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SGMICRO

SGM61434AQ/SGM61434BQ
Automotive

40V, 3.5A Buck Converter with 47pA Iq

GENERAL DESCRIPTION

The SGM61434xQ is a frequency programmable,
internally compensated Buck converter with an
integrated high-side MOSFET. It provides up to 3.5A
output current capability over a wide input range from
4V to 40V, which accommodates a variety of Buck
applications in an automotive input environment. Only
47uA (TYP) sleep-mode quiescent current makes the
SGM61434xQ suitable for battery powered systems.
An ultra-low 2.1pA (TYP) shutdown current can further
prolong battery life.

The SGM61434xQ uses peak-current mode control
with constant switching frequency to provide optimal
output voltage accuracy and fast loop response.
Switching frequency is widely adjustable, which

enables optimization of either efficiency or solution size.

Internal loop compensation makes it easy to use and
eliminates many external components. Frequency
spread spectrum version (SGM61434BQ) is also
available for reducing EMI.

The SGM61434xQ employs adjustable soft-start time
to prevent high startup inrush current. An enable pin is
provided for simplification of on/off control and system
power sequencing. Protection features include thermal
shutdown, input under-voltage lockout, cycle-by-cycle
current limit, output over-voltage protection.

The device is AEC-Q100 qualified (Automotive
Electronics Council (AEC) standard Q100 Grade 1) and
it is suitable for automotive applications.

The SGM61434xQ is available in Green SOIC-8
(Exposed Pad) and TDFN-4x4-10AL packages.

APPLICATIONS

General Purpose Automotive Battery Regulation
Automotive ADAS or Surround View

Cluster and Infotainment

Telematics Control Unit

FEATURES

e AEC-Q100 Qualified for Automotive Applications
Device Temperature Grade 1
Ta=-40°C to +125°C
e Wide Input Voltage Range: 4V to 40V
e High Continuous Output Current: Up to 3.5A
e Ultra-Low Quiescent Current: 47uA (TYP)
e Ultra-Low Shutdown Current: 2.1pA (TYP)
® |ntegrated High-side MOSFET
+ SOIC Package: 80mQ
+ TDFN Package: 90mQ
e Adjustable Switching Frequency: 200kHz to
2.5MHz
® Frequency Synchronization for External Clock
e Spread Spectrum Option for Reduced EMI
¢+ SGM61434AQ: No Spread Spectrum
+ SGM61434BQ: Spread Spectrum
e Peak Current Mode Control
¢ |nternal Compensation for Ease of Use
e Support High Duty Cycle Operation
® Precise Enable Input
e Adjustable Soft-Start Time
® Available in Green SOIC-8 (Exposed Pad) and
TDFN-4x4-10AL Packages

TYPICAL APPLICATION
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Figure 1. Typical Application Circuit (SOIC Package)
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SGM61434AQ
SGM61434BQ

Automotive 40V, 3.5A Buck Converter with 47uA Iq

PACKAGE/ORDERING INFORMATION

MODEL PACKAGE | oiiCIFIED ORDERING PACKAGE PACKING
DESCRIPTION RANGE NUMBER MARKING OPTION
Soic-8 -40°C to +125°C | SGM61434AQPS8G/TR OS9Po | Tape and Reel, 4000
(Exposed Pad) XXXXX
SGM61434AQ OGLTHHTO
TDFN-4x4-10AL | -40°C to +125°C | SGM61434AQTHH10G/TR | “GSIAN!Y | Tape and Reel, 3000
SOIC-8 L40°C to +125°C | SGM61434BQPS8G/TR | CCAPS8 | 1406 and Reel, 4000
SGM61434BQ (Exposed Pad) XXXXX
TDFN-4x4-10AL | -40°C to +125°C | SGMB1434BQTHH10G/TR OGX'\;'(I(';'(';?O Tape and Reel, 3000

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

ESD Susceptibility ("

Input Voltage HBIM e e +4000V
VIN, ENt0 GND ....oceeeiiieieeiecee e -0.3V to 44V CDM . +1000V
BOOTt0 GND ... -0.3V to 49V NOTES:

SS O GND ..o -0.3V to 5V 1. For human body model (HBM), all pins comply with
FB 10 GND.....coeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees -0.3Vto 6V AEC-Q100-002 specification.
RT/SYNC t0 GND .....ooviiiiiiieiee e -0.3V to 3.6V 2. For charged device model (CDM), all pins comply with
PGOOD t0 GND....c.oeveiieieiieieieeeeeeeeeies -0.3V to 6V AEC-Q100-011 specification.

Output Voltage RECOMMENDED OPERATING CONDITIONS
BOOT-SW ...ttt 6V Buck Regulator
SW """"""""""""""""""""" -3V to 44V VIN ottt 4V to 40V

Package Thermal Resistance VOUT oo 0.8V to 28V
SOIC-8 (Exposed Pad), Bua......oooovvvvvisssiissisisinns 38.9°C/W =10 o1 45V
SOIC-8 (Exposed Pad), Byp.......ooovvvvrerrssssssnno 12.3°CIW SW e 1V to 40V
SOIC-8 (Exposed Pad), Byc (T0p) wvvvvrverrsssssssvvoo 46.9°C/W =S 0V to 5V
SOIC-8 (EXpOSGd Pad), GJC (BOT) +eerererernrnnnnnnnnnnnnens 1.5°C/W Control
TDFN-aX4-10AL, Bua-.ooovvinirrreesssn 31.4°CW EN e 0 to 40V
TDPN-AXA-T0AL, B 10.8°C/W RT/SYNC oo OV to 3.3V
TDFN-4x4-T0AL, 8uC T0P)--vvvvvesssssvvvvnreess 24.9°CIW S e OV to 0.3V
TDFN-4x4-10AL, BuC BOT) wrrvssvvvrrsssvvvrcssvves 28°CIW PGOOD 10 GND «....ooooo oo OV to 5V

Package Thermal Characterization Parameter Switching Frequency Range
SOIC-8 (Exposed Pad), Yur ..ccovvvvvvrerrsssssssnn 3.1°C/W RT MOGE oo 200kHz to 2500kHz
SOIC-8 (Exposed Pad), Yo ...ooovvvrrrressssssssnnn 12.1°CIW SYNC MOGE oo 250kHz to 2300kHz
TDFEN-4X4-T0AL, WyT «eeeeeereeeiieeeiee e eireesseee e 0.3°C/W Junction Temperature RANGe ........ooovvov.. 40°C to +125°C
TDFN-4X4-10AL, WUB «veerveereeiieieeieeireesieeieeee s 9.4°C/W

Junction Temperature..........cccccccoevcvvieieee e +150°C

Storage Temperature Range........................ -65°C to +150°C

Lead Temperature (Soldering, 10S).........cccvveeieeennnns +260°C
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SGM61434AQ
SGM61434BQ

Automotive 40V, 3.5A Buck Converter with 47uA Iq

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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SGM61434AQ

SGM61434BQ Automotive 40V, 3.5A Buck Converter with 47uA Iq
(TOP VIEW) (TOP VIEW)
BOOT | 1 el 8 |sw BooT[ 1) @ {70 | sw
| | VIN[Z 5[ eND
VIN 2 ! i 7 GND [ : : R
'\ oD ! VN[33 © onD | (8 |PeooD
EN| 3 | : 6 | ss e
i ! EN| 4 ! i (7 ]|FB
L [ S ! : ----
RT/SYNC | 4 Frmmmmmmmes : 5 | FB RT/SYNC [ 57 {6 |ss
SOIC-8 (Exposed Pad) TDFN-4x4-10AL
PIN
NAME TYPE FUNCTION
SOIC-8
(Exposed Pad) TDFN-4x4-10AL
Bootstrap Supply Voltage for Internal High-side Driver. Connect a

1 1 BOOT P high-quality 100nF capacitor as close as possible to the IC
between this pin and the SW pin.

2 2,3 VIN P Input Supply to Regulator. Connect to a 4V to 40V power source.
Enable Input to Converter. Pull this pin below the low threshold to
shut the chip down. Pull it above the high threshold or float to

3 4 EN A enable the chip. This pin can be connected to VIN pin via a resistor
if the shutdown feature is not required or to a resistor divider to
adjust UVLO threshold.

Resistor Timing or External Clock Input. Connect an external

4 5 RT/SYNC A resistor between this pin and the ground to set the switching
frequency or connect the pin to a synchronization clock.

Soft-Start Control Pin. Connect a capacitor to this pin to set

6 6 SS A .
soft-start time.

5 7 FB A Feedback Input to Regulator. Connect to tap point of feedback
voltage divider. Do not float. Do not ground.

Open-Drain Power Good Flag Output. Connect to suitable voltage

— 8 PGOOD A ;
supply through a pull-up resistor. Can be left open when not used.
Power and Analog Ground Terminal. Ground reference for internal

7 9 GND G references, logic and regulated output voltage. For the reason,
care must be taken in PCB layout.

Switching Output of the Regulator. A high-side power MOSFET is

8 10 SW P internally connected to this pin. Connect to power inductor and
bootstrap capacitor.

Exposed Pad Exposed Pad GND G Thgrmal Exposc—;d Pad. Conneqt to ground plane on PCB. It is the
main thermal relief path for the die.

NOTE: A = analog, P = power, G = ground.
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SGM61434AQ
SGM61434BQ

Automotive 40V, 3.5A Buck Converter with 47uA Iq

ELECTRICAL CHARACTERISTICS

(Vin =4V to 40V, T, = -40°C to +125°C, typical values are at T; = +25°C, Viny = 12V, unless otherwise noted.)

PARAMETER | symeoL | CONDITIONS | MIN | TYP | MAX |[UNITS
Power Supply (VIN Pin)
Operating Input Voltage Vin 4 40 \%
Under-Voltage Lockout Threshold Vuvio Rising threshold 3.5 3.7 4 \Y
Under-Voltage Lockout Threshold Hysteresis Vuvio vys | Hysteresis 300 mV
Shutdown Supply Current Isp Ven =0V, Ty = +25°C, Vin = 4V to 40V 21 5.0 MA
Operating Quiescent Current (Non-Switching) la Ves =1V 25 47 65 MA
Enable (EN Pin)
Enable Threshold Voltage VEN TH Rising threshold 1.1 1.20 1.38 \Y
Enable Hysteresis Threshold Voltage VEN Hvs Hysteresis voltage 80 mV
Enable rising threshold +50mV -4.4
EN Pin Current len_PIN MA
N Enable falling threshold -50mV -0.9
EN Hysteresis Current len_Hys Rising threshold -3.5 pA
External Soft-Start
SS Pin Current lss T, = +25°C | EN uA
Power Good (PGOOD Pin) "
T Power good 94
?r?:;nggm Flag Under-Voltage Tripping Voo o % of Vier — :ad . %
_I?ﬁ;/\elgl;] ggod Flag Over-Voltage Tripping Vesov | % of Vier E:x:: :z:d 132 %
Power Good Flag Recovery Hysteresis Vpe_Hys Under-voltage 3 %
N Over-voltage 4
g(jt(sl?tD Leakage Current at High Level e Voo e = BV 10 200 nA
PGOOD Low Level Output Voltage Veg tow | lpu ue = TMA 0.1 \Y
Minimum VIN for Valid PGOOD Output Vinpemn | VeuL up < 5V at lpu_up = 100pA 1 1.5 \Y
Voltage Reference (FB Pin)
Reference Voltage VRer T, =+25C 0.740 | 0.7%0 | 0.768 \Y
T, =-40°C to +125°C 0.735 | 0.750 | 0.772
High-side MOSFET
) Vi = 12V SOIC package 80 150
On-Resistance Roson BlgOT to SW = 5V TDFN package ” 160 mQ
High-side MOSFET Current Limit
Current Limit TV PRl viicsiod I1OO5F:J|'\|/ W=12VVour=5V. | 45 | 54 | 63 | A
Thermal Performance
Thermal Shutdown Threshold Tsp 173 °C
Thermal Shutdown Hysteresis Thys 15 °C
NOTE:
1. Valid only for TDFN package.
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SGM61434AQ
SGM61434BQ Automotive 40V, 3.5A Buck Converter with 47uA Iq

TIMING PARAMETERS

(Vin =4V to 40V, T, = -40°C to +125°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Switching Frequency o Rr = 11.5kQ 1860 | 1990 | 2120 KHz
Switching Frequency Range at SYNC Mode 250 2300
Switching Frequency Dithering ' forrmer SSerf?:gr?tz??:g;Te?]pctilon’ frequency dithering +6%
SYNC Clock High Level Threshold Vsyne H 1.7 \Y
SYNC Clock Low Level Threshold Vsyne L 0.5 \Y
Minimum SYNC Input Pulse Width @ fovne \'\;'iiilirido’_";\?oo"'*z' Vomen > 3V, 30 ns
PLL Lock in Time @ tiockn | Measured at 500kHz 100 us
Minimum Controllable On Time @ ton_min IV'N ==3:;)\5/AVOUT =5V, fow = 2.1MHz, 95 ns

ouT .

Maximum Duty Cycle @ Dwiax 98 %

NOTE:
1. Valid only for SGM61434BQ.
2. Guaranteed by design, not tested in production.
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SGM61434AQ
SGM61434BQ Automotive 40V, 3.5A Buck Converter with 47uA Iq

TYPICAL PERFORMANCE CHARACTERISTICS

Ta =+25°C, Vin = 12V, Vout = 5Y, fsw = 2.1MHz, L = 1.5uH, Cour = 47uF + 10pF, unless otherwise noted.
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SGM61434AQ
SGM61434BQ Automotive 40V, 3.5A Buck Converter with 47uA Iq

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta =+25°C, Vin = 12V, Vout = 5Y, fsw = 2.1MHz, L = 1.5uH, Cour = 47uF + 10pF, unless otherwise noted.
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SGM61434AQ
SGM61434BQ Automotive 40V, 3.5A Buck Converter with 47uA Iq

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta =+25°C, Vin = 12V, Vout = 5Y, fsw = 2.1MHz, L = 1.5uH, Cour = 47uF + 10pF, unless otherwise noted.
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SGM61434AQ
SGM61434BQ Automotive 40V, 3.5A Buck Converter with 47uA Iq

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta =+25°C, Vin = 12V, Vout = 5Y, fsw = 2.1MHz, L = 1.5uH, Cour = 47uF + 10pF, unless otherwise noted.
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SGM61434AQ
SGM61434BQ Automotive 40V, 3.5A Buck Converter with 47uA Iq

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta =+25°C, Vin = 12V, Vout = 5Y, fsw = 2.1MHz, L = 1.5uH, Cour = 47uF + 10pF, unless otherwise noted.

Load Transient

AC Coupled lour = 1.75A to 3.5A
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SGM61434AQ

SGM61434BQ Automotive 40V, 3.5A Buck Converter with 47uA Iq
FUNCTIONAL BLOCK DIAGRAM
PGOOD EN
—
SGM61434xQ with
TDFN Package Only Thermal
0.9uA 3.50A Shutdown
~ |
. * UVLO, Bias & [ JviN
= Ven | Shutdown Logic ﬁ
h Shutdown
+OV Boot y—] BOOT
UVLO L
e [] Voltage Ty ‘)_
Reference ¥ ' B PWM —R ™
. 227kQ l . Cor‘nrol s T
: [ sw
3pA saor 1.6pF [Oscillator L]
ss [ p A & Sl‘ope
e Shutdown = Frequency
Ve = Eold-back i
| Discharge 1
Logic - [] GND
= SGM61434xQ -
]
L
RT/SYNC

Figure 2. SGM61434xQ Block Diagram

DETAILED DESCRIPTION

Overview

The SGM61434xQ is a 40V Buck converter with an
integrated N-MOSFET power switch and 3.5A
continuous output current capability. Using peak current
mode control, this device provides good line and load
transient responses with reduced output capacitance.
Light load efficiency is enhanced by a special
power-save mode.

The minimum operating input voltage of the device is
4V and its nominal frequency is 2.1MHz (R; = 11kQ).
The quiescent current is 47pA. It reduces to 2.1yAif the
device is disabled. The low Rpson high-side switch
(80mQ in SOIC package and 90mQ in TDFN package)
allows high operating efficiency.

The EN pin is internally pulled up by a current source
that can keep the device enabled 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 (Cgoor) is
needed for the MOSFET gate driving bias. A separate
UVLO circuit monitors Cgoor Voltage and turns the
switch off if this voltage falls below a preset threshold.

The switching frequency is adjusted by using a resistor
to ground which is connected to the RT/SYNC pin. It is
also can be synchronized to an external clock signal.

The SS pin internal current source allows soft-start time
adjustments with a small external capacitor.

During startup and over-current, the frequency is reduced
(frequency fold-back) to prevent inductor current from
running away.

Additional features such as thermal shutdown,
over-voltage protection and short-circuit protection
(cycle-by-cycle current limit) are also provided.
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SGM61434AQ
SGM61434BQ

Automotive 40V, 3.5A Buck Converter with 47uA Iq

DETAILED DESCRIPTION (continued)

Minimum Input Voltage (4V) and UVLO

The recommended minimum operating input voltage is
4V. It may operate with lower voltages that are above
the V\y rising UVLO threshold (3.7V TYP). If V|y falls
below its falling UVLO threshold, the device will stop
switching.

Enable Input and UVLO Adjustment

An internal current source pull-up keeps the EN pin
voltage at high state by default. The device will enable
if the EN pin voltage exceeds the enable threshold of
1.2V and V)y 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.

If an application requires a higher input UVLO threshold,

an external input UVLO adjustment circuit is
recommended in Figure 3. Figure 3 shows how UVLO
and hysteresis are increased using Rgns and Reno. A
3.5uA additional current is injected to the divider when
EN pin voltage exceeds Venth (1.2V) to provide
hysteresis and it will be removed when EN pin voltage
is below Ve 1 - Ven nys. Use Equations 1 and 2 to
calculate these resistors. Vsmarr is the input start
(turn-on) threshold voltage and Vstop is the input stop
(turn-off) threshold voltage.

V. VENiTH - VENiHYS Ry
START STOP

Ven_m
Rew = - (1)
3.5uA +0.9pA x [1 - VENTH-VENHYS]
Ven_h
V. xR
Rey, = X REN TH X Nent ~ 2)
0.9pAXRey; + Virarr EN_TH

R 0. 9uA &3.51%
EN1
— EN |
|_
Renz VENJH

Figure 3. Input UVLO Adjustment

Low Dropout Operation and Bootstrap
Gate Driving (BOOT Pin)

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

The SGM61434xQ operates at maximum duty cycle
when input voltage is closed to output voltage as long
as the bootstrap voltage (Vgoor - 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.

SS Pin and Soft-Start Adjustment

It is recommended to add a soft-start capacitor (Css)
between the SS and GND pins to set the soft-start time
from 1ms to 10ms for a proper startup. The lower of the
SS pin voltage Vss and Vger is applied to the error
amplifier to regulate the output. The internal Isg = 3pA
current charges Css and provides a linear voltage ramp
on the SS pin. Use Equation 3 to calculate the soft-start
time.

Ces (NF)x Vorr (V)
lss (MA)

tss (Ms) =

©)
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SGM61434AQ
SGM61434BQ

Automotive 40V, 3.5A Buck Converter with 47uA Iq

DETAILED DESCRIPTION (continued)

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

At light loads, the SGM61434xQ enters pulse-skipping
power-save mode (PSM) to keep its high efficiency by
lowering the number of switching pulses. When the EA
output voltage (Vcomp) is lower than the internal PSM
threshold. The device will enter PSM in such
conditions.

After entering PSM for a delay time, some modules are
shut down to minimum input current, and the device
draws only 47pA (TYP) input quiescent current. The
device can exit PSM if Vcomp rises above the internal
PSM threshold. During PSM operation, the actual load
current (DC) threshold for PSM will depend on the
output filter.

Synchronization to RT/SYNC Pin

The internal oscillator can synchronize to an external
logic clock applied to the RT/SYNC pin (see Figure 4) in
the 250kHz to 2300kHz range. The SW rising edge
(switch turn-on) is synchronized with the CLK falling
edge. The CLK low level must be less than 0.5V (TYP),
and high level must be more than 1.7V (TYP) and have
a pulse width larger than 30ns. So, when the CLK
source is off, the DC resistance (Rt) between RT/SYNC
and GND pins determines the default switching
frequency.

SGM61434xQ

] RTISYNC
Logic
Clock Source Rt

Figure 4. Synchronization to External Clock

Switching Frequency and Timing Resistor

(RT/SYNC Pin)

The switching frequency can be set from 200kHz to
2500kHz by a timing resistor (Ry) placed between the
RT/SYNC and GND pins. There is an internal bias
voltage on the RT/SYNC pin during the RT mode and
must have a resistor to ground to set the switching
frequency. Use Equation 4 to find the Ry resistance for
any desired switching frequency (fsy).

R, (kQ) _ 31928 (4)

fSW (kHZ)1.042
Power Good (PGOOD)
The SGM61434xQ with TDFN package has a power
good (PGOOD) pin for indicating the output voltage in
the desired level. Connect to suitable voltage supply
through a pull-up resistor. It can be left open when not
used.

As shown in Figure 5, when the FB voltage is within the
power good range, the PGOOD switch is turned off and
the PGOOD pin is pulled up to high. When the FB
voltage is outside the power good range, the PGOOD
switch is turned on and the PGOOD pin is pulled down
to low.
A
Vs
109% % Vger
105% % Vger

94% x VReg [
91% x VREF

v

PGOOD

High

Low

v

Figure 5. PGOOD Flag
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SGM61434AQ
SGM61434BQ

Automotive 40V, 3.5A Buck Converter with 47uA Iq

DETAILED DESCRIPTION (continued)

Over-Current Protection and Frequency
Fold-back

Over-current protection (OCP) is naturally provided by
current mode control. In each cycle, the high-side
current sensing starts a short time (blanking time) after
the high-side switch is turned on. The sensed high-side
switch current is continuously compared with the EA
output (Vcomp) When the high-side current reaches to
that threshold, the high-side switch is turned off. If the
output is overload, the peak current of high-side switch
is limited by a maximum peak current I .

In the SGM61434xQ, there is frequency fold-back
function, which can prevent inductor current from
running away.

In a short or overload condition, if the peak current limit
is triggered 6 times consecutively, the switching
frequency will be divided by 2 immediately, as the FB
voltage drops, the frequency will be divided by 4 (Ve =
0.4V) and 8 (Vgg = 0.2V). In conclusion, if the sensed
high-side switch current reached to peak current-limit
ILm, the HS is turned off, the HS switch is turned on at
the next clock. On the contrary, when the output
short-circuit is removed or V| startup, the switching

frequency increase with the FB voltage at Vg = 0.2V,
0.4V, 0.6V respectively. Finally the SGM61434xQ
working at the switching frequency set by Rr.

Over-Voltage Transient Protection

The SGM61434xQ includes over-voltage protection
(OVP) circuit to reduce such over-voltage transients. If
Veg voltage exceeds 109% of the Vger threshold, the
MOSFET is turned off. When it returns below 105% of
the Vger threshold, the MOSFET is released again.

Spread Spectrum Switching (SGM61434BQ
Only)

Spread spectrum technique is wused in the
SGM61434BQ to flatten the generated EMI spectrum
and reduce the large EMI peaks. The switching
frequency is periodically varied between -6% and +6%
of the nominal value.

Thermal Shutdown (TSD)

If the junction temperature (T,) exceeds +173°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 junction
temperature drops below +158°C.
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SGM61434AQ
SGM61434BQ Automotive 40V, 3.5A Buck Converter with 47uA Iq

APPLICATION INFORMATION

A typical application circuit for the SGM61434xQ as a Buck converter is shown in Figure 6. It is used for converting a
7V to 40V supply voltage to a lower voltage level supply voltage (5V) suitable for the system.

The external components are designed based on the application requirements and device stability. Some suitable
parameters for different output voltages are provided in Table 1 to simplify the selection of components. The Coyr
values in Table 1 are recommended capacitance values for use, which have considered aging, temperature, and DC
bias derating of the output capacitors.

Typical Application

Rs
Vi =7V to 20V (12V TYP) 00
o— e . . VIN BOOT M
1o Lo la ol 1
10pF 10pF == 0.1pF 0.1uF —|_ 1.5pH Vour =5V
EN sw 2820 _L _L O lour = 3.5A (MAX)
= SGM61434xQ Ce Cr
D 4TuF 10uF Rs
sS 68kQ
GND .
L
c, L RT/SYNC FB

22nF Rs Re
11kQ 12kQ

Figure 6. 5V Output SGM61434xQ Design Example
Table 1. Some Typical L and Cour Values for Stable Operation

fow (kHz) Vour (V) L (uH) Cour (WF) Rs (kQ) Rs (kQ)
2100 3.3 1.2 47uF x 2 (25V) 68 20
2100 5 1.5 47uF + 10uF (25V) 68 12
2100 12 3.3 22pF x 2 (25V) 150 10
400 5 10 47uF x 3 (25V) 68 12
400 12 15 47uF x 2 + 22uF (25V) 150 10
NOTE:

1. Ceramic capacitor is used in this table.

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

Switching Frequency Selection
Several parameters such as losses, inductor and
capacitors sizes and response time are considered in

Table 2. Design Parameters selection of the switching frequency. Higher frequency

Design Parameters Example Values
Input Voltage ;%/Vté%'?/)
Start Input Voltage (Rising Vi) 6.5V
Stop Input Voltage (Falling Vn) 5.5V
Output Voltage 5V
Output Voltage Ripple 50mV, 1% of Vour
Output Current Rating 3.5A
Transient Response 1.75A to 3.5A Load Step 250mV, 5% of Vour
Operation Frequency 2100kHz

increases the switching and gate charge 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. If the application
is noise-sensitive to a frequency range, the frequency
should be selected out of that range.

For this design, a switching frequency of 2100kHz is
chosen and a 11kQ resistor can be chosen for Rj
according to Equation 4.
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SGM61434AQ
SGM61434BQ

Automotive 40V, 3.5A Buck Converter with 47uA Iq

APPLICATION INFORMATION (continued)

Input Capacitor Design

High frequency decoupling on the input supply pins is
necessary for the device. A bulk capacitor may also be
needed in some applications. Typically, 10uF to 22uF
high quality ceramic capacitor (X5R, X7R or better) with
voltage rating twice the maximum input voltage is
recommended for decoupling capacitor. If the source is
away from the device (> 5cm) some bulk capacitance is
also needed to damp the voltage spikes caused by the
wiring or PCB trace parasitic inductances. For this
design, a ceramic capacitor with at least 50V voltage

rating is required to support the maximum input voltage.

Therefore, 2x10uF/50V/X7R capacitors and a 0.1pF
ceramic capacitor placed right beside the device VIN

and GND pins for very high-frequency filtering are used.

This ripple can be calculated from Equation 5.

AV = lour XD x(1-D)

N Cn xfsw

+lour xESRey (5)

Inductor Design

Equation 6 is conventionally used to calculate the
inductance of a Buck converter. Generally, a smaller
inductor is preferred to allow larger bandwidth and
smaller size. The ratio of inductor current ripple (Al,) to
the maximum output current (loyt) is represented as
Kinp factor (Al/loyt). 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 (loyt + 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, selecting an inductor with
saturation current above the switch current limit is
sufficient. The ripple current also affects the selection of
the output capacitor. Coyr RMS current rating must be
higher than the inductor RMS ripple. Typically, a 20% to
40% ripple is selected (Knp = 0.2 ~ 0.4). Choosing a
higher Knp value reduces the selected inductance,
however, a too high Kjyp factor may result in insufficient
slope compensation.

L= \4N7MAX B VOUT « VOUT (6)

IOUT x KIND \/IN_MAX x fSW

In this example, the calculated inductance will be
1.49uH with Kyp = 0.4, so the nearest larger
inductance of 1.5uH is selected. The ripple, RMS and
peak inductor current calculations are summarized in
Equations 7, 8 and 9 respectively.

Al = VINfMAX B VOUT < VOUT (7)
: L \/IN_MAX xfsw
AP
IL_RMS = |(2)UT +1_2L )
Al (9)

IL_PEAK = IOUT + 2

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

External Diode

An external power diode between the SW and GND
pins is needed for the SGM61434xQ. This diode must
tolerate the application’s absolute maximum ratings.
The reverse blocking voltage must be higher than
Vinwax 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 50V
reverse voltage is preferred to allow input voltage
transients up to the rated voltage of the SGM61434xQ.

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

1. The output voltage ripple.
2. The transient response to a large change in load
current.
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SGM61434BQ

Automotive 40V, 3.5A Buck Converter with 47uA Iq

APPLICATION INFORMATION (continued)

For load transient, typically, it requires several cycles
for the loop to detect the output change and respond
(change the duty cycle). Equation 10 can be used to
calculate the minimum output capacitance that is
needed to supply a current step (Aloyr) for at least 8
cycles (fsw = 2.1MHz) until the control loop responds to
the load change with a maximum allowed output
transient of AVoyr (overshoot or undershoot).

8x Al (10)
C > _—~—our
O fow * AVour

where:
Aloyr is the change in output current.
AVoyr is the allowable change in the output voltage.

For example, if the acceptable transient from 1.75A to
3.5A load step is 5%, by inserting AVoyr = 0.05 x 5V =
0.25V and Algyr = 1.75A, the minimum required
capacitance will be 26.7uF. 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 AVqyr transient. However, for
aluminum electrolytic and tantalum capacitors, or high
current power supplies, the ESR contribution to AVoyr
must be considered.

When the load steps down, the excess inductor current
will charge the capacitor and the output voltage will
overshoot. So Coyr must be large enough as given in
Equation 11 to absorb the excess inductor energy with
limited over-voltage. Equation 11 calculates the
minimum  capacitance required to keep the
output-voltage overshoot to a desired value.

12 -2

out_H ~lout L (11)

(VOUT+ A VOUT )2 - VgUT

Cour >Lx

where:
lout n is the high level of the current step.
lout 1 is the low level of the current step.

For example, if the acceptable transient from 3.5A to
1.75A load step is 5%, by inserting AVoyr = 0.05 x 5V =
0.25V, the minimum required capacitance will be 5.4uF.

Equation 12 can be used for the output voltage ripple
criteria and finding the minimum output capacitance
needed. Vour ripeLe iS the maximum acceptable ripple.

Al (12)

Cour > 8xf., xV
SW 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.

Vour_rpre 1 (13)
Al 8xfgy xCour

ESR our <

Higher nominal capacitance value must be chosen due
to aging, temperature, and DC bias derating of the
output capacitors. In this example, 2 x 47uF/25V X5R
ceramic capacitors with 1.5mQ of ESR are used. The
amount of ripple current that a capacitor can handle
without damage or overheating is limited. 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 344mA.

Vour ><(VlN_MAx 'VOUT) (14)

| =
COUT_RMS m N \/INiMAX <L x fsw

Bootstrap Capacitor Selection

Use a 0.1uF high-quality ceramic capacitor (X7R or
X5R) with 10V or higher voltage rating for the bootstrap
capacitor (Cs). A 5Q to 10Q resistor (R4) can be added
in series with Cs to slow down switch-on speed of the
high-side switch and reduce EMI if needed. Too high
values for R4 may cause insufficient Cs charging in high
duty-cycle applications. Slower switch-on speed will
also increase switch losses and decrease efficiency.
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Automotive 40V, 3.5A Buck Converter with 47uA Iq

APPLICATION INFORMATION (continued)

UVLO Setting
The Input UVLO can be programmed using an external
voltage divider on the EN pin of the SGM61434xQ. In
this design R, is connected between VIN pin and EN
pin and R, is connected between EN pin and GND (see
Figure 6). The UVLO has two thresholds, one for
power-up (turn-on) when the input voltage is rising and

one for power-down (turn-off) when the voltage is falling.

In this design, the turn-on (enable to start switching)
occurs when V| rises above 6.5V (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 Ry = 137kQ
and R, = 33kQ.

Feedback Resistors Setting
Use an external resistor divider (R5 and Rg) to set the
output voltage using Equations 15 and 16.

R5:R6X(VOUT_VREF] (15)

Vieer

Vour = Vrer X[RS‘HJ (16)
Rs

For 5V output voltage, the selected values are Rs =
68kQ, Re = 12kQ.

Layout Considerations

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
rising/falling voltages that can couple through stray
capacitances to other signal paths, and also due to the
large and fast changing currents that can interact
through parasitic magnetic couplings, unless those
interferences are minimized and properly managed in
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:

e Bypass the VIN pin to GND pin (where it connects
to the anode pin of the power diode) with low-ESR
ceramic capacitors (X5R/X7R or better) and place
them as close as possible.

® Minimize the area and path length of the loop
formed by VIN pin, bypass capacitors connections,
SW pin and the catch diode.

Connect the device GND pin directly to the
exposed pad (Power Pad) copper area under the
IC device.

Connect the exposed pad to the internal ground
planes and the back side of the PCB directly under
the IC using multiple thermal vias.

Use a short and wide path for routing the SW pin to
the cathode of the catch diode on the same layer
and to the output inductor.

Keep the SW area minimal and away from
sensitive signals like FB trace and divider resistors
or RT/SYNC to avoid capacitive noise coupling.
Top side GND plane that is connected to the
exposed pad provides the best heat dissipation
path for the IC. It should be large enough for
designs that operate with full rated loads. Thicker
copper planes can improve heat dissipation.

Place the RT resistor (R3) as close as possible to
the RT/SYNC pin with short routes.

Connect the diode as close as possible to SW and
GND pins.
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Figure 8. Bottom Layer
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PACKAGE INFORMATION

PACKAGE OUTLINE DIMENSIONS
SOIC-8 (Exposed Pad)

e Episs

—0.61

RECOMMENDED LAND PATTERN (Unit: mm)

T I S C [
| Lt:(:j:(:j:(zijr SEATING PLANE j: : Ei{

A1j c
Dimensions
Symbol In Millimeters
MIN NOM 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 1.890 - 2.290
E 3.800 - 4.000
E1 5.800 - 6.200
E2 1.890 - 2.290
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.
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PACKAGE INFORMATION

PACKAGE OUTLINE DIMENSIONS

TDFN-4x4-10AL
D
Ar— e N10
Jow w4
D1 K-
: L+
PIN1#4//. (1] [] m é
DETAIL A b L
TOP VIEW BOTTOM VIEW
I I O O
SEATING PLANE E@ u u u u u
A
, rl
A2- 2.60 + 3.80
A1—
SIDE VIEW
o, miEmE
0 &" O
ALTERNATE A-1 ALTERNATE A-2 0.09 0.60-
0.01 —+—=—0.30 0.80
DETAIL A
ALTERNATE TERMINAL SECTION A-A
CONSTRUCTION TERMINAL CROSS SECTION RECOMMENDED LAND PATTERN (Unit: mm)
Dimensions In Millimeters
Symbol
MIN NOM MAX
A 0.700 - 0.800
A1 0.000 - 0.050
A2 0.203 REF
b 0.250 - 0.350
D 3.900 - 4.100
D1 2.900 - 3.100
E 3.900 - 4.100
E1 2.500 - 2.700
e 0.800 BSC
k 0.300 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

P2+

TAPE DIMENSIONS

- A D D
o %
W Q1 Q2 Q1 Q2 Q1 Q2 ‘ —K‘J
I I BO
Q3 Q4 03\/(14 Q3 T Q4 \ 7%
~——— Reel Diameter ——— =t \ W
1l P1 - A0—| »—KOL
Reel Width (W1) -
==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
Packade Tyoe Reel | RS a0 | B0 | ko | PO | P1 | P2 | W Pin1
ge Typ Diameter (mm) (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | Quadrant
SOIC-8 "
(Exposed Pad) 13 124 6.40 5.40 2.10 4.0 4.0 2.0 12.0 Q1
TDFN-4x4-10AL 13" 12.4 430 | 4.30 1.10 4.0 8.0 2.0 12.0 Q2
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PACKAGE INFORMATION

CARTON BOX DIMENSIONS

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

KEY PARAMETER LIST OF CARTON BOX

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