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SGMICRO

SGM61200
4V to 28V Input, 600mA

Synchronous Buck Converter

GENERAL DESCRIPTION

The SGM61200 is an easy-to-use synchronous Buck
converter with a wide 4V to 28V input voltage range and
600mA output current capability. This device can be
easily used in various industrial applications powered
by unregulated sources.

The SGM61200 operates at 1.1MHz switching frequency
to support the use of relatively small inductors for an
optimized solution size. In light load condition, the
SGM61200A enters in the PFM mode to improve high
efficiency, while the SGM61200B operates in forced
pulse width modulation (FPWM) mode over the full load
range to maintain constant frequency and reduce
output voltage ripple.

Protection features include cycle-by-cycle current limit,
hiccup mode short-circuit protection, and thermal
shutdown in case of excessive power dissipation.

The SGM61200 is available in a Green SOT-23-6
package.
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FEATURES

e Wide 4V to 28V Input Voltage Range

e Up to 600mA Continuous Output Current

® Minimum Switching-On Time: 95ns

* 1.1MHz Switching Frequency

e 11% Tolerance Voltage Reference over
Temperature from -40°C to +125°C

e SGM61200A: PFM at Light Load Condition

e SGM61200B: FPWM at Light Load Condition

® 98% Maximum Duty Cycle

e Support Startup with Pre-Biased Output

e Short-Circuit Protection with Hiccup Mode

e Adjustable Input Under-Voltage Lockout

¢ |ntegrated Synchronous Rectification

¢ Internal Compensation for Ease of Use

e Available in a Green SOT-23-6 Package

APPLICATIONS

Appliances
General Purpose Wide Vin Power Supplies
Smart Power Meters

Figure 1. Simplified Schematic
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SGM61200

4V to 28V Input, 600mA
Synchronous Buck Converter

PACKAGE/ORDERING INFORMATION

SPECIFIED

PACKAGE ORDERING PACKAGE PACKING
wletlE L DESCRIPTION | TEMPERATURE NUMBER MARKING OPTION
RANGE
SGMB1200A SOT-23-6 40°C to +150°C | SGM61200ATNEG/TR x>1<;8<§<x Tape and Reel, 3000
SGM612008 SOT-23-6 40°C 1o +150°C | SGM61200BTN6G/TR x;g(gx Tape and Reel, 3000

MARKING INFORMATION

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

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

Input Voltages:
VIN, ENt0O GND ....coeiiiiiiiie e -0.3V to 30V
FB 10 GND ....oviiiiiiee e -0.3Vto 5.5V
Output Voltages:
SW 10 GND ... -0.3V to (Vin + 0.3V)
SW to GND (Less than 10ns Transient).......... -3.5V to 30V
BOOT t0 SW ..o -0.3Vto 5.5V
Package Thermal Resistance
SOT-23-6, Ba «ovveerereeiieeriieiiee e e e 135.5°C/W
SOT-23-6, B8 «eveerereerreerrieiiie et eiee s sree e 25.8°C/W
SOT-23-6, Bic «uveerereerreerrieiiie ettt 75.6°C/W
Junction Temperature..........cccccccoevcviiieeeeeecciieeeee +150°C
Storage Temperature Range........................ -65°C to +150°C
Lead Temperature (Soldering, 10S) ........ccccuveveeerennnnes +260°C
ESD Susceptibility ()
L= S +3000V
CDM e +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

Input Voltages:
VIN 0 GND ..o 4V to 28V
EN e 0V to Vi
Output Current Range, louT ..ocoocvvviviieneiiienn. OmA to 600mA

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 sectionis 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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SGM61200

4V to 28V Input, 600mA
Synchronous Buck Converter

PIN CONFIGURATION

(TOP VIEW)
[ ]
BOOT [1] 6] sw
GND [2 (5] VIN
FB [3 (4] EN
SOT-23-6

PIN DESCRIPTION

PIN NAME | TYPE FUNCTION
Bootstrap Input. Bootstrap supply for high-side driver. Connect a 100nF ceramic capacitor between
1 BOOT (0] .
BOOT and SW pins.
Power Ground Terminal. Connected to the source of low-side FET internally. It is the reference
2 GND G . : . . .
for input and the regulated output voltages. Special layout considerations are required.
3 FB | Feedback Input to the Convertor. Connect a resistor divider to set the output voltage. Never short
this terminal to ground during operation.
4 EN | Precision Enable Input to the Converter. High = on, Low = off. It can be used to program the
UVLO with a resistor divider on the VIN pin. Do not leave this pin floating.
5 VIN p Supply Input Terminal to Internal Bias LDO and High-side FET. Connect to input supply and input
bypass capacitors Cin. Input bypass capacitors must be directly connected to this pin and GND.
6 SW ) Switching Output of the Convertor. Internally connected to source of the high-side FET and drain

of the low-side FET. Connect to power inductor.

NOTE: | = input, O = output, P = power, G = ground.
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4V to 28V Input, 600mA
SGM61200 Synchronous Buck Converter

ELECTRICAL CHARACTERISTICS

(Vin = 4V to 28V, minimum and maximum limits apply over operating Ty = -40°C to +125°C, typical values are at Ty = +25°C,
unless otherwise noted.)

PARAMETER | symsoL | CONDITIONS | MiN | TYP | MAX | UNITS

Supply Voltage (VIN Pin)

Input Voltage Range Vin 4 28 \%

Under-Voltage Lockout Thresholds ViN_uvio Rising threshold 348 | 37 | 392 \%
a Falling threshold 328 | 35 | 3.72

Under-Voltage Lockout Hysteresis Vin nvs | Hysteresis 200 mV

Operating Quiescent Current la Ven = 3.3V, Vg = 1.2V, PFM mode, SGM61200A i pA

non-switching FPWM mode, SGM61200B 1350 | 1800

Shutdown Current into VIN lsb Ven = 0V 0.82 10 MA

Enable (EN Pin)

Enable Rising Threshold Voltage VEN H 1.05 1.2 1.3

Enable Falling Threshold Voltage Ven L 095 | 11 1.2 v

Enable Hysteresis Voltage Ven nvs | Hysteresis 100 mV

Input Leakage Current at EN Pin len Ven = 3.3V 5 200 nA

Voltage Reference (FB Pin)

Reference Voltage VRer 0.792| 0.8 |0.808 \%

Feedback Leakage Current ke rs | Ves =1.2V, Vey = 3.3V 1 100 nA

Current Limits and Hiccup

Peak Inductor Current Limit lns_Lmir 0.86 | 1.13 | 1.40

Valley Inductor Current Limit lis. i Vin= 12V, Ty = +25°C 060 | 082 | 101 |

Zero Cross Current (" Iszc |PFM mode 20 mA

Negative Current Limit (" Iis Nes | FPWM mode -0.5 A

Hiccup Threshold of FB Pin Viiccur | % of reference voltage 30 %

MOSFETs

High-side MOSFET On-Resistance Roson_Hs 420 | 700

Low-side MOSFET On-Resistance Robson Ls 240 | 410 ma

Thermal Shutdown

Thermal Shutdown Threshold Tsp 170 °C

Thermal Shutdown Hysteresis Thys 20 °C

Soft-Start (¥

Internal Soft-Start Time tss ;I-/TLE":tiTZEi/’OLXTg;éo rise from 0% to 100%, 1.8 ms

Hiccup

Hiccup Time | twcor [Vw=12v | | 130 | | ms

Switching Node (SW Pin)

Minimum Turn-On Time ton min | lour = 600mMA 95 ns

Minimum Turn-Off Time torr min | lour = 600mA 100 ns

Maximum Turn-On Time ton_max 7.5 us

Oscillator

Oscillator Frequency | fow \ \ 0.87 | 1.1 | 1.40 \ MHz

NOTE:

1. Guaranteed by design.
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SGM61200

4V to 28V Input, 600mA
Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS

Vin = 12V, Vout = 5V, the corresponding BOM can be found in Table 1, Ta = +25°C, unless otherwise noted.
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Quiescent Current vs. Temperature (SGM61200B)
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SGM61200

4V to 28V Input, 600mA
Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 12V, Vout = 5V, the corresponding BOM can be found in Table 1, Ta = +25°C, unless otherwise noted.
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Efficiency vs. Load Current (SGM61200A)

100
L ;‘
7 /-,/ "
9
< 60 — 7
[&]
[
£ 40 b
w
Vi =5V
Vi = 9V
20 Vi = 12V]
0 Vour = 3.3V, L = 12uH, DCR = 58mQ V, = 28V
0.001 0.01 0.1 1
Load Current (A)
Efficiency vs. Load Current (SGM61200A)
100
6: g
80 7 /
= 60 | /
> /
[&]
c
0
£ 40
- Vi = 6V
Viy =9V
20 Vin = 12V]
0 Vour =5V, L = 15uH, DCR = 68mQ V) = 28V
0.001 0.01 0.1 1

Load Current (A)

Switching Frequency (MHz)

Efficiency (%)

Efficiency (%)

Frequency Foldback at torr min

1.4
1.2
‘o Vs
B / / /
05 ///
. / / ,
0.6 / ,;
// / lour = 100mA
0.2 / lour = 300mA |
& ouT
0.0 Vouyr =5V lOL‘IT = FSOOWA
5.0 5.5 6.0 6.5 7.0 7.5 8.0
Input Voltage (V)
Efficiency vs. Load Current (SGM61200B)
100
o
60 // 7
/ Vi =5V
/ Viy = 9V
20 v, Vi, = 12V
0 Vour = 3.3V, L = 12uH, DCR = 58mQ Vi =24V
0.001 0.01 0.1 1
Load Current (A)
Efficiency vs. Load Current (SGM61200B)
100

et

V) = 6V

Viy = 9V

Vi = 12V
o [Your =5V, L = 15uH, DCR = 68mQ Vi =28V
0.001 0.01 0.1 1

Load Current (A)

@ SG Micro Corp

sGmicRO WWW.sg-micro.com

NOVEMBER 2025
6



4V to 28V Input, 600mA
SGM61200 Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 12V, Vout = 5V, the corresponding BOM can be found in Table 1, Ta = +25°C, unless otherwise noted.
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4V to 28V Input, 600mA
SGM61200 Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 12V, Vout = 5V, the corresponding BOM can be found in Table 1, Ta = +25°C, unless otherwise noted.
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0.50 0.30
. 025 \\ __ 015
X \ X
c =
< 0.00 T 0.00 —
g g
o o
2 2
3 -0.25 =J.0.15
lour = OmA lour = OMA
lour = 300mA lour = 300MA
-0.50 Vour = 12V loyr = 600mA 0.30 Vour = 12V lour = 600mA
Input Voltage (V) Input Voltage (V)
Load Regulation vs. Load Current (SGM61200A) Load Regulation vs. Load Current (SGM61200B)
1.5 0.10
10 =
0.05
< 05 \\ \\ S
8 00 e B 0.00
=} 3
: . &\
o [h4
- 05 Vin = 5V el Vin =5V \&
§ Vi = 9V § -0.05 }|Vy=9v
1.0 Vi = 12V Vi = 12V \
15 Vour = 3.3V Vi = 28V 010 Vi = 24V Vour = 3.3V
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.1 0.2 0.3 0.4 0.5 0.6
Load Current (A) Load Current (A)
Load Regulation vs. Load Current (SGM61200A) Load Regulation vs. Load Current (SGM61200B)
1.5 0.10
1.0 \\
= | \\ ~ 0.05
£ 05 | S \
g \ 5
g 00 - I N g 0.00 SN
3 3 |
r x \
g 05 V=6V T Vi = 6V \
S Vi =9V 9 -0.05 fv,=9v
1.0 Vi = 12V Vi = 12V \
15 Low=sv Vi = 28V 010 Vi = 28V Vour = 5V
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.1 0.2 0.3 0.4 0.5 0.6
Load Current (A) Load Current (A)

€ Y 56 Micro Corp NOVEMBER 2025

sGmICRO WWW.sg-micro.com ;



SGM61200

4V to 28V Input, 600mA
Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 12V, Vout = 5V, the corresponding BOM can be found in Table 1, Ta = +25°C, unless otherwise noted.
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SGM61

200

4V to 28V Input, 600mA
Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 12V, Vout = 5V, the corresponding BOM can be found in Table 1, Ta = +25°C, unless otherwise noted.
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SGM61200

4V to 28V Input, 600mA
Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 12V, Vout = 5V, the corresponding BOM can be found in Table 1, Ta = +25°C, unless otherwise noted.

Shutdown by VIN (SGM61200B)

lout = 0A

ViN ==
Vour \

sz 3

(ELH
Time (50ms/div)
Shutdown by EN (SGM61200A)

Ven - ’ loutr = 0A

Vour

.L%NMMMMMHUWMMMMMW

Time (500ms/div)

Shutdown by EN

lour = 0.6A

Time (50ps/div)

AIP/AS NIP/AOL

AIp/YWO00Z AIP/AOL

ANIP/AC

AIP/YWOO0Z MP/AOL AIP/AG

AIp/YWO0S

ANP/NC

AIP/AG

AIP/AOL

Shutdown by VIN

VIN

VOUT

lour = 0.6A

Time (2ms/div)

Shutdown by EN (SGM61200B)

F— lour = 0A

VOUT

Vsw ag-
IL

"M

Time (500ms/div)

Load Transient (SGM61200A)

VOUT E

Vsw |

lour = 0A to 0.6A

Y

AC Coupled

Mo

Time (200ps/div)

ANIP/AS NIP/AOL

AIp/YWO00S  AIP/AOL

ANIP/AC

AIP/YWOO0Z MP/AOL AIP/AG

AIP/AWO0S

AIP/AOL

AIp/YWO00S

@ SG Micro Corp

sGmicRO WWW.sg-micro.com

NOVEMBER 2025

1



SGM61200

4V to 28V Input, 600mA
Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 12V, Vout = 5V, the corresponding BOM can be found in Table 1, Ta = +25°C, unless otherwise noted.
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4V to 28V Input, 600mA
SGM61200 Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 12V, Vout = 5V, the corresponding BOM can be found in Table 1, Ta = +25°C, unless otherwise noted.
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Figure 2. Block Diagram

€ Y 56 Micro Corp NOVEMBER 2025

sGmICRO WWW.sg-micro.com s



SGM61200

4V to 28V Input, 600mA
Synchronous Buck Converter

DETAILED DESCRIPTION

Overview

The SGM61200 is an internally loop compensated
synchronous Buck converter, which simplifies
compensation network design and saves users design
time and cost. It can deliver up to 600mA to the output
over a wide input voltage range from 4V to 28V.

The SGM61200 employs peak-current mode control
with fixed-frequency in continuous conduction mode.
SGM61200A features a PFM mode in which operating
frequency is adaptively reduced under light load
conditions to reduce switching and gate drive losses to
keep high efficiency. SGM61200B operates in PWM
mode over the full load range to maintain constant
switching frequency and achieve low output voltage

ripple.

The EN pin can achieve the precision enable, and can
also be used to increase the input UVLO threshold by
using a resistor divider.

An internal precision reference voltage and a fixed
soft-start timer are included. Several protection
features such as input under-voltage lockout, output
over-voltage protection, hiccup mode short-circuit
protection, current limit protection, and thermal
shutdown are integrated to ensure safe operation.

Peak-Current Mode Control

Figure 2 shows the functional block diagram and Figure
3 shows the switching node operating waveforms of the
SGM61200. Switching node voltage is generated by
controlling the duty cycles of the complementary
high-side and low-side switches. The duty cycle of the
high-side switch is used as control parameter of the
Buck converter to regulate output voltage and is
defined as: D = ton/tsw, where ton is the high-side
switch on-time and tsw is the switching period. During
high-side switch on-time, the SW pin voltage swings up
to approximate Vin, and the inductor current, I, linearly
rises with a slope of (Vin - Vout)/L. When control logic
turns off the high-side switch, the low-side switch will be
turned on after a short dead time. During off-time,
inductor current discharges through the low-side switch
with a slope of (-Vout/L). In ideal case, where losses
are ignored, D is proportional to the output voltage and
inversely proportional to the input voltage: D = Vout/Vin.

D = ton/tsw
Vin
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Figure 3. SW Voltage and Inductor Current Waveforms in
Continuous Conduction Mode (CCM)

The SGM61200 employs fixed-frequency peak-current
mode control in continuous conduction mode. In light
load conditions, the SGM61200A will enter PFM mode
to reduce the switching frequency and the associated
switching and gate drive losses.

In continuous conduction mode, the controller has an
outer voltage feedback loop to get accurate DC voltage
regulation. The output of the outer loop is fed to an
inner peak-current control loop as reference command
that adjusts the peak-current of the inductor. The
inductor peak-current is sensed from the high-side
switch and is compared to the peak-current reference
to control the duty cycle. In other words, as soon as the
inductor current reaches the reference peak-current
determined by voltage loop, the high-side switch is
turned off and the low-side switch is turned on after
dead time. The voltage feedback loop is internally
compensated, which allows for fewer external
components, simpler design, and stable operation with
almost any combination of output capacitors.

Minimum Input Voltage (4V) and UVLO

The recommended minimum operating input voltage is
4V. It may operate with lower voltages that are above
the Vin rising UVLO threshold (3.7V TYP). If Vin falls
below its falling UVLO threshold (3.5V TYP), the device
will stop switching. The applications of UVLO include
ensuring reliable operation, sequencing, and
protections such as battery discharge.
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SGM61200

4V to 28V Input, 600mA
Synchronous Buck Converter

DETAILED DESCRIPTION (continued)

Enable

The voltage on the EN pin provides the precision
enable and disable of SGM61200. The device will
enable if the EN pin voltage exceeds the enable
threshold of 1.2V (TYP) and Vin exceeds its UVLO
threshold. 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 cannot be left floating
and can be connected to Vinto enable the operation of
the device.

An external input UVLO adjustment circuit is
recommended in Figure 4. The EN input can be driven
by an external logic signal to facilitate system
sequencing and protection. If Ven < 1.1V (TYP), the
device will shut down. Only if Ven > 1.2V (TYP), the
device will start operation.

VIN
Rent SGM61200

EN
Rens

Figure 4. System UVLO by Enable Divider

Bootstrap Voltage

An internal LDO provides the bias voltage for gate
driver using a 0.1yF ceramic capacitor towards SW.
X5R or better dielectric types are recommended. The
capacitor must have a 10V or higher voltage rating.

The SGM61200 operates at maximum duty cycle when
input voltage is closed to output voltage as long as the
bootstrap voltage (Vsoor - Vsw) is greater than its UVLO
threshold. When the bootstrap voltage falls below its
UVLO, the high-side switch is turned off, and the
integrated 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.

Soft-Start

The 1.8ms (TYP) soft-start time is integrated to slow
down the ramp of output voltage when SGM61200 is
first enabled or powered up, which can prevent the
input inrush current.

At the beginning of power-up, there is a 32ms (TYP)
blank time tocr sk during which the over-current
protection is disabled.

Without this feature, the inductor current will be large
enough to trigger the current-limit protection when
starting up with a large amount of output capacitors,
which may results in the hiccup mode and the output
voltage cannot ramp up to the regulation voltage.

By disabling the over-current protection during toce sLk,
the output voltage of SGM61200 can be charged with
the maximum limited current and maximizes the output
current capacity.

The inductor current will not be out of control during
toce_BLk because the peak-current limit (Ilus_Lmit) and
valley current limit (I.s_uwmit) function are still available.

Light-Load Operation (PFM Version)

At light loads, SGM61200A enters PFM mode to
reduce switching and gate drive losses and keep high
efficiency by reducing the number of switching pulses.
When the peak inductor current is below PFM current
threshold, the corresponding internal COMP voltage
(Vcomp) will be lower than the internal threshold, the
device will enter PFM.

After entering PFM for a delay time, some modules are
shut down to minimize input current, and the device
draws only 84pA (TYP) input quiescent current. The
high-side MOSFET will not switch until the FB voltage
falls below a low threshold (TYP 101% Vrer). Since the
integrated current comparator catches the inductor
peak-current only, the average load current entering
PFM varies with the applications and external output
filters.

Light-Load Operation (FPWM Version)

At light loads, SGM61200B still operates in PWM mode.
The frequency is constant, output voltage ripple is low
and the output voltage regulation is tight.

Minimum On-Time, Minimum Off-Time and
Frequency Foldback

Minimum on-time ton_min and minimum off-time torr_mi,
are the smallest duration of time that the high-side
switch can be on and off. ton_min is typically 95ns and
torr_min is typically 100ns in the SGM61200.
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SGM61200

4V to 28V Input, 600mA
Synchronous Buck Converter

DETAILED DESCRIPTION (continued)

In continuous conduction mode operation, the voltage
conversion range is limited by ton_mn and torr min
without frequency foldback.

With fixed switching frequency, the minimum duty cycle
allowed is:

Dmin = ton_min % fsw (1)
The maximum duty cycle allowed is:
Dwmax = 1 - torr_min % fsw (2)

When the output voltage is given, the maximum Vin can
be found by:

V,
\Vi = out
A fow X ton_min 3)
The minimum ViN can be found by:
V,
Vi = 7 (4)

1-fow % tOFFiMIN

In order to extend the maximum duty cycle, SGM61200
features frequency foldback when the torr min is
triggered.

When Vin voltage decreases and the off-time
decreases to torr_miN, the switching frequency starts to
decrease to extend the maximum duty cycle further for
keeping Vour in regulation.

By frequency foldback, the frequency can be
decreased to about 135kHz minimum. For a given
output voltage, Vin_min is lowered. With the wide range
of frequency foldback, the output voltage can remain in
regulation with a much lower supply voltage, which
leads to a lower dropout.

Over-Current and Short-Circuit Protection

The SGM61200 features current limiting on both the
peak and valley inductor current under over-current
conditions. Hiccup mode is activated if overload or
short-circuit condition persists to prevent over-heating.

High-side MOSFET over-current protection is naturally
provided by peak-current mode control. In each cycle,
the high-side current sensing starts after the high-side
switch has been turned on for a short time (blanking
time). The sensed high-side switch current is compared
with the Error Amplifier (EA) output (Vcomp) minus slope

compensation. By clamping Vcome to @ maximum value,
the peak-current can be limited precisely.

The low-side switch current is also sensed and
monitored. If the current in the high-side switch
exceeds Ius_LimiT, the high-side switch will automatically
be turned off and after a short dead-time, the low-side
switch will be turned on to take over the current in the
inductor. The low-side switch will not be turned off until
the low-side switch current falls below I.s_Limit.

Under overload or short-circuit conditions, if the FB
voltage decreases to 30% of the reference voltage and
the current of the high-side switch triggers Ins Lmit for
256 consecutive cycles, the output starts to hiccup and
device stops switching for about 130ms. After the
130ms off-period, the device is restarted with a
soft-start cycle. If the overload or short-circuit condition
is still present, the same hiccup cycle will repeat until
the fault is removed. Under over-current conditions,
hiccup mode reduces power dissipation and prevents
the over-heating to the device.

For SGM61200B, if the inductor current goes negative
and exceeds the negative current limit I.s neg, the
low-side switch turns off. The negative current limit is
designed to protect the low-side switch from excessive
negative current.

Output Over-Voltage Protection (OVP)

The SGM61200 contains an over-voltage comparator
that monitors the FB pin voltage. The over-voltage
threshold is approximately 108% of nominal FB voltage.
When the voltage at the FB pin exceeds the
over-voltage threshold (Vout ov), switching will be
stopped and both high-side and low-side switches will
be turned off. If the over-voltage fault is removed, the
regulator will automatically recover.

Thermal Shutdown

To avoid damage from over-heating, the junction
temperature is continuously monitored. And if the
temperature exceeds the shutdown level (Tsp = +170°C,
TYP), all power switches are turned off immediately.
When the device is cooled off for 20°C (typical
hysteresis), the device automatically resumes normal
operation after a soft-start.
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4V to 28V Input, 600mA

SGM61200 Synchronous Buck Converter
APPLICATION INFORMATION
Vin =6V to 28V
o ' VIN BOOT
_L Cw lC.NA éRENT SGM61200 —L_Caoor L
T 4.7uF ] 0.1uF > 698kQ 0.1uF
15uH Vour = 5V/0.6A
1 EN SW LYY YA 0O
Rens R
N 200kQ 115k0 Cour
22uF
GND FB
Rrss
7 22.1kQ
Figure 5. Application Circuit
Application Information Table 2. Design Example Parameters
The SGM61200 is a Buck converter, which is typically Parameter Value
used to convert a higher DC voltage to a lower DC
Input Voltage, V| 12V (TYP), from 6V to 28V
voltage with a maximum output current of 600mA. The NP Tomage, Tin (TYP), range from 6V to
following design procedure can be used to select Output Voltage, Vour v
components for the SGM61200. Maximum Output Current, 600mA

Typical Application

Few external components are required for SGM61200
to convert from a wide voltage range supply to a lower
voltage level output. A basic schematic for the device
as a Buck converter is shown in Figure 5.

When selecting the external components, the needs of
the application and the stability criteria of the device's
control loop should be taken into consideration. Table 1
can be used to select external components.

Table 1. L and Cour Typical Values

fsw (MHz) |Vour (V) | L (MH) | Cour (MF)™ | Resr (kQ) | Ress (kQ)
3.3 12 22uF/16V 69.8 221
1.1 5 15 22uF/16V 115 221
12 22 10uF/25V 316 221

NOTE: 1. Ceramic capacitor is used in this table.

Design Requirements

Based on a design example followed, the detailed
design procedure is described. The parameters given
in Table 2 are used for this design example.

IOUT MAX

Output Over/Undershoot

(OmA to 600mA) 5% of Vour

Output Voltage Ripple (CCM) 0.5% of Vour

Operating Frequency 1.1MHz

Output Voltage Programming

Output voltage can be set with a resistor divider
feedback network between output and FB pin. The
divider network consists of top feedback resistor Rrst
and bottom feedback resistor Rrss. The Rrsr and Rrss

can be selected based on Equation 5.
= VOUT - VREF
FBT

V.

REF

xR (5)

FBB

where Vrer = 0.8V.

To keep operating quiescent current small and prevent
voltage errors due to leakage currents, it is
recommended to choose Ress in the range of 10kQ to
100kQ. Given Vout = 5V and choose the value of Rrss
to be 22.1kQ, Rrsr can be calculated from Equation 5.
The calculation result of Rret is 116.025kQ, a standard
value of 115kQ is selected.
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SGM61200

4V to 28V Input, 600mA
Synchronous Buck Converter

APPLICATION INFORMATION (continued)

Switching Frequency

Several parameters such as losses, inductor and
capacitors sizes and response time are considered in
selection of the switching frequency. Higher frequency
increases the switching and gate drive losses, and
lower frequency requires larger inductance and
capacitances, which results in larger overall physical
size and higher cost. Therefore, a tradeoff is needed
between losses and component size. For this design, a
switching frequency of 1.1MHz is selected.

As described in Minimum On-Time, Minimum Off-Time
and Frequency Foldback section, the switching
frequency is also limited by the ton_min, torr min, the
input voltage, the output voltage and the frequency
foldback minimum limitation.

Input Capacitor Selection

High-quality ceramic capacitor(s) (X5R or X7R or better
dielectric grade) must be used for input decoupling of
the SGM61200. At least 2.2uF of capacitance is
recommended on the VIN input. The voltage rating
should have adequate design margin to handle the
highest expected input surge voltage. The VIN
capacitor ripple current rating must also be greater than
the maximum input current ripple.

For this design, a ceramic capacitor with at least 35V
voltage rating is required to support the maximum input
voltage. So, one 4.7uF/50V, X7R capacitor is selected
for the input decoupling capacitor. To improve high
frequency filtering, a small parallel 0.1yF ceramic
capacitor is recommended to place as close as
possible to VIN and GND pins.

Inductor Selection

Three parameters of the inductor are critical in the
design: nominal inductance value, saturation current
and maximum RMS current.

Equation 6 is conventionally used to calculate the
output inductance of a Buck converter. The ratio of
inductor current ripple (Al) to the maximum output
current (lout) is represented as Kino factor (All/lour).
The inductor ripple current is bypassed and filtered by
the output capacitor and the inductor DC current is

passed to the output. Inductor ripple is selected based
on a few considerations. The peak inductor current
(lour + Al/2) must have a safe margin from the
saturation current of the inductor in the worst-case
conditions, especially if a hard-saturation core type
inductor (such as ferrite) is chosen. For peak-current
mode converter, the saturation current should be
greater than the switch current limit.

Typically, a 20% to 40% ripple is selected (Kino = 0.2 to
0.4). Choosing a higher Kinp value reduces the selected
inductance, however, a too high Kino factor may result
in insufficient slope compensation.

_ VIN_MAX-VOUT % VOUT (6)
- IOUT x KIND \4N7MAX x fSW
A|L - VOUT x (VIN_MAX - VOUT) (7)
VINiMAX x L ox fsw

Generally, a smaller inductor is preferred to allow larger
bandwidth and smaller size. But inductor of too low
results in larger current ripple, which increases the
power dissipation in the inductor and MOSFETSs. Larger
inductor current ripple also requires more output
capacitance to smooth out the larger current ripple. The
current limit can be falsely triggered with full load when
the inductor current ripple is large. For peak-current
mode control, larger current ripple improves the signal
to noise ratio of comparator, and too small inductor
current ripple is not recommended.

In this example, Kino = 0.4 is chosen, and the minimum
inductor value for 28V input voltage is calculated to be
15.56uH. So the nearest inductance of 15uH is
selected.

Output Capacitor Selection
Two primary criteria must be considered for design of
the output capacitor (Cour):

1. The output voltage ripple.
2. The transient response to a large change in load
current.
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SGM61200

4V to 28V Input, 600mA
Synchronous Buck Converter

APPLICATION INFORMATION (continued)

Equation 8 can be used to calculate the minimum
output capacitance that is needed to supply a current
step for 8 cycles until the control loop responds to the
load change with a maximum allowed output transient
of AVout_sHoot (overshoot or undershoot).

1 8x(loy - o)

Copr > —
oot 7 N XAV, (8)

OUT_SHOOT
where:

loL = Low level output current during load transient

lon = High level output current during load transient
AVout sHoor = Target output voltage overshoot or
undershoot

For example, if the acceptable transient from OA to 0.6A
load step is 5%, by inserting AVout = 0.05 x 5V = 0.25V,
lon = 0.6A and lo. = O0A, the minimum required
capacitance will be 8.73uF.

The output voltage ripple caused by the output
capacitor charging and discharging can be dominated
by Equation 9:

Al K x|

AV - L - ino X lout 9
one (8 xfow * COUT) (8 *Fow * Cour ) ®)

Note that the impact of output capacitor ESR on the
transient is not taken into account in Equation 9. For
ceramic capacitors, the ESR is generally small enough
to ignore its impact on the calculation of AVour transient.
However, for aluminum electrolytic and tantalum
capacitors, or high current power supplies, the ESR
contribution to AVour must be considered. For a
specific output capacitance value, use Equation 10 to
calculate the output voltage ripple caused by the ESR
of the output capacitor.

AV = Al xESR =K, xl,,; xESR ~ (10)

OUT_ESR

In this example, the target output ripple is 25mV. Given
AVout Esr = AVout ¢ = 25mV, and chose Kino = 0.4.
The ESR of output capacitor should be smaller than
104mQ according to Equation 10. And the Cout should
be larger than 1.09uF according to Equation 9.

Base on the above mentioned, the output capacitor
must be larger than 8.73uF. So, one 22uF, 16V, X5R

ceramic capacitor is selected after taking derating into
consideration.

Bootstrap Capacitor

The SGM61200 requires a small external bootstrap
capacitor, Csoor, between the BOOT and SW pins to
provide the gate drive supply voltage for the high-side
MOSFET. The bootstrap capacitor is refreshed when
the high-side MOSFET is off and the low-side switch is
conducted. An X7R or X5R 0.1yF ceramic capacitor
with a voltage rating of 10V or higher is recommended
for stable operating performance over temperature and
voltage variations.

Under-Voltage Lockout Set-Point

The input UVLO can be programmed using an external
voltage divider on the EN pin of the SGM61200. In this
design, Rent is connected between VIN pin and EN pin
and Rens is connected between EN pin and GND (see
Figure 5). The UVLO has two thresholds, Vin rising for
power-up (turn-on) when the input voltage is rising and
Vin_raLLing for power-down (turn-off) when the voltage is
falling. The enable rising threshold voltage Ven_n is
1.3V (MAX) and enable hysteresis voltage Ven Hys is
0.1V (TYP). Given Vin_rising as 6.0V, select Rens to be
200kQ to minimize input current from the supply, then
Rent and Vin_ralung can be calculated by following
equations.

R.; +R
VIN_RISING = VEN_H X ENE ENE (1 1)

ENB

\Y
RENT - [ IN_RISING _ 1]XRENB (12)
EN_H
R+ R

\/IN_FALLING = (VEN_H - VEN_HYS ) X ENTR EHE (1 3)

ENB

By Equation 12, Rent is calculated to be 723kQ, and a
standard value of 698kQ is selected. Based on the
value of Rent, VINFalLng can be calculated to be
5.388V by Equation 13.
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4V to 28V Input, 600mA
SGM61200 Synchronous Buck Converter

APPLICATION INFORMATION (continued)

Layout

Layout Guidelines

PCB is an essential element of any switching power
supply. The converter operation can be significantly
disturbed due to the existence of the large and fast

VOU GND

rising/falling voltages that can couple through stray ,_|. .EECBOOT
capacitances to other signal paths, and also due to the § Iil|.|
large and fast changing currents that can interact Rresn] u1L!I z
through parasitic magnetic couplings, unless those rRFeT{ELE] gl!l

interferences are minimized and properly managed in GND VIN
the layout design. Insufficient conductance in copper
traces for the high current paths results in high resistive
losses in the power paths and voltage errors. Following
the guidelines provided here are necessary to design a
good layout:

RENB RENT

Figure 6. Top Layer

¢+ Place low-ESR ceramic capacitor (X5R or X7R or
better dielectric) Cin as close as possible to VIN
pin and GND pin. The grounding for Cin and Cout
should be local on the top side planes that connect
to the GND pin.

¢ Minimize the area and path length of the loop
formed by VIN pin, bypass capacitors connections,
SW pin and GND pin.

+ Use short, thick traces or copper pours for high
current conduction path like Vin, Vout and GND.

¢+ Keep the SW area minimal and away from
sensitive signals like FB input and divider resistors
to avoid capacitive noise coupling.

+  Place the resistor divider of Rrsr and Rrss as close Figure 7. Bottom Layer
as possible to the FB pin and avoid long traces in
the divider network. Sense Vour at the load and
place the sense path on the other side of a
shielded layer.

¢ Use heat-sinking vias to connect the ground
planes on the top and bottom layers or multiple
copper layers for heat dissipation. Ensure that
there is enough copper for heat dissipation to keep
the junction temperature below +125°C.
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PACKAGE INFORMATION

PACKAGE OUTLINE DIMENSIONS
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RECOMMENDED LAND PATTERN (Unit: mm)
L
A2 (S [oce
Lf — — — L SEATING PLANE L _ — %
A1 I 0 J
0.25 — ¢
Dimensions In Millimeters
Symbol
MIN NOM MAX
A - - 1.450
A1 0.000 - 0.150
A2 0.900 - 1.300
b 0.300 - 0.500
c 0.080 - 0.220
2.750 - 3.050
E 1.450 - 1.750
E1 2.600 - 3.000
e 0.950 BSC
el 1.900 BSC
L 0.300 - 0.600
0 0° - 8°
cce 0.100
NOTES:
1. This drawing is subject to change without notice.
2. The dimensions do not include mold flashes, protrusions or gate burrs.
3. Reference JEDEC MO-178.
€ PP G Nicro Corp TX00034.001
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PACKAGE INFORMATION

TAPE AND REEL INFORMATION

REEL DIMENSIONS

P2+

TAPE DIMENSIONS

(PO —

(] ah 4 /ah N
©) N N N N %
¥ a1l @2 a1 @2 a1l @2 } |
N N B0 —l—
Q3 Q4 Q3 Q4 Q3 Q4 J [
h—
Reel Diameter \ 1
o P1 F——A0— *’KOL
Reel Width (W1) -
===ap DIRECTION OF FEED
NOTE: The picture is only for reference. Please make the object as the standard.
KEY PARAMETER LIST OF TAPE AND REEL
Packade Tvoe Reel | ReS MMM Ao | B0 | ko | PO | P1 | P2 | W Pin1
ge Typ Diameter (mm) (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (Mm) | Quadrant
SOT-23-6 7 9.5 3.23 3.17 1.37 4.0 4.0 2.0 8.0 Q3
€€ P 56 Nicro Corp TX10000.000
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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 Length Width Height Pizza/Carton
(mm) (mm) (mm)
7" (Option) 368 227 224 8
o
o
7" 442 410 224 18 %
€€ P 56 Nicro Corp TX20000.000
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