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SGMICRO

SGM61232

28V, 3A, Buck DC/DC Converter

GENERAL DESCRIPTION

The SGM61232 is a current mode controlled
non-synchronous Buck converter with 4V to 28V input
range, 3A rated output current and adjustable output
voltages from 0.8V up to 25V. A low Roson N-MOSFET
is integrated as high-side switch. Pulse-skip mode (PSM)
feature is activated automatically for power-save mode
at light loads to improve efficiency. Because of its low
shutdown current (1.2uA, TYP), this device can be
used in battery operated applications. The internal
current mode controller with slope compensation allows
ceramic capacitors at the output and simplifies
compensation network design. The UVLO level can be
adjusted (increased) by an external resistor divider.
Protection against over-voltage transient is provided to
limit the startup or other transient overshoots. Secure
operation in overload conditions is ensured by
cycle-by-cycle current limit, frequency fold-back and
thermal shutdown protection.

The SGM61232 is offered in the Green SOIC-8
(Exposed Pad) and SOIC-8 packages. The device can
operate in the -40°C to +125°C ambient temperature
range.

SIMPLIFIED SCHEMATIC

FEATURES

4V to 28V Input Voltage Range

0.8V Internal Voltage Reference

0.8V to 25V Adjustable Output Voltage Range
Integrated 77mQ High-side MOSFET Supports up
to 3A Continuous Output Current

Fixed 540kHz Switching Frequency

Typical 1.2uA Shutdown Quiescent Current

High Light Load Efficiency

Adjustable Soft-Start to Limit Inrush Current
Programmable UVLO Threshold

Over-Voltage Transient Protection
Cycle-by-Cycle Current Limit

Frequency Fold-Back Protection

Thermal Shutdown Protection

Available in the Green SOIC-8 (Exposed Pad) and
SOIC-8 Packages

APPLICATIONS

Industrial Power Supplies
Distributed Power Systems
CPE Equipment

Set-Top Boxes

LCD Displays

Battery Chargers
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Figure 1. Simplified Schematic
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SGM61232

28V, 3A, Buck DC/DC Converter

PACKAGE/ORDERING INFORMATION

MODEL PACKAGE TE?WE%?TEUDRE ORDERING PACKAGE PACKING
DESCRIPTION NUMBER MARKING OPTION
RANGE
Soic-8 SGM
L40°C 1o +125°C | SGM61232XPS8G/TR |  61232XPS8 | Tape and Reel, 4000
(Exposed Pad)
SGM61232 XXXXX
SGM
solc-8 40°C to +125°C | SGM61232XS8G/TR 61232XS8 | Tape and Reel, 4000
XXXXX

MARKING INFORMATION

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

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........coccoviiiiiiiiiiic e -0.3V to 30V
EN Voltage.......cooveiiiiiiiiic e -0.3Vto 6V
VSENSE, COMP Voltages...........ccceecvvveveeeeeennnns -0.3V to 3V
SSVoltage......occcuvvieiieiieecee s -0.3V to 5V
BOOT-SW Volage .......cceeevieeeeiiiieiie e ()Y
SW Voltage.......ccoeeeiiiiii e -0.6V to 30V
SW Voltage 10ns Transient...........ccccoeeiieeiiiiiiiiieeee e -5V
Package Thermal Resistance
SOIC-8 (Exposed Pad), Bua.......cccoevveeieriiierinenns 39.6°C/W
SOIC-8 (Exposed Pad), 84C (TOP) «--vvveeruveeeeiiieeane 53.9°C/W
SOIC-8 (Exposed Pad), B4c (BOT) --vveeermveeeernirerannns 6.25°C/W
SOIC-8, BUA ceeieeiee e 110.5°C/W
SOIC-8, BuC eeeavvieeeieiee e et 52.4°C/W
Junction Temperature..........cccoeceveiiieee e +150°C
Storage Temperature Range........................ -65°C to +150°C
Lead Temperature (Soldering, 10S)........ccccovvveeeeeiennns +260°C
ESD Susceptibility
HBM. ..t 3000V
CDM e 1000V

RECOMMENDED OPERATING CONDITIONS
Input Voltage Range ..o, 4V to 28V
Operating Ambient Temperature Range...... -40°C to +125°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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SGM61232 28V, 3A, Buck DC/DC Converter

PIN CONFIGURATION

(TOP VIEW) (TOP VIEW)
° °
BOOT| 1 proemnennennne .| 8]sw BOOT| 1 8 |sw
VIN[ 2 | | 7]on VIN[ 2 7 |GND
i GND |
EN[ 3 5 .| 6 ]cowp EN| 3 6 |comp
ssl 4 EVSENSE SS| 4 5 | VSENSE
SOIC-8 (Exposed Pad) SOIC-8

PIN DESCRIPTION

PIN
SoIC-8 NAME /10 FUNCTION
(Exposed SOIC-8
Pad)

Bootstrap Input (for N-MOSFET gate driver supply voltage). Connect it to

1 1 BOOT o SW pin with a 0.1uF ceramic capacitor. The MOSFET will turn off if the
BOOT capacitor voltage drops below its BOOT-UVLO level to get the
capacitor voltage refreshed.

2 2 VIN P | Input Supply Voltage. Connect to a 4V to 28V power source.

Active-High Enable Input. Float or pull up to enable, or pull down below
3 3 EN | 1.08V to disable the device. VIN UVLO level can be programmed using a
resistor divider from VIN.

Soft-Start Input. Connect an external capacitor to SS pin to program the
output rise time during startup.

Trans-conductance (gm) Error Amplifier (EA) Inverting Input. It is used as
5 5 VSENSE I |the feedback input to sense and regulate Vour. Output voltage is set by a
resistor divider from the output.

EA Output (internally connected to the PWM comparator input). Place the
compensation network between COMP and GND. The EA output current is
6 6 COMP O [injected into this network to create the control voltage (Vc). It will be
compared with the compensated sensed current signal to generate the
switching pulses (set duty cycle).

4 4 SS |

7 7 GND G | Ground Pin.
Switching Node of the Converter (source of the internal MOSFET).
8 8 SW P | Connect it to the cathode of the external power diode (catch diode), the

bootstrap capacitor and the inductor.

Exposed Pad. It helps cooling the device junction and must be connected
to GND pin for proper operation.

Exposed Pad - GND G

NOTE: | = Input, O = Output, P = Power, G = Ground.
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SGM61232 28V, 3A, Buck DC/DC Converter

ELECTRICAL CHARACTERISTICS
(Vin =4V to 28V, Ty = -40°C to +125°C, typical values are measured at Ty = +25°C, unless otherwise noted.)

PARAMETER |symBoL | CONDITIONS | MmN | TYP | mAX | UNITS
Supply Voltage (VIN Pin)

Operating Input Voltage Vin 4 28 \%
Rising 3.45 3.7
Internal UVLO Threshold Vuvio \%
Falling 3 3.17 34
Shutdown Supply Current Iston  |[EN =0V, Viy =12V 1.2 25 MA
Operating Supply Current (Non-switching) la Vsense = 1V, Viy = 12V 120 180 MA
Enable and UVLO (EN Pin)
Rising 1.25 1.35
Enable Threshold VEN TH \
- Falling 1.01 1.08 1.16
Enable threshold - 50mV -0.8 MA
Input Current len
Enable threshold + 50mV -3.7 MA

Voltage Reference
Voltage Reference | Veer | | 0.778 [ 0800 | 0832 | v
High-side MOSFET

On-Resistance Roson BOOT-SW = 3V, Viy = 4V 85 150 mQ
BOOT-SW =5V, Viy = 12V 77 140 mQ

Error Amplifier

Error Amplifier Transconductance gm -2uA < lcomp < 2uA, Vcowr = 1V 131 HAN

Error Amplifier DC Gain Vggm  |Vsense = 0.8V 1995 VIV

Error Amplifier Unity Gain Bandwidth Gew 5pF capacitance from COMP to GND pins 2.7 MHz

Error Amplifier Source/Sink Current lgm Veowe = 1V, 100mV input overdrive +7 MA

Switch Current to COMP Transconductance | GMcowe |VIN =12V 12 AN

Power-Save Mode

Power-Save Mode Switch Current Threshold | ILm | ‘ | 340 | | mA

Current Limit

Current Limit Threshold |l vn=12v,T,=425%C | 46 | 55 | | A

Thermal Shutdown

Thermal Shutdown | Toon | | | 165 | | <c

Soft-Start (SS Pin)

SS Charge Current Iss Vss = 0.4V 2 MA

SS to VSENSE Matching (Difference) Vss = 0.4V 10 mV

Switching Frequency

Switching Frequency fsw Vin =12V, T, = +25°C 400 540 700 kHz

Minimum Controllable On-Time ton Vin =12V 105 ns

Maximum Controllable Duty Cycle D 96 %
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SGM61232 28V, 3A, Buck DC/DC Converter

TYPICAL PERFORMANCE CHARACTERISTICS

Ty = +25°C, Vin = 12V and Vourt = 3.3V, unless otherwise noted.
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SGM61232 28V, 3A, Buck DC/DC Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ty = +25°C, Vin = 12V and Vourt = 3.3V, unless otherwise noted.
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SGM61232 28V, 3A, Buck DC/DC Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ty = +25°C, Vin = 12V and Vourt = 3.3V, unless otherwise noted.
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SGM61232

28V, 3A, Buck DC/DC Converter

FUNCTIONAL BLOCK DIAGRAM
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Figure 2. SGM61232 Block Diagram
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SGM61232

28V, 3A, Buck DC/DC Converter

DETAILED DESCRIPTION

Overview

The SGM61232 is a 28V Buck converter with integrated
N-MOSFET power switch and 3A continuous output
current capability. Using peak current mode control and
operating at fixed PWM frequency, this device provides
good line and load transient responses with reduced
output capacitance and simple compensation.

The minimum operating input voltage of the device is
4V and its nominal frequency is 540kHz. The output
voltage can be set down to 0.8V (reference voltage).
Typical no-load operating current is 120pA. It reduces
to 1.2pA if the device is disabled. The low Rpson
high-side switch (77mQ) allows high operating
efficiency.

The EN pin is internally pulled up by a current source
that can keep the device enable if EN is floating. It can
also be used to increase the input UVLO threshold
using a resistor divider.

The bootstrap diode is integrated and only a small
capacitor between BOOT and SW pins (Csoor) is
needed for the MOSFET gate driving bias. A separate
UVLO circuit monitors Csoot voltage and turns the
switch off if this voltage falls below a preset threshold.

The SS pin internal current source allows soft-start time
adjustments with a small external capacitor. This
feature provides more flexibility in output filter design.

Light load efficiency is enhanced by a special
pulse-skip mode that is activated when the peak
inductor current falls below 340mA (TYP).

During startup and over-current, the frequency is
reduced (frequency fold-back) to allow easy
maintenance of low inductor current. The thermal
shutdown provides an additional protection in fault
conditions.

Minimum Input Voltage (4V) and UVLO

The recommended minimum operating input voltage is
4V, however, the actual UVLO threshold can be less
than this value and the device may operate at voltages
below 4V. The UVLO threshold is not specified. If Vin

falls below UVLO voltage, the device will stop switching.

If the EN pin is left floating or pulled high and Vin
exceeds the UVLO threshold, the device will start up
with a soft-start.

Enable Input and UVLO Adjustment

An internal current source pull-up keeps the EN pin
voltage at high state by default. The device will disable
if the EN voltage is externally pulled low. It will also
disable if VIN pin voltage falls below its under-voltage
lockout threshold. If Vin minimum range is less than
Vout + 2V, an external VIN UVLO adjustment (resistor
divider in Figure 3) is recommended to increase the
VIN turn-on threshold and add hysteresis to UVLO
comparator. Figure 3 shows how UVLO and hysteresis
are increased using Rent and Ren2. A 3.7pyA additional
current is injected to the divider when EN voltage
exceeds Venn = 1.25V to provide hysteresis and it will
be removed when EN pin voltage is below Ven. = 1.08V.
Use Equations 1 and 2 to calculate these resistors.
VstarT is the input start (turn-on) threshold voltage and
Vstop is the input stop (turn-off) threshold voltage. The
selected Vstop threshold must be higher than 4V.

V,
(VSTART ~Verop ) - VENiHYS x %
Reni = 0.8UA ENt
3.7TuA + Vg, H\(s><i (1)
N Venn
V,
Rey, = ENH (2)

MJFOBUA

EN1

0.8uA 3.7uA

VEN

Figure 3. VIN UVLO Adjustment

Bootstrap Gate Driving (BOOT)

An internal regulator provides the bias voltage for gate
driver using a 0.1uF ceramic capacitor. A ceramic
capacitor with X5R or better grade dielectric is
recommended. The capacitor must have a 10V or
higher voltage rating. The BOOT capacitor is refreshed
when the high-side MOSFET is off and the external
low-side diode conducts.
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SGM61232

28V, 3A, Buck DC/DC Converter

DETAILED DESCRIPTION (continued)

SS Pin and Soft-Start Adjustment

It is recommended to add a soft-start capacitor (Css)
between SS pin and GND to set the soft-start time from
1ms to 10ms for a proper startup. The lower of the SS
pin voltage Vss and Vrer is applied to the error amplifier
to regulate the output. The internal Iss = 2uA current
charges Css and provides a linear voltage ramp on the
SS pin. Use Equation 3 to calculate the soft-start time
(10% to 90% rise). It is recommended that Css be less
than 27nF.

Ces (NF)x Vg (V)
lss (MA) (3)

Error Amplifier (EA)

This device uses a trans-conductance amplifier to
compare the sensed output voltage (Vsense) and the
internal reference as error amplifier (EA). The gain of
EA amplifier in normal operation is 131uA/V. The output
current is injected into the frequency compensation
network (between COMP and GND pins) to produce
the control signal (Vc) for the PWM comparator.

tss (Ms) =

Slope Compensation

Without implementing some slope compensation, the
PWM pulse widths will be unstable and oscillatory at
duty cycles above 50%. To avoid sub-harmonic
oscillations in this device, an internal compensation
ramp is added to the measured switch current before
comparing it with the control signal by the PWM
comparator.

Power-Save Mode

To reduce light load loss and increase the efficiency,
pulse-skip mode (PSM) feature is included in the
SGM61232. When the peak inductor current is below
340mA (TYP), the COMP pin voltage (Vc) will be lower
than 0.5V (TYP). The device will enter power-save
mode in such conditions. In this mode, Vc is internally
clamped at 0.5V that inhibits the MOSFET switching.
The device can exit PSM if Vc rises above the clamp
level and the peak inductor current exceeds 340maA.
Since the peak inductor current is the sensed
parameter for entering the PSM, the actual load current
(DC) threshold for PSM will depend on the output filter.

Over-Current Protection and Frequency
Fold-back

Over-current protection (OCP) is naturally provided by
current mode control. In each cycle, the high-side (HS)
current sensing starts a short time (blanking time) after
the HS switch is turned on. The sensed HS switch

current is continuously compared with the current limit
threshold and when the HS current reaches to that
threshold, the HS switch is turned off.

The natural OCP of the peak current mode control may
not be able to provide a complete protection when an
output short-circuit occurs and an extra protection
mechanism for short-circuit is needed. During an output
short, inductor current may runaway above over-
current limits. Current runaway can saturate the
inductor and the current may even increase higher until
the device is damaged. This is because the inductor
current cannot be reset (volt-second balance) during
the off-time. During the output short, only a small
negative diode forward voltage appears across the
inductor during the off-time. Note that the minimum
on-time is limited, and in each cycle, all input voltage
appears on the inductor during the minimum on-time.
The circuit delays and reaction time makes these
conditions even worse, and in each cycle, the current is
increased to a new higher level. In the SGM61232, this
problem is effectively solved by increasing the off-time
during short-circuit by reducing the switching frequency
(frequency fold-back). As the output voltage drops and
VSENSE voltage falls from 0.8V to 0V, the frequency
will be divided by 1, 2, 4, and 8 depending on the drop
as shown in Table 1.

Table 1. Frequency Fold-Back with Vour Drop

Switching Frequency VSENSE Pin Voltage
540kHz Vsense 2 0.6V

540kHz / 2 0.6V > Vegense 2 0.4V

540kHz / 4 0.4V > Vgense 2 0.2V
540kHz / 8 0.2V > Vsense

Over-Voltage Transient Protection

When an overload or an output fault condition is
removed, large overshoots may occur on the output.
The SGM61232 includes a protection circuit to reduce
such over-voltage transients. If VSENSE voltage
exceeds 109% of the Vrer threshold, the MOSFET is
turned off. When it returns below 107% of the Vrer, the
MOSFET is released again.

Thermal Shutdown (TSD)

If the junction temperature (TJ) exceeds +165°C, the
TSD protection circuit will stop switching to protect the
device from overheating. The device will automatically
restart with a power up sequence when the die
temperature drops below +140°C.
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SGM61232

28V, 3A, Buck DC/DC Converter

APPLICATION INFORMATION

A typical application circuit for the SGM61232 as a Buck converter is shown in Figure 4. It is used for converting a
5.5V to 28V supply voltage to a lower voltage level supply voltage (3.3V) suitable for the system.

Typical Application

R4 C4
Vi = 5.5V to 28V 0Q O.1pF
VIN BOOT —AMW—]
c L VOUT =3.3V
2 lout = 3A (MAX)
4 TuE ] A THF 100nF EN SwW
SGM61232
- — COMP
SS 18kQ
3 3nF
c VSENSE
S
33pF 7] 10nF Rs
22kQ GND 5.76kQ

Figure 4. SGM61232 Typical Application Circuit

Requirements
The design parameters given in Table 2 are used for
this design example.

Table 2. Design Parameters

Design Parameter Example Value

Input Voltage 12V nominal, 5.5V to 28V
Start Input Voltage (Rising Vin) v
Stop Input Voltage (Falling Vin) 5.5V

Input Ripple Voltage 360mV, 3% of Vin_nom

Output Voltage 3.3V

Output Ripple Voltage 33mV, 1% of Vour

Output Current Rating 3A
'Sﬂ;z;snent Response 1.5A to 3A Load 165mV., 5% of Vour

540kHz

Operating Frequency

Input Capacitors Design

A high-quality ceramic capacitor (X5R or X7R or better
dielectric grade) must be used for input decoupling of
the SGM61232. At least 3uF of effective capacitance
(after deratings) is needed on the VIN input. In some
applications, additional bulk capacitance may also be
required for the VIN input, for example, when the
SGM61232 is more than 5cm away from the input

source. The VIN capacitor ripple current rating must
also be greater than the maximum input current ripple.
The input current ripple can be calculated using
Equation 4 and the maximum value occurs at 50% duty
cycle. Using the design example values, lout = 3A,
yields an RMS input ripple current of 1.5A.

Vo x (V- V.
lom_rus = lour X\/ e ( x OUT) =lour X\/DX(1-D) (4)

Vin % Viy

For this design, a ceramic capacitor with at least 50V
voltage rating is required to support the maximum input
voltage. So, two 4.7uF/50V capacitors in parallel are
selected for VIN to cover all DC bias, thermal and aging
deratings. The input capacitance determines the
regulator input voltage ripple. This ripple can be
calculated from Equation 5. In this example, the total
effective capacitance of the two 4.7uF/50V capacitors
is around 3.7uF at 12V input, and the input voltage
ripple is 300mV.

lour ><D><(1-D)
—_— 4] ESR
Cp xfoy FlourX CIN (5)

AVi =

It recommended to place an additional small size
100nF ceramic capacitor right beside VIN and GND
pins (anode of the diode) for high frequency filtering.
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SGM61232

28V, 3A, Buck DC/DC Converter

APPLICATION INFORMATION (continued)

Inductor Design

Equation 6 is conventionally used to calculate the
output inductance of a Buck converter. Generally, a
smaller inductor is preferred to allow larger bandwidth
and smaller size. The ratio of inductor current ripple (AlL)
to the maximum output current (lout) is represented as
Kino factor (Al/lout). 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 (lout + AlL/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, selecting an inductor with
saturation current above the switch current limit is
sufficient. The ripple current also affects the selection
of the output capacitor. Coutr RMS current rating must

be higher than the inductor RMS ripple. Typically, a 20%

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

L= Vin_wax — Vour y Vour (6)

lour *Kino \/INiMAX xfow

Kino = 0.3 is a suitable choice when low-ESR ceramic
capacitors are used for output capacitors. Kino = 0.2 is
preferred when a high-ESR output capacitor is used. In
this example, the calculated inductance will be 6uH
with Kino = 0.3, so the nearest larger inductance of
6.8uH is selected. The ripple, RMS and peak inductors
current calculations are summarized in Equations 7, 8
and 9 respectively.

Al = \/INfMAX _VOUT % VOUT (7)
) L \/IN_MAX *fow
/ AP
lL_RMS = I(Z)UT +1_2L (8)
Al (9)

| =gy + ot
L_PEAK ouT
- 2

The current flowing through the inductor is the inductor
ripple current plus the output current. During power-up,
faults or transient load conditions, the inductor current
can increase above the calculated peak inductor
current level calculated above. In transient conditions,

the inductor current can increase up to the switch
current limit of the device. For this reason, the most
conservative approach is to specify an inductor with a
saturation current rating equal to or greater than the
switch current limit rather than the peak inductor
current.

External Diode (Catch Diode)

An external power diode between the SW and GND
pins is needed for the SGM61232 to complete the
converter. This diode must tolerate the application’s
absolute maximum ratings. The reverse blocking
voltage must be higher than Vin_max and its peak
current must be above the maximum inductor current.
Choose a diode with small forward voltage drop for
higher efficiency. Typically, diodes with higher voltage
and current ratings have higher forward voltages. A
diode with a minimum of 30V reverse voltage is
preferred to allow input voltage transients up to the
rated voltage of the SGM61232.

Output Capacitor Design

Three primary criteria must be considered for design of
the output capacitor (Cout): (1) the converter pole
location, (2) the output voltage ripple, (3) the transient
response to a large change in load current. The
selected value must satisfy all of them. The desired
transient response is usually expressed as maximum
overshoot, maximum undershoot, or maximum
recovery time of Vour in response to a large load step.
Transient response is usually the more stringent criteria
in low output voltage applications. The output capacitor
must provide the increased load current or absorb the
excess inductor current (when the load current steps
down) until the control loop can re-adjust the current of
the inductor to the new load level. Typically, it requires
two or more cycles for the loop to detect the output
change and respond (change the duty cycle). Another
requirement may also be expressed as desired hold-up
time in which the output capacitor must hold the output
voltage above a certain level for a specified period if the
input power is removed. It may also be expressed as
the maximum output voltage drop or rise when the full
load is connected or disconnected (100% load step).
Equation 10 can be used to calculate the minimum
output capacitance that is needed to supply a current
step (Alour) for at least 2 cycles until the control loop
responds to the load change with a maximum allowed
output transient of AVout (overshoot or undershoot).
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SGM61232

28V, 3A, Buck DC/DC Converter

APPLICATION INFORMATION (continued)

2% Al

Cour >
o fow X AViyr

(10)

where:
* Alour is the change in output current.

» AVour is the allowable change in the output voltage.

For example, if the acceptable transient from 1.5A to
3A load step is 5%, by inserting AVout = 0.05 % 3.3V =
0.165V and Aloutr = 1.5A, the minimum required
capacitance will be 33.7uF. Note that the impact of
output capacitor ESR on the transient is not taken into
account in Equation 10. For ceramic capacitors, the
ESR is generally small enough to ignore its impact on
the calculation of AVour transient.

The output capacitor must also be sized to absorb
energy stored in the inductor when transitioning from a
high to low load current. The energy stored in the
inductor can produce an output voltage overshoot when
the load current decreases rapidly. The excess energy
absorbed in the output capacitor increases the voltage
on the capacitor. The capacitor must be sized to
maintain the desired output voltage during these
transient periods. Equation 11 calculates the minimum
capacitance required to keep the output-voltage
overshoot to a desired value.

2 _ |2
OUT_H OUT_L

Cour >Lx 2
(VOUT +AVoyr ) - ij

(11)

where:
* lout_H is the output current under heavy load.

* lout_L is the output current under light load.

For example, if the acceptable transient from 3A to
1.5A load step is 5%, by inserting AVour = 0.05 % 3.3V
= 0.165V, the minimum required capacitance will be
41 1uF.

Equation 12 can be used for the output ripple criteria
and finding the minimum output capacitance needed.
Vout riprLE iS the maximum acceptable ripple. In this
example, the allowed ripple is 33mV that results in
minimum capacitance of 6.1uF.

Al (12)

Cour > 8xf., xV.
sSw OUT _RIPPLE

Note that the impact of output capacitor ESR on the
ripple is not considered in Equation 12. For a specific

output capacitance value, use Equation 13 to calculate
the maximum acceptable ESR of the output capacitor
to meet the output voltage ripple requirement.

V,

1
ESR < Jout_RiPPLE _
o Al 8xfsw xCour (13)

Higher nominal capacitance value must be chosen due
to aging, temperature, and DC bias derating of the
output capacitors. In this example, two 47uF/10V X5R
ceramic capacitors with 3mQ of ESR are used. There is
a limit to the amount of ripple current that a capacitor
can handle without damaging or overheating. The
inductor ripple is bypassed through the output capacitor.
Equation 14 calculates the RMS current that the output
capacitor must support. In this example, it is 229mA.

_ Vour % (VINfMAX - VOUT)
couT_Rus = 75 Vi s %L x foy

| (14)

Bootstrap Capacitor Selection

Use a 0.1uF high-quality ceramic capacitor (X7R or
X5R) with 10V or higher voltage rating for the bootstrap
capacitor (C4). It is recommended to add a resistor R4
in series with C4 to slow down switch-on speed of the
HS switch and improve radiated EMI problems. The Ra
value depends on the size of the HS switch. For most
applications, it's approximately 5Q to 10Q. Too high
values for R4 may cause insufficient C4 charging in high
duty-cycle applications. Slower switch-on will also
increase switch losses and reduce efficiency.

UVLO Setting
The under-voltage lockout (UVLO) can be programmed
using an external voltage divider on the EN pin of the
SGM61232. In this design Ri1 is connected between
VIN and the EN pin and Rz is connected between EN
and GND (see Figure 4). The UVLO has two thresholds,
one for power-up (turn-on) when the input voltage is
rising, and one for power-down or brownout (turn-off)
when the voltage is falling. In this design, the turn-on
(enable to start switching) occurs when Vn rises above
7V (UVLO rising threshold). When the regulator is
working, it will not stop switching (disabled) until the
input falls below 5.5V (UVLO falling threshold).
Equations 1 and 2 are provided to calculate the
resistors. For this example, the nearest standard
resistor values are R1 = 143kQ and Rz = 30.9kQ.
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SGM61232

28V, 3A, Buck DC/DC Converter

APPLICATION INFORMATION (continued)

Soft-Start Capacitor Selection

The soft-start capacitor programs the ramp-up time of
the output voltage during power-up. Due to the limited
voltage slew rate required by the load or limited
available input current, a ramp is needed in many
applications to avoid input voltage sag during startup
(UVLO) or to avoid over-current protection that can
occur during output capacitor charging. Soft-start will
solve all these issues by limiting the output voltage slew
rate.

Equation 3 (with Iss = 2uA and Vrer = 0.8V) can be
used to calculate the soft-start capacitor for a required
soft-start time (tss). In this example, the output
capacitor value is relatively small (2 x 47uF) and the
soft-start time is not critical because it does not require
too much charge for 3.3V output voltage. However, it is
better to set a small arbitrary value, like Css = 10nF that
results in 4ms startup time.

Feedback Resistors Setting
Use resistor dividers (Rs and Rs) to set the output
voltage using Equations 15 and 16.

R. xV,
R = 5 X VREF 15
° VOUT _VREF ( )
R
Vour = Vker X[R—5+1] (16)
6

Recommended to choose Rs around 10kQ and
calculate Res from Equation 15. Use accurate and stable
resistors (1% or better) to enhance output accuracy.
For this example, the selected values are Rs = 18kQ
and Re = 5.76kQ, resulting in a 3.3V output voltage.

Compensation Network Setting

Several techniques are used by engineers to
compensate a DC/DC regulator. The method presented
here uses simple calculations and generally results in
high phase margins. In most conditions, the phase
margin will be between 60 and 90 degrees. In this
method the effects of the slope compensation are
ignored. Because of this approximation, the actual
cross over frequency is usually lower than the
calculated value.

First, the converter pole (fr) and ESR-zero (fz) are
calculated from Equations 17 and 18. For Cour, the
worst de-rated value of 47.6uF should be used.

Equations 19 and 20 can be used to find an estimation
for closed-loop crossover frequency (fco) as a starting
point (choose the lower value).

|
£ = out
Fo2mx Vour * Cour (17)

1
f =
Z 2mxESRyoyr X Cour

(18)

foo = /o xf, (19)
£ = If st_W (20)
co P 2

For this design, fr = 3.04kHz and fz = 1.11MHz.
Equation 19 vyields 58.21kHz for crossover frequency
and Equation 20 gives 28.65kHz. The lower value
28.65kHz will be chosen as the intended crossover
frequency. Having the crossover frequency, the
compensation network (Rs and Cs) can be calculated.
Rs sets the gain of the compensated network at the
crossover frequency and can be calculated by Equation
21.
_ 21T>< fCO X VOUT X COUT
O % Vrer X GMeoyp

R, (21)
Cs sets the location of the compensation zero along
with Rs. To place this zero on the converter pole, use
Equation 22.

VOUT X C:OUT

Ce = (22)

lour xRy
From Equations 21 and 22, the standard selected
values are Rs = 22kQ and Ce = 3.3nF.

A compensation pole can be implemented if desired by
adding capacitor C7 in parallel with the series
combination of Rs and Ce. Use the larger value
calculated from Equation 23 and Equation 24 for C7 to
set the compensation pole. The selected value of C7 is
33pF.

ESRcour X Cour

G, = (23)

C,=—5 (24)
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SGM61232

28V, 3A, Buck DC/DC Converter

APPLICATION INFORMATION (continued)

Layout Considerations

A PCB layout example is provided in Figure 5 and
Figure 6. This layout has been proved to bring good
results although other layout designs may also obtain
good performance.

» Bypass the VIN pin to GND pin (where it connects to

the anode pin of the power diode) with low-ESR
ceramic capacitors (10uF/X5R or better) and place
them as close as possible to the device.

» Connect the diode as close as possible to SW and
GND pins.

» Share the same GND connection point with the input
and output capacitors.

» Connect the device GND to the PCB ground plane
right at the GND pin.

* Minimize the length and the area of the connection

route from SW pin to the cathode of the diode and the
inductor to reduce the noise coupling from this area.

» Consider sufficient ground plane area on the top side

for proper heat dissipation. Because the SGM61232
has a fused lead frame, the GND pin acts as a heat
conduction path from the die to the PCB for better
cooling. Connect the large internal or back-side ground
planes to the top-side ground near the device with
thermal vias for better heat dissipation.

o
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Figure 5. Top Layer

- GND

. o NS °
C4 R4

00000000
00000000
Q00CC0O0O0O0
00000000

oo

co0o0o0
o000
0000
o000
0000
0000
0000
oooo

o0oo0o0o0

00000000
00000000
00000000
00000000

000000

Figure 6. Bottom Layer
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PACKAGE INFORMATION

PACKAGE OUTLINE DIMENSIONS
SOIC-8 (Exposed Pad)

j
i

[ ]

1]

1.27 0.61

T i |
VT o | Ly

j SEATING PLANE j:
A1 0 c

Dimensions
Symbol In Millimeters
MIN MOD MAX
A 1.700
A1 0.000 - 0.150
A2 1.250 - 1.650
b 0.330 - 0.510
c 0.170 - 0.250
4.700 - 5.100
D1 3.020 - 3.420
E 3.800 - 4.000
E1 5.800 - 6.200
E2 2.130 - 2.530
1.27 BSC
0.400 - 1.270
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 MS-012.
@ SG Micro Corp TX00013.003
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PACKAGE INFORMATION

PACKAGE OUTLINE DIMENSIONS

SOIC-8
D 1
BN
— ﬁ 2.2
L] il U
|
= E —
52
O
T HalLAER
2 iNiiagy
N
1.27
RECOMMENDED LAND PATTERN (Unit: mm)
L 1
/V jmtgtw\ | | s
Al- (j: cT
A2-
Dimensions Dimensions
Symbol In Millimeters In Inches
MIN MAX MIN MAX
A 1.350 1.750 0.053 0.069
Al 0.100 0.250 0.004 0.010
A2 1.350 1.550 0.053 0.061
b 0.330 0.510 0.013 0.020
c 0.170 0.250 0.006 0.010
D 4.700 5.100 0.185 0.200
E 3.800 4.000 0.150 0.157
El 5.800 6.200 0.228 0.244
1.27 BSC 0.050 BSC
0.400 1.270 0.016 0.050
0° 8° 0° 8°
NOTES:

1. Body dimensions do not include mode flash or protrusion.
2. This drawing is subject to change without notice.
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PACKAGE INFORMATION

TAPE AND REEL INFORMATION

REEL DIMENSIONS
TAPE DIMENSIONS
P2~ ——Po0
- =
)
o N o NZEANP
w ‘ —
a1l a2 a1l @2 a1l a2 H
BO ——
a3 /04 a3 a4 Q3 /Q4 \ I
—
Reel Diameter 1
I P1 Y —— »—KOL
Reel Width (W1) -
m=mmp DIRECTION OF FEED
NOTE: The picture is only for reference. Please make the object as the standard.
KEY PARAMETER LIST OF TAPE AND REEL
Packace Tvoe Reel | RSN a0 | Bo [ ko | PO | P1 | P2 | W Pin1
ge yp Diameter (mm) (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | Quadrant
SOIC-8 "
(Exposed Pad) 13 12.4 6.40 5.40 2.10 4.0 8.0 2.0 12.0 Q1
SOIC-8 13" 12.4 6.40 5.40 2.10 4.0 8.0 2.0 12.0 Q1
€ D 56 Vicro 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 L(er:%t)h m‘:‘t‘? I-(I::g:;t Pizza/Carton
13" 386 280 370 5 %
€ D 56 Vicro Corp TX20000.000
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