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SGMICRO

SGM64200
Dual-Output or Two-Phase

Synchronous Buck Controller

GENERAL DESCRIPTION

The SGM64200 integrates two synchronous Buck
controllers which can be configured as two independent
single-phase outputs or one dual-phase output. Two
devices can also be linked up as a master-slave
through an external pin to provide four single-phase
outputs or two dual-phase outputs. The switching
phases of linked devices are adjustable to achieve four
phases interleaving. The device accepts an input range
from 3V to 20V with a precise reference voltage of
0.6V.

The controllers employ fixed frequency voltage mode
PWM
current-sense and PGOOD pins are incorporated to

regulation scheme. Separated enable,
allow soft-start times and current limits to be
programmable individually. The device offers individual
over-current,  output

over-voltage and output

under-voltage protections.

APPLICATIONS

Servers

Telecom Base Station

Switcher and Router Networking
Multiple Rail or Storage System
xDSL Broadband Access

FEATURES

® Two Single-Phase or One Dual-Phase Outputs

® SYNC Pin with One Cycle Clock Recovery

® PHASE Pin with 0°/180° or 90°/270° Operation

e Two Devices in Master-Slave Mode

e Wide Input Supply from 3V to 20V

® Precise Reference of 600mV: £0.75%

e Adjustable Output from 0.6V to 5.4V

e Adjustable Frequency from 100kHz to 1MHz

® Voltage Mode PWM with Input Feedforward

® Dual N-MOSFET Drivers with Integrated
Bootstrap Switch

e Accurate Inductor DCR or Resistor Current
Sense

¢ |ndividual Power Good Open-Drain Pin

¢ |Individual Enable Pin & Programmable Soft-Start
Time Capable of Pre-Bias Startup

e Accurate Current Sharing in Dual-Phase

® Remote Output Sense Amplifier in Dual-Phase

® |ndividual Over-Current Limit Set

e Cycle-by-Cycle Over-Current Limit with Hiccup

e [nput Supply Under-Voltage Lock-Out Pin

¢ Individual Output Over-Voltage/Under-Voltage
Protection

® Thermal Shutdown Protection

® Available in a Green TQFN-5x5-32AL Package
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SGM64200

Dual-Output or Two-Phase
Synchronous Buck Controller

PACKAGE/ORDERING INFORMATION

MODEL PACKAGE TE?IIFI"EE(I:'\!;ITEUDRE ORDERING PACKAGE PACKING
DESCRIPTION NUMBER MARKING OPTION
RANGE
SGM64200
SGM64200 | TQFN-5x5-32AL -40°C to +125°C SGM64200XTRX32G/TR XTRX32 Tape and Reel, 3000
XXXXX

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

VIN Voltage........coccoviiiiiiiiiiiceec e -0.3V to 22V
SW1, SW2 Voltage ......ccceeceeveiiiiiaeeiie e -3V to 27V
SW1, SW2 Voltage (< 100ns Pulse Width)....................... -5V
SW1, SW2 Voltage (< 10ns Pulse Width).......... -7.5V to 30V
BST1, BST2 Voltage.........c.ccooecvvvveeeeeeceiieen. -0.3V to 30V
BST1, BST2 Voltage (< 10ns Pulse Width) ....... -0.5V to 33V
VDDGBV Voltage........cuevieiiiiiiiiiiea e, -0.3Vto 7V
HS1, HS2 Voltage..........ccceeeeiieeeeiee e -2V to 30V

BST1-SW1, BST2-SW2, HS1-SW1, HS2-SW2 Voltage
(Differential from BST or HS to SW)

............................................................................. -0.3Vto 7V
All Other Pins Voltage.........ccccoieeieiiiiiiiiieeeeeee -0.3Vto 7V
Package Thermal Resistance

TQFN-5%5-32AL, A .-veeireeeeiiiiiieeiie e 35°C/wW
Junction Temperature..........cccccccoevcvvieieeeeee e +150°C
Storage Temperature Range........................ -65°C to +150°C
Lead Temperature (Soldering, 10S)........ccccvvveeeeeeinnns +260°C
ESD Susceptibility

HBM. ..ot 4000V
CDM e 1000V

RECOMMENDED OPERATING CONDITIONS
Input Voltage Range...........cccccveiviieiininc e 3V to 20V
Operating Junction 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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Dual-Output or Two-Phase

SGM64200 Synchronous Buck Controller

PIN CONFIGURATION

(TOP VIEW)
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PIN NAME DESCRIPTION
In master mode, the internal 2x free running clock, set by FREQ pin, is driven out at SYNC pin. The 2x
1 SYNC free running clock is at 50% duty cycle. In slave mode, the device can be synchronized to an external
clock which is +20% of the 2x free running clock. This pin must be left floating while not being used.
Connect a resistor from this pin to AGND to set the internal free running clock. This pin is normally
2 FREQ
regulated at 0.8V.
Input pin to start and stop CH1. Pulling this pin low disables CH1 while connecting this pin to AGND
3 EN1 through a capacitor enables CH1. The capacitor is charged with an internal current source of 10pA to
control the soft-start time. The ramp voltage of this pin is shifted down by 0.85V before applying to the
second non-inverting input to the error amplifier of CH1.
4 FB1 Inverting input of the error amplifier of CH1. This pin should be at 0.6V when the output voltage is in
regulation.
5 COMP1 Output of the error amplifier of CH1.
6 AGND Analog Ground.
7 COMP2 Output of the error amplifier of CH2. Connect this pin to COMP1 for dual-phase operation.
8 FB2 Inverting input of the error amplifier of CH2. This pin should be at 0.6V when the output voltage is in
regulation. Connecting FB2 pin to the VDD6V pin enables dual-phase operation.
9 ROUT Output of the remote sense differential amplifier. Connect this pin to the sense resistor of CH1 in
dual-phase operation. This pin must be left floating while not being used.
Input pin to start and stop CH2. Pulling this pin low disables CH2 while connecting this pin to AGND
through a capacitor enables CH2. The capacitor is charged by an internal current source of 10pA to
10 EN2/RGND | control the soft-start time. The ramp voltage of this pin is shifted down by 0.85V before applying to the
second non-inverting input to the error amplifier of CH2. In dual-phase operation, this pin serves as
the negative input (RGND) of the remote sense differential amplifier.
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SGM64200

Dual-Output or Two-Phase
Synchronous Buck Controller

PIN DESCRIPTION (continued)

PIN NAME DESCRIPTION
Connect a resistor from this pin to AGND. A precise 10pA current source flowing out from this pin
11 OCTH2/RSNS | through the resistor to AGND adjusts the over-current limit of CH2. In two-phase mode, this pin serves
as the positive input (RSNS) of the remote sense differential amplifier.
12 ISNS2- Negative input of current sense amplifier of CH2.
13 ISNS2+ Positive input of current sense amplifier of CH2.
14 PG2 Open-drain power good output of CH2. Connect a pull-up resistor to this pin.
Bootstrapped supply of the high-side driver of CH2. Connect a 0.1uF ceramic capacitor from this pin
15 BST2 .
to SW2 pin.
16 HS2 High-side driver output of CH2.
17 SW2 Return path of the high-side driver of CH2.
18 LS2 Low-side driver output of CH2.
19 PGND2 Power ground of CH2 and return path of the low-side driver of CH2. Connect this pin to AGND at a
single point.
Output of the internal 6V regulator. Connect a low ESR ceramic capacitor of at least 3.3uF from this
20 VDD6V .
pin to AGND.
21 PGND1 Power ground of CH1 and return path of the low-side driver of CH1. Connect this pin to AGND at a
single point.
22 LS1 Low-side driver output of CH1.
23 SWi1 Return path of the high-side driver of CH1.
24 HS1 High-side driver output of CH1.
Bootstrapped supply of the high-side driver of CH1. Connect a 0.1uF ceramic capacitor from this pin
25 BST1 .
to SW1 pin.
Supply input of the device. Connect a low ESR ceramic capacitor of at least 1uF from this pin to
26 VIN
AGND.
27 PG1 Open-drain power good output of CH1. Connect a pull-up resistor to this pin.
28 ISNS1+ Positive input of current sense amplifier of CH1.
29 ISNS1- Negative input of current sense amplifier of CH1.
Connect a resistor from this pin to AGND. A precise 10uA current source flowing out from this pin
30 OCTH1 through the resistor to AGND adjusts the over-current limit of CH1. In two-phase mode, this pin also
adjusts the over-current limit.
31 VINS Connect this pin to the supply voltage through a resistive divider to AGND to control the minimum
operating voltage of the device.
32 PHASE Set master or slave mode, and select the operating phase.
Thermal Exposed Pad. It is the main thermal relief path of the die connected to the ground plan on the
— Exposed Pad PCB
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SGM64200

Dual-Output or Two-Phase
Synchronous Buck Controller

ELECTRICAL CHARACTERISTICS

(Ty =-40°C to +125°C, Vvin = 12V, Rrreq = 40kQ, fsw = 500kHz, typical values are at T, = +25°C, unless otherwise noted.)

PARAMETER | symBoL | CONDITIONS MIN TYP MAX | UNITS
Input Supply
Input Voltage Range Vvin 3 20 V
Shutdown Ivinsp Venie = OV 170 240 pA
Quiescent, Non-Switching lving Veg = 0.65V, EN1/EN2 float 5.2 7 mA
VINS UVLO
Minimum Turn-on Voltage UvLO 1.21 1.24 1.27 Vv
Hysteresis Current UVLOmys 13 15 17 uA
VDD6V Regulator
Regulator Voltage Vvbpsv Vyin = 7V to 20V 5.7 6 6.3 \Y
Regulator Dropout Voltage Vvooevoo | lvopev = 25mA, Vyiy = 3V 85 150 mV
Regulator Continuous Current Limit " lvboey 110 mA
Regulator Output UVLO Vvppev-uvio 2.5 2.75 2.98 \
Regulator Output UVLO Hysteresis Vvppev-Hys 160 210 270 mV
Oscillator and Ramp Generator
Oscillator Frequency faw 100 1000 Kz
Rrrea = 40kQ 470 500 530 kHz
Ramp Amplitude (Peak-to-Peak) Vrave 3V < Vyn <20V Vyin/8.5 V
Valley Voltage VvaL 0.85 \Y
Master Clock Frequency fumasTER 200 2000 kHz
n |
SYNC Frequency Range fsyne 200 2000 kHz
SYNC Input Minimum Pulse Width trw(syne) 100 ns
Eising Edge Threshold to Set Sync Visnio) 2 Vv
ulse
E’:Illérég Edge Threshold to Reset Sync Visrmo 0.8 Vv
Master 0°/180° phase shift 0.5 \%
PHASE Set Voltage Slave Vphase 0°/180° phase shift Float \Y
Slave 90°/270° phase shift 2.3 \%
PWM
Minimum PWM Off-Time PWM orr) 110 155 ns
Minimum Controllable Pulse Width " tonviny 110 ns
Output Driver Dead Time oo | HS off to LS on 10 30 20 ns
toeaD-LH LS off to HS on 10 30 50 ns
Error Amplifier and Voltage Reference
0°C < T,;<+70°C 594.5 600 604.5
FB Input Voltage Ves mV
-40°C <T,;<+125°C 593 600 607
FB Input Bias Current les 10 130 nA
Unity Gain Bandwidth " Gew 24 MHz
Open Loop Gain " Aga 80 dB
High-Level Output Current lean 3 mA
Low-Level Output Current leal 9 mA
Enable and Soft-Start
High-Level Input Voltage Viy 0.55 0.77 1 \%
Low-Level Input Voltage Vi 0.2 0.26 0.32 \%
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Dual-Output or Two-Phase
SGM64200 Synchronous Buck Controller

ELECTRICAL CHARACTERISTICS (continued)

(Ty=-40°C to +125°C, Vvin = 12V, Rrreq = 40kQ, fsw = 500kHz, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Soft-Start Source Current Iss 8 10 12 MA
Soft-Start Voltage Level Vss 0.8 \%
Soft-Start Discharge Current Ipische 130 MA
Over-Current Protection
OCTH Program Current loctH T,=+25°C 9.2 10 10.8 MA
Hiccup Cycles to Recover thiccup 6 Cycles
Current Sense Amplifier
Differential Input Voltage Range Ves-oirr -60 60 mV
Input Common Mode Range Vesom 0 5.6 \%
Current Sensing Gain Acs 15 VIV
Current Sense Amplifier Output Vesout Vesin = 20mV, T, = +25°C 290 300 310 mV
Closed Loop Bandwidth " feso 3 MHz
C_urrent Sense Amplifier Output Vesin = 20mV to both ISNS1 10 10 mv
Difference Between CH1 and CH2 and ISNS2
Over-Voltage and Under-Voltage Protection
Feedback Voltage Limit for OVP Vove 670 700 730 mV
Feedback Voltage Limit for UVP Vuve 480 505 530 mV
Gate Drivers
High-side Driver Pull-Up Resistance Rushi Vst - Vaw = 6.0V, lys = -40mA 0.6 1.05 1.5 Q
High-side Driver Pull-Down Resistance Rhusto Vst - Vsw = 6.0V, lys = 40mA 0.2 0.65 11 Q
Low-side Driver Pull-Up Resistance Risi I.s = -40mA 0.6 1.05 1.5 Q
Low-side Driver Pull-Down Resistance Risio I.s = 40mA 0.2 0.55 0.9 Q
High-side Driver Rise Time " thrise Cronp = 5nF 15 ns
High-side Driver Fall Time " thraLL Cionp = 5nF 12 ns
Low-side Driver Rise Time " tirise Croap = 5nF 15 ns
Low-side Driver Fall Time " tLraLL Cronp = 5nF 10 ns
Boot Switch
Bootstrap Switch Voltage Drop Vaprwb lgst = 5mMA 0.035 \%
Remote Sense
Input Offset Voltage Viorrser | Vrout = 0.9V -6 6 mV
Differential Gain Ars 0.995 1.005 VIV
Close Loop Bandwidth frso 2 MHz
Output Voltage at ROUT Pin Vrout Vvppev - 0.2 \%
Output Source Current Isrc 1 mA
Output Sink Current Isnk 1 mA
Power Good
Feedback Voltage Limit for PGOOD Vov 650 675 700 mV
Feedback Voltage Limit for PGOOD Vv 505 525 545 mV
PGOOD Hysteresis Voltage at FB Veep-HysT 25 45 mV
PGOOD Pull Down Resistance Rrep 35 55 Q
PGOOD Leakage Current lpGD-LEAK 0.5 MA
Thermal Shutdown
Junction Shutdown Temperature " Tso 155 °C
Hysteresis " Tsp-Hvst 20 °C

NOTE: 1. Specified by design. Not production tested.
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Dual-Output or Two-Phase
SGM64200 Synchronous Buck Controller

TYPICAL PERFORMANCE CHARACTERISTICS
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Dual-Output or Two-Phase
SGM64200 Synchronous Buck Controller

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

ENx Low-Level Input Voltage vs. Temperature ENx High-Level Input Voltage vs. Temperature
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SGM64200

Dual-Output or Two-Phase
Synchronous Buck Controller

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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Dual-Output or Two-Phase
SGM64200 Synchronous Buck Controller

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Steady-State Switching and Current Sharing
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TYPICAL APPLICATION CIRCUIT
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Figure 1. Typical Application Circuit
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SGM64200

Dual-Output or Two-Phase
Synchronous Buck Controller

FUNCTIONAL BLOCK DIAGRAM

VDD6V
]
L
VIN LDO
VDDV — CP (—
BG _'VREF
AGND é . BST1
— Enable |— SD1 R HS1
2| 8%
EN1 + 2 L& 3 SW1
Vrer— * = £ | VDD8V
FB1 - a <
LS1
—ov1
ot
— UV1
COMP1
ISNS1+
ISNS1-
OCTH1
ISNS2+
ISNS2-
CP (—
OCTH2/RSNS
! BST2
EN2/RGND ° -~ HS2
e 3%
N 5 2 SwW2
FB2 § = £| VDD&V
o <t
LS2
PGND2
COMP2
RSNS —AAM—
VINS UVLO — &
S
Master Clock — CLK1 SD1— a
aster Clocl sD2—| © —[] ROUT
SYNC[ and pok1— 8
Synchronization | ¢ k2 POK2 | &
,J_| ,J_| RGND —\\W AW
(] )
FREQ PHASE PG1PG2
Figure 2. Block Diagram
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SGM64200

Dual-Output or Two-Phase
Synchronous Buck Controller

DETAILED DESCRIPTION

The SGM64200 is a two-phase single output/two-way
output Buck controller. The input voltage range is 3V to
20V, and the minimum output voltage is 600mV.

In the case of two outputs, the controller is in voltage
control mode with input voltage feedforward. Its
advantage is that it is insensitive to noise, and there is
no control instability in DCR applications. Besides, it
has a small minimum on-time, which can produce lower
output voltage.

Under the condition of two-phase single output,
two-phase current sharing can be achieved, so as to
balance two-phase heating. Since the detected current
sharing error signal is relatively small, the whole loop
can be modeled according to the voltage mode with
feedforward.

When the device operates under two outputs, the
ROUT pin must leave floating.

Voltage Reference

The 600mV bandgap reference is connected to the
positive input end of the amplifier. This reference
voltage can be adjusted in a unity gain configuration,
thereby eliminating the voltage cheapness in
applications. The reference voltage with a tolerance of
0.5% allows the customer to design a very precise
power supply.

Output Voltage Setting

The output voltage of SGM64200 is regulated by
external resistance, as shown in Figure 3. The
regulated voltage is obtained by Equation 1.

VOUT:0.6V><(1+ R, J (1)

BIAS

I_%’Tl COMPx I,—[
Voun Ra FBx >

RBIAS

AGND

VREF

Figure 3. Setting the Output Voltage

Input Voltage Feedforward

By adding voltage feedforward, the SGM64200 keeps
the power stage gain constant when the input voltage
changes, and has a fast response to line transition. At
the same time, the simple power stage also simplifies
the loop design. From the model, the front-end gain
from COMP to LC is 8.5V/V.

Current Sensing

The SGM64200 uses differential current detection to
detect the output current. It can be DCR of the inductor
or precision current detection resistance, which should
be added separately. When DCR is used to detect
current in Figure 4, parallel RC filter is required to filter
out AC voltage component of inductor.

Vour1 —9

I

Figure 4. Inductor DCR Current Sensing

Use Equation 2 to calculate Ry and C4 for an ideal
design.

L,

RCi=Bber

(2)
The RC time constant needs to be equal to the time
constant of the inductor itself. When their time
constants are the same, the voltage on C, is equal to
the product of the current in the inductor and DCR. At
this time, it is generally recommended to select a
capacitor of 0.1uF as the value of C;.
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SGM64200

Dual-Output or Two-Phase
Synchronous Buck Controller

DETAILED DESCRIPTION (continued)

Over-Current Protection

When the SGM64200 operates on two outputs, each
channel has an OCTH pin to monitor the current. When
operating in two-phase mode, the two channels set the
same over-current threshold through OCTH1. The
current detection method is to set the over-current
threshold voltage by connecting the resistance
between the OCTHx pin and AGND in series. The
detected current is amplified 15 times internally by the
amplifier, and then compare with the over-current
threshold to determine whether an over-current fault
occurs, as shown in Figure 5 below.

Vour1 —9

Ul

Figure 5. Over-Current Protection

Use Equation 3 to calculate the current limit resistance
(RocTh) of desired over-current limit.

[IOC + lR'PszEJ xDCRx Agg

ROCTH = |
OCTH

Where:
loc is the desired DC over-current limit level.

VDD6V

Power
Stage

FB2

|

Rearasitc  RSNS OCTH2/RSNS -
VWAL »

L
LOAD

EN2/RGND
L

RF’ARASITIC

VN

-

RGND

—t——

|

IrippLE IS the inductor peak-peak ripple current.

DCRis the inductor DC resistance.

Acs is 15 (TYP). It is the current sensing amplifier gain.
locTr is 10pA (TYP). It is the internal source current out
of OCTHx pin.

When the inductance current exceeds the set threshold,
the SGM64200 will limit the current cycle by cycle.
When three times of continuous over-current conditions
occur, the high-side MOSFET and low-side MOSFET
are turned off, and the controller starts to hiccup. The
chip will enter into restart mode after six soft-start
processes. When the over-current condition disappears,
it works normally, otherwise repeat the above
operation.

Two-Phase Mode, Remote Sense Amplifier,
and Current Sharing Loop

The SGM64200 can work in the high current two-phase
mode. When the appropriate external MOSFET is
selected, the system can output the current up to 50A.
As shown in Figure 6, when the configuration is in
two-phase mode, FB2 is connected to VDDG6V, and
COMP1 and COMP2 are connected at the same time.
For applications with large current, the remote
compensation amplifier is used to compensate output
voltage drop, so as to adjust the remote voltage to the
set value. EN2/RGND and OCTH2 are multiplexing
pins, which are used as RSNS and RGND in two-phase
mode. ROUT is the output terminal of the
compensation amplifier, which is connected to the
output voltage divider.

’—N\/\—H—
ROUT | .,

FB1

SGM64200

COMP1

Figure 6. Two Phase Voltage Loop Diagram
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SGM64200

Dual-Output or Two-Phase
Synchronous Buck Controller

DETAILED DESCRIPTION (continued)

The VDDG6V supplies power to the remote sense
amplifier. Under normal application, the set output
voltage must be 0.2V lower than the VDDG6V voltage,
otherwise, it cannot be adjusted to a proper value. If the
output voltage is below 2.2V, the remote sense
amplifier can be used. If the output exceeds 2.2V, the
amplifier can be omitted, and the remote voltage is
directly connected to the resistance voltage divider
network.

When the device operates in two-phase mode, the
current sharing loop shown in Figure 7 is used to
balance two-phase current. The two phases have the
same COMP value. Compare to the current of the two
phases in the current sharing loop and generate an
error signal. The signal acts with the COMP signal to
generate their own error signals and compare them
with the slope to generate their own PWM pulses.

FB1 i

PWM Logic

COMP1

—

Vour

ISNS1+ 1
L

Cy

T ISNS1- -

-
L

|

ISNS2+ 4
|

Current
Share

-

Cz

T ISNS2- m

VvDD6V

» PWM Logic

Figure 7. Two Phase Current Sharing Loop Diagram
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SGM64200

Dual-Output or Two-Phase
Synchronous Buck Controller

DETAILED DESCRIPTION (continued)

Start-Up and Shutdown

Start-Up Sequence
When ENx is pulled down below 0.3V, the
corresponding channel is turned off, and when ENXx is
released, the 40uA current source inside the device
begins to charge the soft-start capacitor and clamps to
1.3V. When the voltage across the soft-start capacitor
exceeds 0.7V, the internal VDDG6V linear regulator is
enabled. When the VIN, VDD6V, PG, and clock signals
are confirmed, ENx is pulled down to 0.4V by the
140pA current source and then charged by the internal
10pA current source. Vgs vt is the voltage of the shifted
soft-start capacitor, connected to the non-inverting
terminal end of the error amplifier.

Voltage A
(\%)
1.3 /
/ /" Vss_ Nt
0.8 / ----
0.4 /
Time

Figure 8. EN Start-up Waveform

The external soft-start capacitor and the charge current
source determine the soft-start time together, which is
the actual output ramp rise time when the soft-start
capacitor is charged up by 600mV. Due to the offset
(800mV, TYP) from the actual ENx pin voltage to the
Vss inT, there is some initial hysteresis. The soft-start
sequence occurs in a closed-loop fashion, which
means that the error amplifier continuously controls the
output voltage during soft-start. And the feedback loop
remains closed, as happens in a duty cycle limited
soft-start design. The error amplifier has two positive
inputs. One is connected to the 600mV reference while
the other is to Vss n7. The error amplifier regulates the
output voltage to whichever the lower value. When the
voltage of the EN pin is raised to 1.4V, the 600mV
reference becomes the main input to the error amplifier,
and the converter has reached the final regulation

voltage. Use equation 4 to calculate the soft-start
capacitor, Css.

tss xlss
=_SS_SS 4
S$ 600mV @

Where:
tss is the desired soft-start time,
Iss is 10uA (TYP). It is the internal soft-start current.

Prebiased Output Start-Up
The SGM64200 supports pre-biased startup. During
soft-start, it does not generate any PWM pulse until
Vss Nt exceeds the FB voltage. Once Vgs vt exceeds
the FB voltage, PWM pulses are initiated with very
short on-time of synchronous rectifier. The on-time is
then gradually increased cycle after cycle to meet the
duration determined by (1-D)/fsw where D is the duty
cycle. This scheme can prevent sinking of current from
the pre-biased output, and support a smooth and
controllable ramping of output voltage.

During a soft-start sequence, pulse skipping occurs
when the PWM pulse width is shorter than the minimum
controllable on-time (typically caused by PWM
comparator and gate driver delays) and the output may
show a large ripple voltage.

Shutdown
VDDG6V is controlled by EN during shutdown, and if the
EN pins of both channels are pulled low, VDD6V is
disabled regardless of whether the input voltage
exceeds the programmed UVLO.

Switching Frequency and Master or Slave
Synchronization

The switching frequency is determined by the
resistance of the FREQ pin connected to GND, as
Equation 5 follows.

20x10°
. (®)

Where:
Rrreq is the resistor from FREQ pin to AGND in Q.
fsw is the desired switching frequency in Hz.

@ SG Micro Corp

sGmicRO WWW.sg-micro.com

DECEMBER 2022
15



SGM64200

Dual-Output or Two-Phase
Synchronous Buck Controller

DETAILED DESCRIPTION (continued)

The SGM64200 can also be synchronized through an
external clock, which can be +20% of the master clock
frequency, please refer to Table 1 to configure the
master/slave and phase shift of the SGM64200 by the
level of the PHASE pin.

Figure 9 implements a method to reduce the ripple of
the input voltage by averaging the phase shift between
two SGM64200 devices.

Table 1. Phase Shift Angle Selection

PHASE Phase Angle (°)
Mode
Connection Range (V) CH1 CH2
AGND <0.5 Master 0 180
Floating 0.6to2 Slave 0 180
High >2.1 Slave 90 270
?;L PHASE
|-
PYM1 PWM1: 0°
SGM64200 BWM2
Master PWM2: 180°
SYNC
VDD6V
J-| PHASE
L
SYNC
SGM64200 PWMI1
Slave PWM1: 90°
PWM2
PWM2: 270°

Figure 9. Synchronization Diagram

Over-Voltage and Under-Voltage Fault
Protection
The SGM64200 achieves over-voltage/under-voltage

detection by sensing the voltage sampled by the FB pin.

The compensation network is connected to the FB pin
and the COMP pin affects the rate at which the output
voltage is sensed. The error amplifier attempts to adjust

the output to match the FB to the reference voltage,
and if the error amplifier is unable to do so, it triggers
over-voltage/under-voltage protection. Please refer to
the Electrical Characteristics for more details.

If under-voltage occurs, the device will enter into hiccup
mode and keep trying to restart until the fault is
recovered.

If over-voltage occurs, the device will shut down the
high-side MOSFET and lock the low-side MOSFET to
release the output current to the regulated level within
the power good window.

In the mode of two outputs, the fault of a single channel
does not affect the normal operation of the other, and
only the voltage value of the FB1 pin is detected in the
two-phase mode, so both channels will take action after
the fault is detected.

Input Under-Voltage Lockout (UVLO)
The required threshold voltage can be programmed by
a resistor divider through the VINS pin as shown in

Figure 10.
?15;%
Vin

VINS

RON1

Ronz VIN_OK

Figure 10. Input UVLO Diagram

Refer to Equation 6 and Equation 7 to calculate the
actual required UVLO threshold and hysteresis value.

Roni +R
Vin_uwo =1 -24XM ©)

ON2

\/INiHYS =15pA xRy, (7)
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SGM64200

Dual-Output or Two-Phase
Synchronous Buck Controller

DETAILED DESCRIPTION (continued)

Power Good

The SGM64200 has pins for each channel to indicate a
good output. These pins are open-drain outputs, and
the PG pin is pulled low when the feedback voltage
(Veg) is not within £12.5% from nominal or when the
soft-start function is active.

Thermal Shutdown

When the junction temperature of the device reaches
the thermal shutdown threshold of +150°C, the PWM
oscillator shuts down, then the high-side and low-side
drivers shut down. The device recovers to a hysteresis
value of approximately 20°C, that is, the PWM begins
soft-start when the device cools to +130°C.

Connection of Unused Pins
If the application uses only one channel, then some
pins of the other channel also need to be properly
connected, please refer to Table 2.

Table 2. Phase Shift Angle Selection

Pin Name Connection
BSTx Floating.
COMPx Floating.
ISNSx- Connect to a voltage between OV and 5.6V,
short to ISNSx+.
ISNSx+ Short to ISNSx-.
ROUT Floating.
EN1 Connect to ground.
EN2/RGND Connect to ground.
FBx Connect to ground.
HSx Floating.
OCTH1 Connect to ground through a 100kQ resistor.
OCTH2/RSNS | Connect to ground through a 100kQ resistor.
LSx Floating.
PGx Connect to ground.
PHASE Connect to ground.
SWx Connect to ground.
SYNC Floating.

Device Functional Modes

In dual-output mode, EN1 and EN2/RGND are used to
control the enable and shutdown of their channels,
respectively. Floating the pins enables the channels
and pulling down the pins disables the channels. In a
two-phase output configuration, the EN1 pin is used to
simultaneously configure the enable and shutdown of
both outputs.
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SGM64200

Dual-Output or Two-Phase
Synchronous Buck Controller

APPLICATION INFORMATION

The SGM64200 can be configured as a two-phase
output mode or dual output mode.

Dual-Output Mode
This section describes the design calculations and
device selection for dual output applications of the

VDD

C,
GND ’

R,
68.1k

R;
= 127k

controller. Table 3 shows the design objectives. Only
the calculation of channel 1 is listed, and the calculation
of channel 2 is similar to that of channel 1.

The schematic diagram is shown as Figure 11.

Lo Lo L
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OCTH
ISNS 1
ISNS T

| *J%ﬁ
R, HoT =
]

fours: 1.2V 0A

Fet SGM64200

<

so
i<

22

87

£

L

8

57

NNN

EN;
oc
IS

I
° I
} g0 %5
2 89
|1
17
=il
§ g3
L rour
/RGND
voRons
2-
-
PG
T2
— HS2
I
g

Ris Q:
]
| B b%Eﬁ

Ry
5110
L
T Cax 110H Vour

470pF
’ vour

b
::?zér Lgar Lg;r L?u):Fi%‘F ‘ngaéur ‘L;Er Vourz: 1.8VIT0A
W ul ul u u u w2
O W M W W R

ND

Cy
Rag "
324k OMWF

Lo To To Io0™
Cas Cw L cCy
Tow I ToF T oF T

Ca
10uF —\\\-O Vour,
R;
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Figure 11. Design Example 1, Dual Output Converter Schematic

Table 3. SGM64200 Dual Output Design Example Specification

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Input Characteristics
Input Voltage Vin 8 12 15 V
Input Ripple Vin ripree | loutt = lour2 = 10A 0.25 \
Output 1 Characteristics
Output Voltage Vourt lour1_min < loutt < lout1_max 1.2 \4
Line Regulation Vin min £ Vin £ Vin_uax 0.5 %
Load Regulation lour1 Min = loutt < lout1 max 0.5 %
Output Ripple Vrippter | loutt = louti_max 24 mV
Output Overshoot Vover1 Aloyti = 5A 40 mV
Output Undershoot Vunpert | Aloyrt = 5A 40 mV
Output Current loutt Vinmin < Vin < Vin_wax 0 10 A
Short Circuit Current Trip Point Iscp1 15 A
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Dual-Output or Two-Phase

SGM64200 Synchronous Buck Controller
APPLICATION INFORMATION (continued)
PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
Output 2 Characteristics
Output Voltage Vour2 lout2_min < loutz < lout2_max 1.8 \
Line Regulation Vin min £ Vin £ Vin_uax 0.5 %
Load Regulation loutz_ min £ lout2 < lout2 max 0.5 %
Output Ripple Vrippiez | lout2 = lout2_max 36 mV
Output Overshoot Voverz Aloytz2 = 5A 40 mV
Output Undershoot Vunoerz | Aloutz = 5A 40 mV
Output Current lour2 Vin min € Vin £ ViN_uax 0 10 A
Short Circuit Current Trip Point Iscpz2 15 A
General Characterstics
Soft-Start Time tss VN =12V 2 ms
Efficiency n Vin =12V, lour1 = lout2 = 10A 88 %
Switching Frequency fow 500 kHz
Switching Frequency Selection Vv - Algyry < At =
500kHz switching frequency is selected as the trade off ONPERT T C o
between efficiency and size of passive components. Al ) Alyo xL1 i . )2 ‘L, )

Inductor Selection (L4)
The selection of synchronous Buck inductor is usually
based on the design criteria of 20% to 40% of the
inductance current ripple. At the maximum load current,
the inductance can be obtained by Equation 8.

- \/INfMAX-VOUT1 % VOUT1 % 1 _

.
0.3 xlpyr \/INiMAX fow

15V-1.2V 12V 1 as ik (8)
0.3x10A " 15V ~ 500kHz

Select a standard inductance. The inductance is
0.88uH under 10A load, and the ripple current
IrippLET = 2.5A.

Output Capacitor Selection (C4 through Cy6)
The selection of output capacitance needs to consider
the transient response. Equations 10 and 11 leave a
margin when estimating the voltage deviation, so as to
consider the response delay in the loop, and thus
determine the output capacitance:

AIOUT‘1
ouT1

2
Algyry « Algyr, x L1 _ (Aloun) xL, (10)
V,

ouT1 Vourt % Cours

Vovers < x At =

COUT1

COUT1 VlN - VOUT1 (\/IN - VOUT1 ) X COUT1

When VINiMIN > 2 x Voumq, use Equation Vovert tO
calculate the minimum output capacitance. When
Vinmin < 2 % Vour, calculate the value using Equation
Vunpers- In this design example, the Viy min is much
larger than 2 x Vgyr4, so Equation 12 is used for
calculation.

(A|OUT1 )2 XL1 _ 52 X 088UH

C - _ _458yF (12
Ut =N N " T anaomy roort (12)

When the capacitance is minimum, the maximum ESR
is determined by the maximum ripple, as shown in
Equation 13.

E _ Vewpier - VRIPPLE_CAP _
ER_MAX —

IRIPPLE1

vV _ lrippLed
RIPPLET ~| " '~ f
X Court X Tsw

IRIPPLE‘I

24mv_(8 4582I.:5A500kH j (13)
X A8 X 2) _9mQ

2.5A

Two 220uF, 4V aluminum electrolytic capacitors are
selected according to the requirements of ripple and
output response. In addition, two 0805 10uF, two 0603
3.3uF and one 1uF ceramic capacitors are selected to
filter high-frequency noise.
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SGM64200

Dual-Output or Two-Phase
Synchronous Buck Controller

APPLICATION INFORMATION (continued)

Peak Current Rating of Inductor
Equations 14 and 15 are used to calculate the charging
current at startup and the current peak value of the
inductor, respectively, to determine the minimum
saturation current of the inductor.

Vour 1% Cours _

ICHARGE -

tss
1.2V x(2x 220uF + 2x10uF + 2x 3.3uF + 1uF) _0.281A
2ms
(14)
I‘LLPEAK = IOUT17MAX + (1/2 x IRIPPLE1 ) + ICHARGE
=10A+(1/2x2.5A)+0.281A =11.53A (13)
Table 4. Design Example 1, Dual-Output List of Materials
Parameter Symbol Value Units
Inductance L4 0.88 uH
RMS Current (Thermal Rating) IL1_RrMs 10.026 A
Peak Current
(Saturation Rating) lut_peax 11.53 A

Wurth744314110 inductance is selected, and the
inductance is 1.1yH. Under 10A load current, the
inductance value drops to about 0.88uH. The DCR is
3.15mQ and the size is 7mm x 7mm.

Input Capacitor Selection (C; through Cg)
Input capacitor ripple and ESR ripple should be
considered for input voltage ripple. Use the following
formulas to calculate.

IC _ lours % Vours _
IN1_MIN
VRIPF’LE_CAP X \/IN_MIN x fSW
10Ax1.2V —15uF (16)
200mV x 8V x500kHz
Vi 50mV
ESR. .. — RIPPLE_ESR _ —4.44mQ (17
" oy +(1/ 2% gppey ) 11.25A a7
ks _omi = lour 1 X+/Dx(1-D) =
10A x,/0.15x(1-0.15) = 3.57A (18)
V,
D — OuT 1 1 9
\/IN_MIN ( )

Place two 0805, 10uF capacitors, one 0605, 1.0uF
capacitor and one 0402, 0.1uF ceramic capacitor on
the power input.

MOSFET Selection (Q,)
Select the CSD86330. The device integrates two MOS
at the size of 3mm x 3mm, and flows through 20A. The
Ron of the high side mos is 8.8mQ, and the Rgy of the
low side mos is 4.6mQ. Each high side mos drive pin is
connected with a 2.2Q resistor to reduce driving noise.

ILIM Resistor (R;)
Use the time constant relationship between the
inductance L, and DCR and the resistance capacitance
connected in parallel to extract the current information
on the inductance. The capacitance value is taken as
0.1uF, and the resistance value can be calculated by
the following equation.

R __ b 088H
¥ CxRye 0.1Fx3.15mQ

—28kQ (20

The design limits the maximum input voltage of the
detection current operational amplifier to 50mV. If the
detected voltage exceeds this value, a series
resistance is required to divide the voltage, and the
dividing resistance R;s is calculated by the following
formula.

Rz x VCS_MAX

R15 = (21)

VDCR - VCS_MAX

Where: Vocr = (DCRX 1 '2)X(IL_PEAK x 1 -2)

The maximum DCR voltage drop is calculated as
follows.

V,, - Khm +'R'P%jx1.2}(DCRX1.2) =

{(1 0A + Z'SA] x1 .Z}X (3.15mQx1.2)=51.05mV (22)

The current limiting resistance is calculated as follows.
At this time, it is assumed that the input bias voltage
Vos of the current detection operational amplifier is
equal to -3mV.

(Voc - VOSfMIN) xAcs _

Rim = | =
LIM_MIN
[51.05mV - (-3mV) |x15V/V
=85.3kQ = 86.6kQ  (23)
9.5puA
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SGM64200

Dual-Output or Two-Phase
Synchronous Buck Controller

APPLICATION INFORMATION (continued)

Feedback Divider (Ryq, R14)
The SGM64200 uses an operational amplifier with an
internal reference voltage of 0.6V. The value of voltage
divider is 10kQ to 50kQ, which is a compromise
between static current and noise resistance. The
calculation formula is as follows when R is 20kQ.

Ves XRip_ 0.600V x 20.0kQ)

R =
" Vour-Ves  1.2V-0.600V

—20kQ  (24)

Compensation: (R11, Ri2, C17, C19, C21)
Use the SGM64200 loop calculation tool, set the 50kHz
bandwidth and 50° phase margin, measured the
calculated results in the experimental values and
modified the parameters to obtain the following values:
Co = 56pF, Cy7 = 680pF, Ci9 = 1nF, R =910Q, Ryy =
62kQ.

Boot-Strap Capacitor (C;)
In order to drive high side FET normally, the ripple of
BST capacitor is limited to less than 100mV.

Qy  7nC
100mV

Csoost = v =70nF ~100nF (25)

BST _RIPPLE

General Device Components
Synchronization (SYNC Pin):
The SYNC pin must be left open for independent dual
outputs.

RT Resistor (Rg):
The switching frequency is determined by RT
resistance, which is calculated by the following formula.
20° 20°

" fy, 500kHz

= 40kQ ~ 40.2kQ (26)

Differential Amplifier Out (ROUT Pin)
In dual output configuration the ROUT pin is not used
and must remain open (unconnected).

EN Timing Capacitors (Cs)

The soft start capacitor voltage is the reference voltage
slope of the operational amplifier. Equation 27
calculates the capacitor value.

tss xlgs _ 2msx10pA
Vg 0.6V

Ces = ~33nF (27)

Power Good (PG1, PG2 Pins)
PG1 and PG2 are pulled up to VDD6V through 100kQ
resistance.

Phase Set (PHASE Pin)
The PHASE pin can be connected to ground or
connected to the VDDG6V pin.

VIN Bypass Capacitor (C,)
As shown in the Pin Configuration section, use a 0.1pF,
50V, X7R capacitor for VIN bypass.

VDD6V Bypass Capacitor (Cs)
Connect the VDD6V to a low ESR capacitor with a
capacitance of 4.7uF or higher.

Application Curves
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Figure 12. Design Example 1 Loop Response (Vpp = 12V,
Vour1 = 1.2V, lout1 = 10A, 80kHz Bandwidth, 50° Phase
Margin)
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Figure 13. Design Example 1 Loop Response (Vpp = 12V,
Vout1 = 1.8V, lout1 = 10A, 80kHz Bandwidth, 50° Phase
Margin)
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Dual-Output or Two-Phase
SGM64200 Synchronous Buck Controller

APPLICATION INFORMATION (continued)

Two Phase Mode Configuration from 12V Table 5. Channel 2 Pin Connections in Two-Phase Mode

to 1.2V for SGM64200 = Connection
Figure 14 is a schematic diagram of the two-phase COMP2 Connect to COMP1.
single output configuration mode. Table 5 is the design EN2/RGND | Use as RGND pin, connect to the output ground.
objective. FB2 Connect to VDDGV.
OCTH2/RSNS | Use as RSNS pin, connect to output.
PG2 Floating or connect to ground.

R. Ry
100kQ 42kQ

o Z
-

Vour
2
2
2]

2
12

VINS
OCTH1

J4 | 1.2VI30A

SGM64200

ISNS2-
ISNS 2+
PG2
BST2

[ Rond H enarenD
-m OCTH2RSNS
£

0.1pF

ISNS2+

<

Figure 14. Design Example 2, Two-Phase Converter Schematic Table 6.

Table 6. SGM64200 Design Example 2 Specification

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Input Voltage Vin 4.5 15 V
Output Voltage Vour lout min < lour < lout1_max 1.2 \
Line Regulation Vinmin £ Vin £ Vin_uax 0.5 %
Load Regulation lour miN < lout £ lout1_max 0.5 %
Output Ripple VRippLE1 lour = lout max 12 mV
Output Overshoot Vover1 Aloyr = 5A 40 mV
Output Undershoot Vunpert | Aloyr = 5A 40 mV
Output Current loutt Vin_min < Vin S Vin_vax 0 10 A
Soft-Start Time tss Vin =12V 2 ms
Efficiency n Vin =12V, lourt = lout2 = 10A 88 %
Switching Frequency fow 500 kHz
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SGM64200

Dual-Output or Two-Phase
Synchronous Buck Controller

LAYOUT

Layout Guidelines

Power Stage
The BUCK power stage has two current loops. One of
them is the input loop with high-frequency AC
discontinuous current, and the other is the output loop
with high-frequency continuous current. In order to
make the input loop as small as possible, the input
ceramic capacitor should be as close to the main switch
mos and synchronous rectifier mos as possible. Like
the input loop, the output capacitor in the output loop
also needs to be closer to the inductor and PGND to
reduce the area of the output loop. The SW node needs
to be very small to reduce the radiation area. HS and
LS require short and thick trace to be placed between
the chip and mos.

Device Peripheral
SGM64200 needs to distinguish signal ground (AGND)
from power ground (PGND). It is necessary to correctly
distinguish the grounding in the circuit. All the pins
related to the power stage are connected to PGND, and
other pins related to the signal stage (such as FB1, FB2,
FREQ, OCTH1 and OCTH2) are connected to AGND.
When DCR is applied to detect current, Kelvin

REVISION HISTORY

connection is required. The detection capacitance
needs to be close to the ISNS+ and ISNS- pins. In
two-phase mode, OCTH2/RSN and EN2/RGND need
to be directly connected to the load point where the
voltage needs to be adjusted, and the leads need to be
wired in parallel and away from the switching elements.

Kelvin connection and far away
[ I fromthe swiching point
w o = - = z =
2ZE235380 5%
t " 823 ®
SYNC Hs1
B B rrea sw1 [ HDRV, LDRV and SW layout
: wide and short. Connect PGND
W et ®@®® 151 [} tothe power ground.
e O O O PGND1
The compensation network is | | COMPT} O O O vooev |+l I}
close to FB .COMP and far | | AgNDI PGND2
away from the switching point. | ! »
lcome2y L Z Ls2
Pz
el B8y g Lot
S 20zz3 5L O
¢ @ 0 2 @ 4 m I
C [ W Kevin comecton and far away
romme e [
(]

Figure 15. Layout Example

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Original (DECEMBER 2022) to REV.A

Changed from product preview to production data.............ccccceeeiiiinieeenn.
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PACKAGE INFORMATION

PACKAGE OUTLINE DIMENSIONS

TQFN-5%5-32AL
f D } D1
- N32
S N | (Joooooopy
|$ ™ - N1
= O
Lj E
= O
E %i, ’E E1
] [
] [
) N d
1 poonnnnn L
DETAIL AJ *H*bj
TOP VIEW BOTTOM VIEW
} 4.80
. 3.10
C
SEATING PLANE || |
m avh alafsblafatals
\ Sleelc] s ==
A1- % % 3
SIDE VIEW % %
| b o
1 B 0.50 HHH T HHH
ALTERNATE A1 ALTERNATE A-2 0.25
DETAIL A
A CONGTRUGTION - RECOMMENDED LAND PATTERN (Unit: mm)
Dimensions In Millimeters
Symbol
MIN MOD MAX
A 0.700 - 0.800
A1 0.000 - 0.050
A2 0.203 REF
b 0.200 - 0.300
D 4.900 - 5.100
E 4.900 - 5.100
D1 3.000 - 3.200
E1 3.000 - 3.200
e 0.500 BSC
k 0.550 REF
L 0.300 - 0.500
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

N Y, Ny Y,
Q1 Q2 Q1 Q2 Q1 Q2
Q3 /04 Q3 Q4 Q3 /Q4

i

P1

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

~—— A0 —

s

Reel Width

Package Type Reel W1 A0 B0 KO PO P1 P2 w Pin1
ge 1y Diameter (mm) (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | Quadrant
TQFN-5%5-32AL 13" 12.4 5.30 5.30 1.10 4.0 8.0 2.0 12.0 Q2

@ SG Micro Corp
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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 g
€ Y 56 Micro Corp TX20000.000

sGmicRO WWW.sg-micro.com



	GENERAL DESCRIPTION
	APPLICATIONS
	FEATURES
	PACKAGE/ORDERING INFORMATION
	ABSOLUTE MAXIMUM RATINGS
	RECOMMENDED OPERATING CONDITIONS
	PIN CONFIGURATION
	PIN DESCRIPTION
	ELECTRICAL CHARACTERISTICS
	TYPICAL PERFORMANCE CHARACTERISTICS
	TYPICAL APPLICATION CIRCUIT
	FUNCTIONAL BLOCK DIAGRAM
	Voltage Reference
	Output Voltage Setting
	Input Voltage Feedforward
	Current Sensing
	Over-Current Protection
	Two-Phase Mode, Remote Sense Amplifier, and Current Sharing Loop
	Start-Up and Shutdown
	Start-Up Sequence
	Prebiased Output Start-Up
	Shutdown

	Switching Frequency and Master or Slave Synchronization
	Over-Voltage and Under-Voltage Fault Protection
	Input Under-Voltage Lockout (UVLO)
	Power Good
	Thermal Shutdown
	Connection of Unused Pins
	Device Functional Modes

	APPLICATION INFORMATION
	Dual-Output Mode
	Switching Frequency Selection
	Inductor Selection (L1)
	Output Capacitor Selection (C10 through C16)
	Peak Current Rating of Inductor
	Input Capacitor Selection (C3 through C6)
	MOSFET Selection (Q1)
	ILIM Resistor (R2)
	Feedback Divider (R10, R14)
	Compensation: (R11, R12, C17, C19, C21)
	Boot-Strap Capacitor (C7)
	General Device Components
	Application Curves

	Two Phase Mode Configuration from 12V to 1.2V for SGM64200
	Layout Guidelines
	Power Stage
	Device Peripheral


	REVISION HISTORY

