure 1. Simplified Schematic
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SGM61264

4.5V to 28V Input,
6A Synchronous Buck Converter

PACKAGE/ORDERING INFORMATION

SPECIFIED

PACKAGE ORDERING PACKAGE PACKING
MODEL | nhescRIPTION TEMRPEEQEURE NUMBER MARKING OPTION
61264
SGMB1264| TQFN-3x3-10L | -40°C to +150°C |SGM61264TTUS10G/TR|  TTUS10 Tape and Reel, 4000
XXXXX

MARKING INFORMATION

NOTE: XXXXX = Date Code, Trace Code and Vendor Code.
XXX XX

Vendor Code

Trace Code
Date Code - Year

Green (RoHS & HSF): SG Micro Corp defines "Green" to mean Pb-Free (RoHS compatible) and free of halogen substances. If
you have additional comments or questions, please contact your SGMICRO representative directly.

ABSOLUTE MAXIMUM RATINGS

VIN Voltage........coccoviiiiiiiiiiiiee e -0.3V to 32V
BOOT Voltage .....coovvveeiieeiiieiiee e -0.3V to SW + 6V
BOOT-SW Voltage .......ccccoveeiieriiienieenieeniee e -0.3V to 6V
EN, FB, MODE Voltage ..........ccccvvvveeeeeeiicirinen.. -0.3Vto 6V
PGND, AGND ......cooiiiiiiiiiie e -0.3V to0 0.3V
SW Voltage......ccoeveeviiiiiiiiieee e -0.3V to 32V
SW (Less than 10ns) Voltage...........cccccoeeeeiinnneen. -4V to 34V
VOUT Voltage......ccouveeeiieiiiiiiieeee e -0.3V to 16V
PG Voltage ........coooiiiiiiiiiieeeee e -0.3V to 6V
Package Thermal Resistance

TQFN-3%3-10L, BUA ..eeeiieirrieiieenieeeee e 64.5°C/W

TQFN-3%3-10L, BUB ...eeeveerriiiieerree e 6.1°C/W

TQFN-3%3-10L, BUC..veeiveeririeiiieiiie e 49.1°C/W
Junction Temperature..........cccoeceveiiieeeinieec e +150°C
Storage Temperature Range..............c......... -65°C to +150°C
Lead Temperature (Soldering, 10S).........cccvvveveeeeennnns +260°C
ESD Susceptibility
HBM . +2000V
CDM e s +1000V
NOTES:

1. For human body model (HBM), all pins comply with
ANSI/ESDA/JEDEC JS-001 specifications.
2. For charged device model (CDM), all pins comply with
ANSI/ESDA/JEDEC JS-002 specifications.

RECOMMENDED OPERATING CONDITIONS

VIN Voltage .........oooiieiiiiiiiiee e 4.5V to 28V
BOOT Voltage ......ccceeeiueeiriiieiieeriieeiee e 4.5V to 33.5V
BOOT-SW Voltage ........ccovveieiiiiiinieeiiceee -0.1V to 5.5V
EN, FB, MODE Voltage.........cccccceeveiinicennnnne -0.1V to 5.5V
PGND, AGND......ccciiiiiiiiieeee e -0.1V t0 0.1V
SW VoA ....ovvvveeeeecieeiee e -0.1V to 28V
PG Voltage........coooiiiiiiiieeiiiee e -0.1V to 5.5V
VOUT Voltage ....eeeeeeeeeeiiiiiiieee e -0.1V to 13V

Operating Junction Temperature Range ..... -40°C to +150°C
OVERSTRESS CAUTION

Stresses beyond those listed in Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to
absolute maximum rating conditions for extended periods
may affect reliability. Functional operation of the device at any
conditions beyond those indicated in the Recommended
Operating Conditions section is not implied.

ESD SENSITIVITY CAUTION

This integrated circuit can be damaged if ESD protections are
not considered carefully. SGMICRO recommends that all
integrated circuits be handled with appropriate precautions.
Failure to observe proper handling and installation procedures
can cause damage. ESD damage can range from subtle
performance degradation to complete device failure. Precision
integrated circuits may be more susceptible to damage
because even small parametric changes could cause the
device not to meet the published specifications.

DISCLAIMER

SG Micro Corp reserves the right to make any change in
circuit design, or specifications without prior notice.
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SGM61264

4.5V to 28V Input,
6A Synchronous Buck Converter

PIN CONFIGURATION

(TOP VIEW)
MODE PGND VIN
0] | f
EN| 1 (@ .
------ - VIN
9 8 | ]
FBl2: + & 0 VIN
AGND | 3| L vin
PG| 4!
5 | 6l 7]
NC SW BOOT
TQFN-3%x3-10L
PIN NAME TYPE FUNCTION
1 EN Al Enable Input Control. Driving EN high or leaving this pin floating enables the converter. A
resistor divider can be used to imply an UVLO function.
2 FB Al Output Feedback Input. Connect FB to the tap of an external resistor divider from the output to
AGND to set the output voltage.
3 AGND P Ground of Internal Analog Circuitry. Connect AGND to PGND plane at a single point.
Open-Drain Power Good Indicator. It is asserted low if output voltage is out of PG threshold
4 PG AO due to over-voltage, under-voltage, thermal shutdown, EN shutdown or during soft-start. Pull
up PG pin to a DC voltage (< 5V) through a 100kQ pull-up resistor, such as Vour or an
external DC supply.
5 NC — Not Connected. Keep this pin floating.
6 SW = Switching Node Terminal. Connect the output inductor to this pin with wide and short tracks
and act as the return path for the high-side switch high bootstrap circuit.
7 BOOT P Supply Input for the Gate Drive Voltage of the High-side MOSFET. Connect a 0.1uF bootstrap
capacitor between BOOT and SW.
8 VIN = Input Voltage Supply Pin. Drain terminal of high-side MOSFET. Connect the input decoupling
capacitors of 100nF between VIN and PGND.
9 PGND P Power GND Terminal. Source terminal of low-side MOSFET.
Operation Mode Selection Pin. Leaving this pin floating or connecting a resistor Rmope =
500kQ between MODE pin and AGND forces the SGM61264 into FCCM. Connecting this pin
10 MODE Al to AGND or connecting a resistor Rmope < 10kQ forces the SGM61264 into PFM under light

load. Connecting a resistor Rmope (100kQ to 150kQ) from this pin to AGND enables
Ultra-Sonic Mode (USM), which ensures at least 33kHz switching frequency at light load.

NOTE: Al = analog input, AO = analog output, P = power or ground.
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SGM61264

4.5V to 28V Input,

6A Synchronous Buck Converter

ELECTRICAL CHARACTERISTICS

(Vin=4.5V to 28V and T,y = -40°C to +150°C, all typical values are measured at Ty = +25°C and Vin = 12V, unless otherwise noted.)

PARAMETER | symBoL | CONDITIONS | min | TP | mAX | uNiTs
Supply Current
Quiescent Current, Operating at PFM Mode la Ves = 0.7V, MODE = AGND 65 MA
Shutdown Supply Current lsp Ven =0V 3.5 MA
Under-Voltage Lockout
Vuvio rising | Vin rising 3.9 4.2 4.5 \Y
Vi Under-Voltage Lockout Vuvio racuine | Vin falling 3.4 3.7 4.0 \%
Vuwo vys | Hysteresis Vi voltage 500 mV
Enable (EN Pin)
EN Input Current len npur | Ven = 1.1V 1 uA
EN Hysteresis Current len_Hys Ven = 1.3V 4 pA
Enable Threshold Venon |ENfising 12 | 13 v
Ven ore | EN falling 1.0 1.1 \Y
Voltage Reference (FB Pin)
Voltage Reference Vrer Continuous mode operation 0.592 | 0.600 | 0.608 \%
Input Leakage Current at FB Pin like F8 Ves = 0.6V -1 1 MA
MOSFET
High-side Switch Resistance Rbson Vin =12V, Vpoor - Vsw = 5V 25 mQ
Low-side Switch Resistance Rosont  |[ViN=12V 11 mQ
Current Limit
Valley Current Limit locL Vin =12V, Vour = 5V, L = 3.3uH, close loop 6.3 8.5 10.6 A
Reverse Current Limit for FCCM Mode loc_rev Vin =12V, Vour = 5V, L = 3.3uH, close loop 2.3 3.8 5.4 A
Power Good
PG Lower Threshold (Falling) ™" Vec_tow on | Ves falling, % of Vrer 85
PG Lower Threshold (Rising) " Ve Low up | Vrs rising, % of Vrer 90 %
PG Upper Threshold (Falling) Ve rigH on | Ves falling, % of Vrer 102 110 118
PG Upper Threshold (Rising) Vpae HicH up | Ves rising, % of Vrer 107 115 123
PG Sink Current Ipasink Veg = 0.5V, Vpg = 0.5V 1.6 mA
PG Leakage Current lpaik Vpg = 5.5V -1 1 uA
Frequency
Switching Frequency fsw Vour = 5V, continuous mode operation | | 540 ‘ ‘ kHz
Output Under-Voltage and Over-Voltage Protection
Output OVP Threshold Vove OVP detect (Vs rising) 125 %
Output OVP Threshold Hysteresis " Vovp_Hys 3.5
Output UVP Threshold ( Vuve Hiccup detect (Vg falling) 65 %
Thermal Shutdown
Thermal Shutdown Threshold Tso Temperature rising 165 .
Thermal Shutdown Threshold Hysteresis Thys 30 c
SW Discharge Resistance
Vour Discharge Resistance Rois | Ven =0V, Vey = 0.5V | | 192 | 250 | @
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4.5V to 28V Input,
SGM61264 6A Synchronous Buck Converter

ELECTRICAL CHARACTERISTICS (continued)

(Vin = 4.5V to 28V and T, = -40°C to +150°C, all typical values are measured at Ty = +25°C and Vin= 12V, unless otherwise
noted.)

PARAMETER | symeoL | CONDITIONS | MmN | TYP | mAX |UNITS
On-Time Timer Control
Minimum On-Time ton_ MmN 50 ns
Minimum Off-Time () torr min | Ves = 0.5V, measure SW at Viy = 12V 200 ns
Soft-Start
Soft-Start Time tss Regulation range from 0% to 100% | ‘ 2 | ‘ ms
Output Under-Voltage Protection
UV Protection Deglitch Time tuve war | UV triggered (Veg lower than 65% Vrer) 0.25 ms
(L1])V Protection Hiccup Time before Recovery tovp HicouP o5 ms

NOTE:
1. Not production tested. Ensured by design and engineering sample correlation.
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SGM6

1264

4.5V to 28V Input,

6A Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS

Ta=+25°C, ViN =12V, Vour =5V, L = 3.3uH (DCR = 5.2mQ), EN = floating, fsw = 540kHz, and Cout = 22uF x 2, unless otherwise

noted.
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SGM61264

4.5V to 28V Input,
6A Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta=+25°C, ViN =12V, Vout =5V, L = 3.3uH (DCR = 5.2mQ), EN = floating, fsw = 540kHz, and Cout = 22uF x 2, unless otherwise

noted.
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SGM61264

4.5V to

28V Input,

6A Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta=+25°C, ViN =12V, Vour =5V, L = 3.3uH (DCR = 5.2mQ), EN = floating, fsw = 540kHz, and Cout = 22uF x 2, unless otherwise

noted.
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4.5V to 28V Input,
SGM61264 6A Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta=+25°C, ViN =12V, Vout =5V, L = 3.3uH (DCR = 5.2mQ), EN = floating, fsw = 540kHz, and Cout = 22uF x 2, unless otherwise
noted.
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™~ < <
Vin o Vin fon
< <
a
< N
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=N N
> 2
I a I o
lour =0A | < lour = 0A |
Time (10ms/div) Time (2us/div)
Steady State (USM) Load Transient (PFM)
< AC Coupled a
AC Coupled g g
Vour¥] _.J 1 I \ f l [- S Voyr it "'H'*T W &
- e 2 =
V|N i §
<
a _
< [=)
g <
< =N
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Time (200us/div) Time (200ps/div)
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SGM61

264

4.5V to 28V Input,

6A Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta=+25°C, ViN =12V, Vout =5V, L = 3.3uH (DCR = 5.2mQ), EN = floating, fsw = 540kHz, and Cout = 22uF x 2, unless otherwise

noted.
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SGM61264

4.5V to 28V Input,
6A Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta=+25°C, ViN =12V, Vout =5V, L = 3.3uH (DCR = 5.2mQ), EN = floating, fsw = 540kHz, and Cout = 22uF x 2, unless otherwise

noted.
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4.5V to 28V Input,
SGM61264 6A Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta=+25°C, ViN =12V, Vout =5V, L = 3.3uH (DCR = 5.2mQ), EN = floating, fsw = 540kHz, and Cout = 22uF x 2, unless otherwise
noted.
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SGM61264

4.5V to 28V Input,

6A Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta=+25°C, ViN =12V, Vout =5V, L = 3.3uH (DCR = 5.2mQ), EN = floating, fsw = 540kHz, and Cout = 22uF x 2, unless otherwise

noted.
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4.5V to 28V Input,
SGM61264 6A Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta=+25°C, ViN =12V, Vout =5V, L = 3.3uH (DCR = 5.2mQ), EN = floating, fsw = 540kHz, and Cout = 22uF x 2, unless otherwise
noted.
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Figure 2. Block Diagram
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SGM61264

4.5V to 28V Input,
6A Synchronous Buck Converter

DETAILED DESCRIPTION

Overview

The SGM61264 is a 28V synchronous Buck converter
with 6A continuous output current capability, it can
provide adjustable output voltage in range of 0.6V to
13V. It adopts adaptive constant on-time (ACOT)
control, enabling fast transient response and precise
feedback voltage without the external compensation
components.

The ACOT control achieves seamless switching
between CCM under heavy load conditions and DCM
under light load conditions. The operating mode at light
load can be selected via the external MODE pin. PFM
mode can improve the efficiency under light load.
FCCM mode can decrease the output ripple and
maintain fixed switching frequency. USM mode can
eliminate audible noise at light load.

The SGM61264 supports ultra-low ESR ceramic
capacitors. It can use small-size MLCCs to achieve a
compact layout, effectively reducing PCB area,
simplifying routing, and lowering parasitic inductance.

Feature Description

UVLO

The SGM61264 implements internal under-voltage
lockout (UVLO) circuitry on the VIN pin. It can operate
above the Vin rising UVLO threshold (4.2V TYP). If falls
below the falling UVLO voltage, the device will stop
switching. If the EN pin is pulled high or floating and Vin
exceeds the rising UVLO threshold, the device will start
up with a soft-start.

Enable and Adjusting Under-Voltage Lockout
The EN pin control the power on/off of the device. The
device will enable, if the EN pin voltage exceeds the
enable threshold voltage of 1.20V (TYP). The device
will disable, if the EN voltage is externally pulled low or
the VIN pin voltage falls below its UVLO threshold.

The EN pin has an internal current source pull-up that
keeps the EN pin voltage at high state by default, it
allows the user to leave the pin floating to enable the
device. If the EN pin is pulled low externally, the
SGM61264 will enter standby mode with a typical
shutdown current of 3.5pA.

If an application requires a higher Vin UVLO threshold,
an external Vin UVLO adjustment circuit is
recommended in Figure 3. The hysteresis is preferably
higher than 500mV if the external Vin UVLO function is
used.

1.2V/1AV —

VIN
Ry lb=1pA | v =4pA
1 1
L] ’ v
EN
Rz

Figure 3. Adjustable Vin Under-Voltage Lockout

Figure 3 shows how UVLO and hysteresis are
increased using R1 and R2. The EN pin has a pull-up
current of 1uyA. When EN pin voltage exceeds Ven_on
(1.2V TYP), a 4pA additional current is injected to the
divider to provide hysteresis, and it will be removed
when EN pin voltage is below Ven_orr (1.1V TYP).

Use Equation 1 and 2 to calculate the values of R1 and
R2 for a specified UVLO threshold. Vstart is the input
start (turn-on) threshold voltage and Vstop is the input
stop (turn-off) threshold voltage. Ven Hys is the
hysteresis of Ven_on and Ven_orr. The Ven voltage can
be calculated by Equation 3 and it must be lower than
5.5V with Vin (MAX).

V,
(Vsrart— Vstor) — VEN_HYS x VSTi
R — EN_ON (1)
1 Iy + Ven_nvsX e
B VEN_ON
V
R. — EN_ON
2 I+ VSTART_ VENfON (2)
P R,
V. :RZX\/|N+R1XR2X(IP+IH) 3)
EN R, +R,

Soft-Start and Pre-Biased Soft-Start

The SGM61264 integrates an internal 2ms soft-start
(SS) function to control the output voltage ramp rate
during power up. It makes the output voltage rise up
smoothly and avoids excessive over-current.

When EN pin enables the device to operate, the
internal soft-start circuit voltage rises slowly from 0V to
0.6V and replaces the Vrer during startup for the output
voltage regulation. If a pre-bias voltage already exists
on the output capacitor during startup, the device will
not switch until the internal soft-start circuit voltage
exceeds the feedback voltage Vrs, it ensures a smooth
rise of the converter to the regulation point.
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SGM61264

4.5V to 28V Input,
6A Synchronous Buck Converter

DETAILED DESCRIPTION (continued)

The Adaptive On-Time Control and PWM Operation
The SGM61264 features adaptive constant on-time
(ACOT) pulse width modulation (PWM) controller.
ACQOT is a hysteretic mode control without clock signal.
When the internal comparator senses that the FB
voltage drops below the reference voltage, the
switching cycle will start with a relative constant on-time
pulse. The adaptive constant on-time control with an
internal compensation circuit is able to dynamically
adjust the on-time duration based on the input voltage
and output voltage to realize quasi-fixed frequency. It
maintains stability even at virtually no output ripple. The
SGM61264 features an integrated error amplifier (EA)
to avoid the average value of output voltage above the
target voltage, ensure high output voltage accuracy.
This control requires no external current sensing
network or loop compensation.

When the FB voltage falls below the reference voltage,
the internal on-timer is triggered, then the high-side
MOSFET will turn on. As the on-time expires, the
high-side will turn off. The on-time depends on the input
voltage and output voltage which is proportional to Vour
and inversely proportional to Vin. The on-timer will reset
at the next switching cycle. An internal ramp is added to
reference voltage to simulate output ripple, so it
enables to use both low-ESR and ceramic output
capacitors.

Bootstrap Voltage

To drive the high-side MOSFET, a voltage higher than
VN is needed. This voltage is provided via the bootstrap
technique, which uses a 0.1yF bootstrap capacitor
between the SW and BOOT pins, and an internal
bootstrap diode to derive power. The bootstrap
capacitor is refreshed when the high-side MOSFET is
off and the low-side MOSFET conducts.

When the bootstrap voltage falls below the UVLO
threshold, the high-side switch is turned off, and the
low-side switch is turned on to recharge the BOOT
capacitor. After the recharge, the high-side switch is
turned on again to regulate the output.

It is recommended to use X5R or X7R ceramic
capacitors for the bootstrap capacitor, and the capacitor
must have a voltage rating of 10V or higher.

Mode Selection

The SGM61264 offers a MODE pin to choose different
states of operations under light load condition. The
operating mode is configured by the resistor Rmope
value between the MODE pin and AGND. If MODE pin
is short to AGND or the Rmope < 10kQ, SGM61264
works under PFM control scheme. If MODE pin is
floating or the Rmope = 500kQ, SGM61264 works under
FCCM mode. If the value of Rmooe is between 100kQ
and 150kQ, SGM61264 works under USM mode.

Table 1. MODE Pin Settings

MODE Pin Light Load Operation Mode
Short to AGND or Ruope < 10kQ PFM
100kQ < Ryope < 150kQ USM
Floating or Ryope = 500kQ FCCM

Figure 4 below shows the typical power-up sequence.
Once the EN voltage exceeds the EN rising threshold,
the internal VCC voltage increases. It takes about
100us to cross the VCC UVLO, then the device will
detect the MODE pin, it takes about 64us to read and
set the operating mode. After MODE detection, the
operating mode is latched and will not change until VIN
or EN restart. Then after a delay of around 650us, the
soft-start function begins to ramp up the reference
voltage to the PWM comparator. And then the PG will
be pulled up if the PG pin is connected to external VCC.

A

EN Threshold

EN Voo UVLO}/

Internal O

VCC H

MODE

100ps B4ps 650ps to=2ms AT

90%
Vour

VOUT ms f—

PG

v

Figure 4. Power-Up Sequence
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SGM61264

4.5V to 28V Input,
6A Synchronous Buck Converter

DETAILED DESCRIPTION (continued)

PFM Control Scheme

When MODE pin is short to AGND or the Rmope < 10kQ,
the SGM61264 is set to PFM control scheme to
maintain high light load efficiency. Under light load
condition, the on-time is still determined by the input
voltage and output voltage. After the high-side
MOSFET is turned on once, the output voltage rises
during a switching cycle, it takes a longer time to
discharge the output capacitor to the reference voltage
level, resulting in fewer switching actions and a lower
operating frequency. If the SGM61264 works at PFM
and the load current is ultra-light, the switch remains
inactive for a long time, it will enter sleep mode that
some internal circuits are disabled to further improve
light load efficiency.

At light load, once the inductor current drops to zero is
detected, the low-side MOSFET is turned off. The
power switches remain off for an extended period, and
the converter operates in discontinuous conduction
mode (DCM). As the load current increases, the
inductor current rises accordingly, and the switching
frequency increases as well. The point at which the
valley of the inductor current ripple touches zero is the
boundary between discontinuous conduction mode
(DCM) and continuous conduction mode (CCM). The
load current corresponding to this boundary point can
be calculated by Equation 4.

I _ 1 x (V|N — VOUT ) VOUT 4)
OUT(LL) ~ 5| fo V,

USM Control Scheme

When MODE pin is connected to AGND through a
resistor with a value between 100kQ and 150kQ, the
SGM61264 is set to USM control scheme to eliminate
audible noise in light load. In PFM mode, the low
switching frequency under light load conditions
generates audible noise. The ultra-sonic mode (USM)
fixes this by maintaining a minimum switching
frequency of 33kHz. In USM mode, the low-side switch
is forced to open for discharging the output capacitor
during light load. The high-side switch is turned on
again when the feedback voltage hits the reference
voltage. This rendering the noise inaudible to humans.
Compared to PFM mode, USM exhibits lower efficiency
due to increased switching.

FCCM Control Scheme

When MODE pin is floating or the Rwope = 500kQ, the
SGM61264 is set to operate in forced continuous
conduction mode (FCCM) in light load conditions. In
FCCM mode, the low-side MOSFET is forced to
conduct continuously, allowing the inductor current to
become negative. The switching frequency is
maintained at a quasi-fixed level over the entire load
range, resulting in low output voltage ripple. Due to the
continuous conduction of the low-side MOSFET and
high switching frequency, the light load efficiency is
lower than that in PFM and USM modes. However, this
mode can avoid audible noise.

Power Good

The SGM61264 features a power good (PG) pin to
indicate whether the output voltage is at the desired
level. This pin is an open-drain output that requires a
resistor pulled up to a DC voltage (not exceeds 5.5V). It
is recommended to use a 100kQ pull-up resistor
connected to 5V. An internal 1.6mA sink current
ensures a valid logic low level. As shown in Figure 5,
when the FB voltage is within the 90% and 110% of the
reference voltage (Vrer), the internal open-drain switch
is turned off and the PG pin is pulled up to high. When
the FB voltage is outside the power-good range, or in
events of thermal shutdown, EN shutdown, UVLO
conditions, the internal open-drain switch is turned on
and the PG pin is pulled down to low. The PG pin can
only be held low as long as Vin is continuously present.

A
VRer

115%
110%

90%
85%

v

High |

Low

v

Figure 5. Power Good Flag

@ SG Micro Corp

sGmicRO WWW.sg-micro.com

SEPTEMBER 2026
17



SGM61264

4.5V to 28V Input,
6A Synchronous Buck Converter

DETAILED DESCRIPTION (continued)

Output Over-Current Limit and Under-Voltage
Protection

Cycle-by-cycle valley current detect control circuit is
used to realized output over-current limit (OCL). The
switching current is monitored during off state by
measuring the low-side MOSFET drain to source
voltage. This voltage is proportional to the switching
current, and temperature compensation is applied to
improve sensing accuracy.

During the on-time of the high-side MOSFET, the
inductor current rises linearly, with the slope
determined by the input voltage, output voltage, and
inductance. During the on-time of the Ilow-side
MOSFET, the inductor current falls linearly, with the
slope determined by the output voltage and inductance.
If the on-timer clock is ready and the inductor current
exceeds the over-current limit (OCL) threshold during
the off-time, the low-side MOSFET remains on until the
current drops to or below the OCL threshold, at which
point a new on-time pulse is generated.

When the device keeps in cycle-by-cycle limit to obtain
the system’s power request, the OCL is triggered and
the current is being limited. As the load increases
continuously, the output voltage decreases. If SS is
ready and the FB voltage drops to 65% of Vrer, the
UVP comparator detects it and shuts down the device
after a deglitch wait time of 0.25ms and then re-starts
after the hiccup time of 25ms. If over-current or a
short-circuit fault condition still exists, the hiccup mode

will repeat until the fault condition is removed. Hiccup
mode can help to reduce power dissipation and prevent
overheating and potential damage to the device.

Over-Voltage Protection

If Ves exceeds 125% of the Vrer threshold, the
high-side switch will turn off after a deglitch time of
256ps. The low-side switch will turn off when the
inductor current crosses zero for PFM. The low-side
switch turns off when the inductor current hits the
negative current limit for FCCM. Then the output will be
discharged. When it returns below 121.5% of the Vrer,
the discharge path will still be on for a hiccup time of
25ms and then the device will re-soft-start to recover
the output voltage.

Output Voltage Discharge

The SGM61264 integrates a discharge MOSFET with
Rois = 192Q between the SW pin and PGND. This
MOSFET turns on to discharge the output voltage when
the device shuts down due to UVP, OVP, OTP or EN
disable conditions. Due to the limited current capability
of the MOSFET, the discharge is relatively slow.

Thermal Shutdown

If the junction temperature (T,) exceeds +165°C (TYP),

the device goes into thermal shutdown. The device will
stop switching to protect the device from overheating,
and the discharge path is turned on. When T,

decreases below the threshold of 135°C, the device will
soft-start and resume normal operation.
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SGM61264

4.5V to 28V Input,
6A Synchronous Buck Converter

APPLICATION INFORMATION
Typical Application

The design method and component selection are explai

ned in this section. Figure 6 shows the typical schematic of

SGM61264. It is used for converting a 6V to 28V supply voltage to a lower 5V output voltage with a maximum output

current of 6A.
V|N =6V to28V

O ’ VIN
Rs
NC
1Cin L Csw Cic L Cip

__10pF__10pFT10pF__100nF Re EN

NC
=

NC SGM61264

MODE

PGND

ﬂf

R7 Cs
BOOT
0Q  100nF L Vour = 5V
3.3uH lour = 6A (MAX)
Sw asae o
EXT_5V Rs
Opt.
o ? p i 20k R> Coark Cacl
Rs Opt. C 73.2kQS 22uF | 22uF
100kQ ; 100pF
FB - 1
R, =
10kQ
AGND _
g7 PGND AGND

Figure 6. SGM61264 5V, 6A Reference Design

The external components are designed based on the
application requirements and device stability. Some
suitable output filters (L and Cour) along with C4 and
divider resistor values are provided in Table 2 to
simplify component selection.

Table 2. Recommended Component Values

Vor | L[S0 R [ R | R® | G
v) (HH) (WF) (kQ) | (kQ) | (kQ) (pF)
0.6 1 47 x 2 0 — — —
1.2 1 47 x 2 10 10 — —
3.3 2.2 22 x 2 453 10 20 100

5 3.3 22 %2 73.2 10 20 100
13 5.6 22 %2 206 10 20 100
NOTES:

1. The output capacitance values specified herein are
nominal ratings, not effective capacitances.
2. R4 and C4 can be used to improve the load transient
response or improve the loop-phase margin.

Design Requirements
The design parameters given in Table 3 are used for this
design example.

Table 3. Design Parameters

DESIGN PARAMETER EXAMPLE VALUES
Input Voltage Range 24V nominal, 6V to 28V
Output Voltage 5V
Transient Response, 6A Load Step AVour = 5%
Output Ripple Voltage < 30mV at CCM
Output Current Rating 6A
Operating Frequency 540kHz

Input Capacitor Selection

A high-quality ceramic capacitor (X5R or X7R or better
dielectric grade) must be used for input decoupling of
the SGM61264. In some applications, additional bulk
capacitance may also be required for the Vin input.
SGMICRO recommends a ceramic capacitor over 10uF
for the input capacitor. An additional small size 0.1pyF
ceramic capacitor (Cip) right beside Vin and PGND pins
is recommended for high frequency filtering.

For this design, a ceramic capacitor with at least 50V
voltage rating is required to support the maximum input
voltage. Three 10uF/50V capacitors are selected for Vin
to cover all DC bias, thermal and aging de-ratings. The
input capacitance determines the regulator input
voltage ripple. Use 540kHz for fsw. This ripple can be
calculated from Equation 5.

AV :loUTXDX(1—D) (5)
" Cin xfsw

The capacitor’s ripple current rating must exceed the
maximum input ripple current in the application, which
can be calculated using Equation 6.

V. V-V,
ICIN_RMSZIOUTX % —IN__OuT, OUTXJDX(’I D (6

IN

When the input power supply is located far from the
chip circuit, it is recommended to add input bulk
capacitance to ensure stability.
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SGM61264

4.5V to 28V Input,
6A Synchronous Buck Converter

APPLICATION INFORMATION (continued)

Inductor Selection
The LC filter used as the output filter has double pole
at:

1

fo=———— 7
P 2mfLxCyy, 7

Low-frequency gain is determined by the output
set-point resistor divider network and the internal gain
of the device, with a phase of 180°. The ACOT control
architecture introduces a high-frequency zero, reducing
the gain attenuation rate to -20dB per decade and
boosting the phase to 90 degrees at one decade above
the zero frequency.

To ensure system stability, the inductor and capacitor
of the output filter must be properly selected. The
double-pole frequency defined by Equation 7 should be
lower than the high-frequency zero and close enough
to it, so that the phase boost from the high-frequency
zero can provide sufficient phase margin for the circuit.

Equation 8, Equation 9, and Equation 10 are used to
calculate the inductor’'s peak-to-peak ripple current,
peak current, and RMS current, respectively. To ensure
reliable operation, the inductor must have a saturation
current rating exceeding the calculated peak current, as
well as an RMS (heating) current rating that is higher
than the calculated RMS current.

Use 540kHz for fsw. The selected inductor must be able
to withstand the peak current calculated by Equation 9
and the RMS current calculated by Equation 10, with
sufficient margin.

VOUT x VlN — VOUT

Al = 8
) Vin L xfgy ©)
Al
IL_PEAK = IOUT +7L 9)
Al 2
ILfRMS = IOUT2 + 15 (10)

Note that during startup, load transients or fault
conditions, the peak inductor current may exceed the
calculated I_peak. Therefore, it is always safer to
choose the inductor saturation current higher than the
switch current limit.

Output Capacitor Selection

The output voltage ripple is determined by the
capacitance and its ESR. The voltage rating of the
output capacitors should be selected with enough
margins to ensure that capacitance drop (voltage and
temperature de-rating) is not significant.

SGM61264 is designed for use with ceramic or other
low-ESR capacitors, the ESR and ESL are virtually
zero, so the output voltage ripple will be dominated by
the following Equation 11.

Al

8xfsw X Coyr

AVyyr = 11)
The Court is recommended values ranging from 20uF to
100uF for ceramic output capacitors. To reduce the
voltage ripple, using parallel capacitors can help reduce
the output ripple in a design using electrolytic output
capacitors. Use Equation 12 to calculate the required
RMS current rating for the output capacitor.
Vour X (\/IN - VOUT)

I -
CO_RMS h’IZX\/'NXLXfSW (12)

Bootstrap Capacitor Selection

SGMICRO recommends to use a 0.1uF high-quality
ceramic capacitor (X7R or X5R) with 10V or higher
voltage rating between BOOT and SW for the bootstrap
capacitor.

Divider Resistors Selection

The output voltage is set with a resistor divider from the
output node to the VFB pin. SGMICRO recommends
using 1% tolerance or better divider resistors. Start by
using Equation 13 to calculate Vour.

To improve efficiency under ultra-light load conditions, it
is recommended to use voltage-dividing resistors with
higher resistance values. However, excessively high
resistance will degrade the device’s noise immunity and
significantly increase voltage errors caused by the Vs
input current. Please note that dynamically adjusting
output voltage is not recommended.

R
Vour =0.6x| 1+ =2
out X( +R j (13)

3
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SGM61264

4.5V to 28V Input,
6A Synchronous Buck Converter

APPLICATION INFORMATION (continued)

Layout Guidelines

1. A four-layer PCB is recommended to provide
excellent thermal performance, effective noise
shielding, and low impedance for power and ground
paths.

2. Use one of the mid-layers as ground plane for noise
shielding and additional heat dissipation especially for
heavy load applications.

3. Place Cin and Cour as close to the device as
possible to minimize trace impedance and connected
on the top layer PGND pin/plane and PAD.

4. Place small size high frequency decoupling
capacitors on input capacitors.

5. Wide Vin and PGND traces help reduce impedance,

VIN

Cia

lower conduction loss, and improve heat dissipation,
ensuring stable and reliable operation.

6. Keep the BOOT-SW voltage path as short as
possible.

7. Use a short and wide path for routing the SW pin to
minimize radiated emissions.

8. Keep the SW area minimal and away from sensitive
signals like FB input.

9. Minimize FB trace length and keep both feedback
resistors close to the FB pin. Place C4 right beside Ra.

10. Bring the Vour sense trace from the point where
Vout accuracy is important.

11. PGND and AGND are connected at a single point.

PGND
PGND

...........

MoDE | 2 1 _@_ _%_ _g-l:_'ﬂ- NC
H 8 © N0 1Yy
O Vias 000 - oo
Top Layer 000 5o vouT
000 29 (o}
Inner Layer-1 000 |
000
Inner Layer-2 33333 AGND |88888 -
Bottom Layer PGND 00000 Con Cax
Figure 7. SGM61264 PCB Layout Example
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
Changes from Original to REV.A (SEPTEMBER 2026) Page
Changed from product preview t0 ProdUCHION GaTA..........coiuiiiiii ettt e e b bt e e ea e e e s bt e e e et e e eb bt e e aate e e e nneeas All
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PACKAGE INFORMATION

PACKAGE OUTLINE DIMENSIONS

TQFN-3x3-10L
, 0.205
62 o]
PIN 1# i b _ %1J e Eo
2x12 [ ] C™ 11w
E —1 CE{
- — E
E 6xe
L1 —
- =
y LD HET
ETAILA—" ‘_':“30347_] 1
e
TOP VIEW BOTTOM VIEW
0.205 ~2x2.10
0725}~ \ 1.15]
D + 3x0.555
oy ]
11%0.25 -
L]
A2 SEATING PLANE f []eee[c] 340 N 0%—30 — L, ‘ ,\L;
SIDE VIEW T T 2x040
i
n n | |
0.37
ALTERNATE A-1 ALTERNATE A-2 7 % 0.60 = 1.70 —
DETAIL A
ALTERNATE TERMINAL 3.40
CONSTRUCTION
RECOMMENDED LAND PATTERN (Unit: mm)
Dimensions In Millimeters
Symbol
MIN NOM MAX
A 0.800 - 0.900
A1 0.000 - 0.050
A2 0.203 REF
b 0.200 - 0.300
b1 0.350 - 0.450
D 2.900 - 3.100
E 2.900 - 3.100
0.500 BSC
el 0.725 BSC
e2 1.150 BSC
e3 1.300 BSC
L 0.300 - 0.500
L1 1.400 - 1.600
L2 1.800 - 2.000
eee 0.080

NOTE: This drawing is subject to change without notice.
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PACKAGE INFORMATION

TAPE AND REEL INFORMATION

REEL DIMENSIONS

Reel Diameter

Reel Width (W1) -

- p2

TAPE DIMENSIONS

PO —

Q1

Q2

Q3

Q4

Q1

Q2

Q3

Q4

ﬁ\
|
)

P1

===mp DIRECTION OF FEED

NOTE: The picture is only for reference. Please make the object as the standard.

KEY PARAMETER LIST OF TAPE AND REEL

/
i

Packane Tvoe Reel | RS a0 | B0 | ko | PO | P1 | P2 | W Pin1
ge Typ Diameter (mm) (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | Quadrant
TQFN-3x3-10L 13 124 3.30 3.30 1.10 4.0 8.0 2.0 12.0 Q2
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PACKAGE INFORMATION

CARTON BOX DIMENSIONS

NOTE: The picture is only for reference. Please make the object as the standard.

KEY PARAMETER LIST OF CARTON BOX

Reel Type L(enr:r?]t)h ‘?TITI\(::\’)] '}Ir?:?nr;t Pizza/Carton
(=]
=]
13" 386 280 370 5 %
€ Y 56 Micro Corp TX20000.000
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