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SGMICRO

SGM61184
4.5V to 18V Input, 8A,

Synchronous Buck Converter

GENERAL DESCRIPTION

The SGM61184 is an efficient 18V, 8A synchronous
Buck DC/DC converter with integrated power MOSFETs
and a wide 4.5V to 18V input range. This current mode
control device is optimized for high density applications
with minimal number of external components. High
switching frequency, up to 1600kHz, can be chosen to
lessen the solution size by smaller inductor and
capacitors.

The peak current mode control with fast transient
response makes the loop compensation simple. The
high-side MOSFET current and low-side MOSFET
sourcing current are cycle-by-cycle limited for overload
protection. The hiccup mode limits MOSFET power
dissipation if short-circuit or overload keeps appearing.

A power good supervisor circuit monitors the regulator
output. When the output voltage is in regulation, the PG
open-drain output pin will be in high-impedance state.
An internal deglitch time prevents this pin from pulling
low unless a fault has occurred. The EN pin can be
used to adjust the input UVLO and hysteresis by a
resistor divider. The soft-start and tracking pin (SS/TRK)
can control the output voltage start-up ramp, which
makes the device work as a standalone power supply
or work in tracking situations.

The SGM61184 is available in a Green TQFN-3.5x3.5-
18AL package.

TYPICAL APPLICATION
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Figure 1. Typical Application Circuit

FEATURES

4.5V to 18V Input Voltage Range

0.6V to 12V Output Voltage Range

3.5uA (TYP) Shutdown Current

Integrated Rpson Switches: 8.6mQ and 4.5mQ
200kHz to 1600kHz Fixed Switching Frequency
0.6V Internal Voltage Reference

External Clock Synchronization

Peak Current Mode Control with Fast Transient
Response

Hiccup Mode Current Limit

Safe Start-Up with Pre-Biased Outputs
Adjustable Soft-Start Time

Power Sequencing Capability

Adjustable Input Under-Voltage Lockout (UVLO)
Power Good Output Monitor for Under-Voltage
and Over-Voltage Protections

Non-Latch Thermal Shutdown Protection

® Available in a Green TQFN-3.5%3.5-18AL Package

APPLICATIONS

Test and Measurement Devices
Medical Imaging Equipment
Business Exchange and Server
Wireless Infrastructure
Telecommunications Infrastructure
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SGM61184

4.5V to 18V Input, 8A,
Synchronous Buck Converter

PACKAGE/ORDERING INFORMATION

MODEL PACKAGE TE?II?’EECRIE\I'II'EL?RE ORDERING PACKAGE PACKING
DESCRIPTION NUMBER MARKING OPTION
RANGE
SGMO057
SGM61184 | TQFN-3.5%3.5-18AL | -40°C to +150°C | SGM61184TTSU18G/TR TTSU18 Tape and Reel, 5000
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 s -0.3V to 22V
SV s -1V to 22V
SW (10ns Transient) .......ccccceveeeiiiiiieeree e, -3V to 23V
EN, SS/TRK, PG, RT/CLK, FB, COMP................ -0.3V to 6V
BOOT .ot -0.3V to 28V
BOOT 10 SWi...oiiiiiiiiieieec e -0.3V to 6V
BOOT (10ns Transient).........cccccuvieereeeiiciiiieenn. -0.3V to 30V
Package Thermal Resistance

TQFN-3.5%3.5-18AL, BUA.....ccociiiiiriiiieerec e 48°C/W
Junction Temperature..........cccccccoevcvvieeeee e +150°C
Storage Temperature Range....................... -65°C to +150°C
Lead Temperature (Soldering, 10S)........ccccveeeeeeennns +260°C
ESD Susceptibility
HBM ... +2000V
CDM e +1000V

RECOMMENDED OPERATING CONDITIONS

VN ceeoeeeee e eeee e e s s s ee e eee e nee 4.5V to 18V
VOUT evveeeeeeeeeeeeseeee s eeseeseeeeee e ees e eeseeeeeeeesee s 0.6V to 12V
OUT e eeeeeeeeeeeeeeeeeeeeeeseeeeseeeees e eee e eeeeeseees e eeeeeeeeeo 8A (MAX)
FOU e veereeeeeeeee e eeeeeeeeeeeeeeeeeeeee e eeee e eee e 200kHz to 1600kHz

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

OVERSTRESS CAUTION

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

ESD SENSITIVITY CAUTION

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

DISCLAIMER

SG Micro Corp reserves the right to make any change in
circuit design, or specifications without prior notice.
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SGM61184

4.5V to 18V Input, 8A,
Synchronous Buck Converter

PIN CONFIGURATION

(TOP VIEW)
X X
o
ez o
£ & & o R k
@ | i~lieliol vl
A T e e e e
BOOT | 1 12 | AGND
VIN 2 11 VIN
PGND| 3 f i il 10 | PGND
................. 6 7 LA
PGND | 4 | .9 | PeND
PGND|[ 5 14 b g8 | PGND
SW Sw
TQFN-3.5%3.5-18AL
PIN DESCRIPTION
PIN NAME 1/10 FUNCTION
1 BOOT | Bootstrap Input to Supply the High-side Gate Driver. A ceramic capacitor (0.1uF) is required
between the BOOT and SW pins.
2 11 VIN p Power Input for the Control Circuitry. The two VIN pins are connected to the input power source
’ with a low-impedance connection. Connect both pins and their neighboring PGND pins.
g” g f PGND G Power Ground. Ground pins return for low-side power MOSFET and its drivers.
6.7 SW o Switching Node. Connect to the source of the high-side MOSFET and drain of the low-side

MOSFET.

12 AGND G Analog Ground. AGND must be connected to the PGND plane.

Frequency Setting Resistor (RT) or External Clock Input (CLK) Pin. In RT mode, an external

13 RT/CLK | timing resistor connected between this pin and AGND sets the switching frequency. In CLK
mode, an external clock sets the switching frequency.
14 FB | Feedback Input. A resistor divider is used to connect to the output.
Error Amplifier Output and Input to the PWM Modulator. Connect the frequency compensation
15 COMP | L U
circuit between this pin and GND.
Soft-Start and Tracking Pin. An external capacitor is used to set the soft-start time. This feature is
16 SS/TRK | . X .
used for tracking and sequencing functions.
17 EN | Enable Pin. When this pin is floated or pulled high, the device is enabled. The EN pin can be
used to adjust the input UVLO and hysteresis by a resistor divider.
18 PG o Power Good Open-Drain Output Pin. It is pulled low during soft-start, when EN is low or during

fault events such as thermal shutdown, dropout or over-voltage.

NOTE: | = input, O = output, P = power, G = ground.
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4.5V to 18V Input, 8A,
SGM61184 Synchronous Buck Converter

ELECTRICAL CHARACTERISTICS

(Ty=-40°C to +150°C, Vi = 4.5V to 18V, typical values are measured at Viy = 12V and Ty = +25°C, unless otherwise noted.)

PARAMETER | symeoL | CONDITIONS | miN | TYP | mAX | UNITS
Input Voltage
VIN Under-Voltage Lockout Vomorse | Vuw risi‘ng 4.05 43 Y
Vuvio rat | Vi falling 3.6 3.85
VIN Under-Voltage Lockout Hysteresis Vuwo vys | Hysteresis VIN voltage 200 mV
VIN Supply Current lvin Ven = 1.35V, Vi = 1.5V, non-switching 950 1250 MA
Ven =0V, T, =-40°C to +125°C 3.5 13
VIN Shutdown Current lvin_sp uA
- Ven =0V, T, =-40°C to +150°C 28
Enable (EN Pin)
EN Threshold Venrsne | Ve fising 12 1.35 v
Venraune | Ve falling 1.0 1.15
EN Threshold Voltage Hysteresis VEN HYs 50 mV
EN Sourcing Current Ip Ven =1V 12 pA
Ven = 1.35V 5.2
EN Hysteresis Current In 4.0 pA
Feedback Voltage
T,=+25°C 596 600 604
FB Voltage Ves mV
593 600 607
Error Amplifier
Error Amplifier Transconductance (gm) gMea -2uA < lcomp < 2UA, Veome = 1V 1160 HA/V
Error Amplifier DC Gain Apc 80 dB
Error Amplifier Source Current lcomp sre | Ves = 0.5V 105 MA
Error Amplifier Sink Current lcomp snk | Ves = 0.7V -105 MA
Power Stage Transconductance gMps 17 AN
Soft-Start
Soft-Start Current lss 4.7 MA
Vssire to Ve Matching Vss orrser | Vssrre = 0.4V 38 mV
MOSFET
High-side Switch Resistance Roson_H Veoorsw = 3V 10 22.5 mQ
B Veoor-sw = 5V 8.6 20
. . . Vin =12V 4.5 9.5
Low-side Switch Resistance Roson L mQ
- Vin = 4.5V 4.7 10
BOOT
BOOT UVLO Falling | | 25 | 27 | v
Current Limit
High-side Peak Current Limit loc_Hs Pk 11.6 14.5 17.2 A
Low-side Sinking Current Limit loc Ls_snk -3.4 A
Low-side Sourcing Current Limit loc_Ls sre 9.1 1.4 13.6 A
RT/CLK
Logic High Input Voltage Vin 2 \%
Logic Low Input Voltage Vi 0.8 \%
PG
Vg rising (fault) 108
Power Good Threshold Ves f‘_”‘"mg (good) 106 %Vrer
Vg rising (good) 91
Veg falling (fault) 89
Leakage Current when Pulled High lpe ke Vpg = 5V 5 nA
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4.5V to 18V Input, 8A,
SGM61184 Synchronous Buck Converter

ELECTRICAL CHARACTERISTICS (continued)

(Ty=-40°C to +150°C, Vi = 4.5V to 18V, typical values are measured at Viy = 12V and Ty = +25°C, unless otherwise noted.)

PARAMETER | symBoL | CONDITIONS | MiN | TYP | MAX | UNITS
PG
PG Voltage when Pulled Low Veg tow | Vin =12V, lpg = 2mA 0.3 \Y
Minimum Vy for Valid Output Ve < 0.5V at 100pA 1.7 2.1 \%
Thermal Shutdown
Thermal Shutdown Tsp Temperature rising 175 °C
Thermal Shutdown Hysteresis Tso_mys 15 °C

DYNAMIC CHARACTERISTICS

(Ty =-40°C to +150°C, Vi = 4.5V to 18V, typical values are measured at Viy = 12V and Ty = +25°C, unless otherwise noted.)

PARAMETER | symBoL | CONDITIONS | MiN | TYP | MAX | UNITS
EN
EN to Start of Switching | | | | 158 | | bs
PG
Deglitch Time PG Going High 272 Cycles
Deglitch Time PG Going Low 16 Cycles
sSw
Minimum On-Time ton_miN LM:agg%eudH?tlfgyi tgfg% of VIN, 94 ns
Minimum Off-Time torr min | VeooT-sw 2 2.6V 0 ns
RT/CLK
Minimum Switching Frequency (RT Mode) | fsw min | Rrr = 260kQ 200 kHz
Switching Frequency (RT Mode) Rrr = 100kQ 450 500 550 kHz
?/IRa_lrxul\;l(;Jdn;)Swnchlng Frequency fow max | Rer = 28.7kQ 1600 kHz
g\;v:ggl?gl_?e&ggg;:y Synchronization fon o 200 1600 KHz
RT/CLK Falling Edge to SW Rising Edge M_easure at 500kHz with RT resistor in series 40 ns
Delay (CLK Mode) with RT/CLK
Mi_nimum Synchronization Signal Pulse 35 ns
Width (CLK Mode)
Hiccup
Wait Time before Hiccup 512 Cycles
Hiccup Time before Restart 16384 Cycles
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SGM61184

4.5V to 18V Input, 8A,
Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS

VIN Pin Non-Switching Supply Current vs. Junction Temperature
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4.5V to 18V Input, 8A,
SGM61184 Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Error Amplifier Transconductance vs. Junction Temperature COMP to SW Transconductance vs. Junction Temperature
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SGM61184

4.5V to 18V Input, 8A,
Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

PGOOD Leakage Current vs. Junction Temperature
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SGM61184

4.5V to 18V Input, 8A,

Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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4.5V to 18V Input, 8A,
SGM61184 Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta=+25°C, Vin = 12V, Vour = 1.8V, fsw = 700kHz, L = 1uH (DCR = 5.5mQ), unless otherwise noted.
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SGM61184

4.5V to 18V Input, 8A,

Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta=+25°C, Vin = 12V, Vour = 1.8V, fsw = 700kHz, L = 1uH (DCR = 5.5mQ), unless otherwise noted.
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SGM61184

4.5V to 18V Input, 8A,

Synchronous Buck Converter

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Ta=+25°C, Vin = 12V, Vour = 1.8V, fsw = 700kHz, L = 1uH (DCR = 5.5mQ), unless otherwise noted.
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4.5V to 18V Input, 8A,
SGM61184 Synchronous Buck Converter

FUNCTIONAL BLOCK DIAGRAM
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Figure 2. Block Diagram
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SGM61184

4.5V to 18V Input, 8A,
Synchronous Buck Converter

DETAILED DESCRIPTION

Overview

The SGM61184 is a 4.5V to 18V, 8A, synchronous
Buck converter with integrated high-side and low-side
MOSFETs. The minimum achievable output voltage of
this converter is 0.6V, which is equal to the device
internal reference voltage (Vger).

As a constant frequency, peak current mode control
device, SGM61184 can provide fast transient response
with a simple compensation circuit. The wide switching
frequency is adjustable from 200kHz to 1600kHz to
allow optimizing of the efficiency and size of the
converter. For adjusting the internal switching
frequency, an external resistor Rrt is connected
between the RT/CLK pin and GND. The device also
accepts an external clock source on this pin to
synchronize the oscillator using the internal phase
locked loop (PLL).

This device can have a safe and monotonic start-up in
output pre-biased conditions. The V,y must exceed the
under-voltage lockout threshold (UVLO, 4.05V TYP) for
device power-up. The UVLO thresholds can be
adjusted (increased) by connecting the EN pin to the
tap point of a resistor divider between the VIN pin and
GND. The EN internal pull-up current source and the
resistor divider determine the UVLO thresholds. When
the EN is floated or is pulled high, the device is enabled
and the total device current (no switching) is near
950pA. Pulling the EN pin low will shut down the device
with 3.5pA (TYP) supply current.

The integrated MOSFETs are optimized for higher
efficiency at lower duty cycles. They can efficiently
provide up to 8A continuous output current. The
integrated bootstrap circuit along with the external boot
capacitor provides the bias voltage for the high-side
MOSFET driver. The voltage of the bootstrap capacitor
that is placed between the BOOT and SW pins is
continuously monitored for bootstrap UVLO (BOOT-SW
UVLO) detection. If the boot capacitor voltage drops
below the bootstrap UVLO, the SW pin will be pulled
low to recharge the boot capacitor. 100% duty cycle
operation is possible as long as the boot capacitor

voltage is higher than the 2.5V (TYP) threshold (preset
UVLO level).

The device contains a power good (PG) pin which
indicates the status of the output voltage by comparing
the FB voltage and the internal reference voltage. PG
pin is connected to the drain of internal MOSFET. The
PG signal is high when Vg is between 91% and 106%
of its nominal (set) value and goes low if Vour drops
below 89% or rises above 108% of its nominal value.

The SS/TRK (soft-start/tracking) pin can be used to
minimize the inrush currents (soft-start function) with a
small value capacitor, or for power supply sequencing
during power-up with a resistor divider from preceding
voltage rail. It is the input pin for the voltage that is
followed by the output when the power supply is used
in the tracking mode.

The SGM61184 is protected from output over-voltage,
over-current and over-heating damage. The output
over-voltage transients are effectively minimized by the
over-voltage comparator of the power good circuit.
When an over-voltage occurs, the high-side switch is
forced off and allowed to turn on again if the Voyr drops
below 106% of its nominal value.

High-side MOSFET is naturally protected from sourcing
over-current by peak current mode control. The
low-side MOSFET is also protected bidirectionally
against over-current. This feature helps the control of
the inductor current to avoid current run away.

If a die temperature is too high (T, > Tsp), the device
will stop switching and go into shutdown state. It will
automatically recover with a soft-start when the junction
temperature drops 15°C (TYP) below the shutdown
temperature.

Note that a continued overload condition may cause a
cycling thermal shutdown and recovery. It will depend
on the temperature and the ventilation conditions of the
system.
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SGM61184

4.5V to 18V Input, 8A,
Synchronous Buck Converter

DETAILED DESCRIPTION (continued)

Power Input Pins

The VIN pin supplies the internal circuits of the device
as well as it also provides the supply voltage for the
power switches. The V|y operates between 4.5V and
18V, and a voltage divider connected to the EN pin from
either VIN pin can be used to adjust the power supply
UVLO.

EN Pin and UVLO Programming

The EN pin is used to turn the device on and off. The
device starts operation when the EN voltage rises
above the enable rising threshold. Pulling the EN
voltage below the enable falling threshold stops
switching and reduces the device current to the very
low quiescent shutdown level. Floating the EN pin will
enable the device due to its internal pull-up current
source. This current source is used for programming
the UVLO threshold. An open-drain or open-collector
output connected to the EN pin can be used to control
the device. An internal UVLO circuit is implemented on
the VIN pin to disable the device and prevent
malfunction when the supply voltage is too low. The
internal VIN_UVLO hysteresis is 200mV. To program a
higher UVLO threshold for the VIN, the EN pin can be
configured to one of the configurations shown in Figure
3. Without external components, the internal pull-up
current (I) sets the EN pin default state to enable.
When the device is enabled, the second current source
(I4) is activated. Ip and Iy are used to set the UVLO.

VIN SGM61184

5
REN'\

EN

L
Renz 2

Figure 3. VIN UVLO Setting with a Resistor Divider

The resistor divider can be calculated by Equations 1
and 2 based on the desired UVLO start and stop
thresholds.

V,
ENFALLING
Vsrarr X ( V. = Vsrop
R - ENRISING
ENt = Vv (1)
ENFALLING
I, x (1 — J +1,
ENRISING
R — Rent * Venraiume )
EN2 =
Vstor = Venraums + Rent X (b + 1)

where:
Ih = 4.0pA.
Ip = 1.2uA.

Venrising = 1.2V
VenraLuing = 1.15V.

Soft-Start (SS/TRK)
The lower voltage between the internal VREF and the
SS/TRK pins is used as the reference to regulate the
output. The soft-start capacitor is connected to the
SS/TRK pin and is charged by a 4.7uA internal current
source to set the soft-start time (iss).

Cqs (nF) X Vger (V)
e (HA) 3)

tss(ms) =

where:
VREF =0.6V.
Iss is the soft-start current source (4.7pA).

Start-Up with Pre-Biased Output

The low-side switch is prohibited from turning on and
discharging the output if a pre-biased voltage is sensed
on the output before start-up. As long as the SS/TRK
pin voltage is below Vgg, the low-side switch is not
allowed to sink current to have a monotonic start-up
with pre-biased output.

Reference Voltage (Vrer)

A precise 0.6V reference is internally implemented by
scaling the output of a temperature-stable band-gap
circuit. The reference voltage tolerance over the whole
temperature range is +1.2%. The actual reference
voltage for output setting is changed during start-up or
tracking.

Output Voltage Setting

The output voltage of the device can be adjusted by
resistors Rrg1 and Rrgy which are connected to the FB
pin. Use resistors with 1% tolerance or better for good
output accuracy. Equation 4 can be used to calculate
the Rrg1 and Rgpy (upper and lower resistors) values
based on the desired output voltage (Vour) and Vger.
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SGM61184

4.5V to 18V Input, 8A,
Synchronous Buck Converter

DETAILED DESCRIPTION (continued)

VOUT
———

SGM61184

Rrs13

FB
Ree2 2 0.6V ~i>

Figure 4. FB Resistor Divider

Vour
Rrg1 = Reg2 X (V - 1)
REF

where:
VREF =0.6V.

For example, a 10kQ resistor can be chosen for Rego
and then Rggq is calculated. Do not choose so large
resistors that may cause output errors due to the FB
bias current or make the regulator susceptible to the
noises coupled to the FB input.

The minimal output voltage is determined by the
minimum on-time of the high-side switch. The maximal
output voltage is constrained by the bootstrap voltage.

Power Good (PG)

The PG is an open-drain output. It is released if there is
no fault and the FB pin voltage is in regulation. The PG
is pulled low if the FB voltage is lower than 89% or
above 108% of the reference voltage. When the device
is disabled by EN pin or the voltage of SS/TRK pin is
under 1.5V, or if a fault such as UVLO or thermal
shutdown occurs, PG is also pulled low.

A 10kQ to 100kQ pull-up resistor connected to a
voltage rail less than 5.5V is recommended for PG. An
option is using the output voltage for PG pull-up. The
state of PG is valid only if the V|y > 1.7V. The current
sinking capability of PG is limited until V |y exceeds the
4.5V at which the full sinking capacity is available.

Frequency and Synchronization (RT/CLK)
The device can operate in two modes to adjust
switching frequency.

In the RT mode, a resistor (Rgy) is placed between the
RT/CLK and GND pins to set the free running switching
frequency of the PLL.

In the CLK mode, an external clock drives the RT/CLK
pin and the internal switching clock oscillator is
synchronized to CLK by the PLL. The CLK mode
overrides the RT mode. The device automatically
detects the input clock and switches to the CLK mode.

Constant Frequency PWM

The SGM61184 operates at fixed frequency that can be
set by an external resistor or synchronized by external
clock.

It is based on peak current control mode architecture.
The high-side MOSFET is turned on until the sensing
current ramp signal reaches the COMP voltage
determined by the EA. If the switch current does not
reach the reference value that generates from the
COMP voltage at the end of a cycle, the high-side
switch remains on for the next cycle until the current
meets the reference value.

Continuous Current Mode (CCM)

In most load conditions, the device operates in
continuous conduction mode (CCM) (forced PWM). For
light loads, the inductor current can be negative when
the low-side switch is on. However, if the current
reaches the low-side sinking current limit, the low-side
switch will be forced off.

It is based on peak current control mode architecture.
The high-side MOSFET is turned on until the sensing
current ramp signal reaches the COMP voltage
determined by the EA. If the switch current does not
reach the reference value that generates from the
COMP voltage at the end of a cycle, the high-side
switch remains on for the next cycle until the current
meets the reference value.

Error Amplifier

The output voltage is sensed by a resistor divider
through the FB pin and is compared with the internal
reference. The error amplifier generates an output
current that is proportional to the voltage difference
(error), and the transconductance is 1160pA/V. The
generated current is then fed into the external
compensation network to generate the voltage on the
COMP pin, which sets the reference value for the peak
current that controls the on-time of the power MOSFET.
COMP is pulled down to the ground when the device
shuts down.
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SGM61184

4.5V to 18V Input, 8A,
Synchronous Buck Converter

DETAILED DESCRIPTION (continued)

Slope Compensation

To avoid sub-harmonic oscillations that result in
unstable PWM pulses, a small negative-slope
compensating ramp is added to the measured switch
current before it is used to generate the PWM signal.
The slope compensation has no influence on the peak
current limit which is maintained over full range of duty
cycle.

Input Over-Voltage Protection

The SGM61184 is designed with an input over-voltage
protection circuit. During normal operation of the chip,
once the input voltage V|y exceeds about 24.2V, the IC
stops switching. The high-side and low-side MOSFETs
both turn off, and the soft-start capacitor discharges.
Until the input voltage V) is lower than about 23.8V, the
OVP state will be released and the device will operate
again.

Output Over-Voltage Protection (OVP)

The device contains an over-voltage protection circuit
to avoid high overshoots of the output voltage during
operation. Usually an OVP occurs after removal of an
overload condition. When the output voltage is dropped
due to a persisting overload, the error amplifier output
reaches to its maximum and forces the converter to
provide the maximum output current. Upon removal of
the overload condition, the regulator output rises
quickly because the high inductor current charges the
output capacitor rapidly, especially when Cgyr is small.
The error amplifier will respond and re-adjust itself but
not as fast as the output filter and an overshoot occurs.

To minimize the overshoots, the device monitors the FB
pin voltage and compares it to the internal OVP
threshold. If the threshold is exceeded, the high-side
MOSFET is turned off to stop feeding current to the
output, and the low-side MOSFET turns on and rapidly
discharges the output voltage. When the FB voltage
drops below the OVP threshold, the high-side MOSFET
can turn on again in the next cycle.

Over-Current Protection

Both high-side and low-side switches are protected
from over-current with cycle-by-cycle current limiting as
explained in the next two sections.

High-side Switch Over-Current Protection
Using current mode control, the pulse width (from the
beginning of the cycle until high-side turn-off) is
determined by the compensator output voltage (Vcomp
at COMP pin) in a cycle-by-cycle basis. In each cycle
the high-side switch current is continuously compared
with the current set point determined by compensator
output (Vcomp) and when the high-side current reaches
to that reference (peak current), the high-side switch is
turned off.

Low-side MOSFET Over-Current Protection
The current of the low-side switch is continuously
monitored while it is turned on. Normally, the low-side
switch sources current from ground to the load through
the inductor. Before the beginning of a new cycle, the
low-side current is compared to its current limit which is
normally lower than the high-side current limit. Only
when the low-side source current drops below its
current limit, the high-side MOSFET will turn on again
for the new cycle.

In some operating conditions, the low-side switch sinks
current from the load to the ground. If the low-side
sinking current exceeds the typical limit of -3.4A, the
low-side switch will immediately turn off and both
switches will not turn on until the end of the cycle.

Thermal shutdown

To protect the device from damage due to overheating,
the thermal shutdown feature is implemented to disable
the device when the die temperature exceeds +175°C
(TYP). A new power-up sequence is initiated
automatically once the temperature falls below +160°C
(15°C hysteresis, TYP).

Device Functional Modes

Switching Frequency Setting (RT Mode)
Selection of the switching frequency is generally a
tradeoff between the solution size, efficiency, and the
minimum controllable on-time. The RT resistance can
be designed from Equation 5.

Rer (kQ) = 68775 x f,, (kHz) % )
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SGM61184

4.5V to 18V Input, 8A,
Synchronous Buck Converter

DETAILED DESCRIPTION (continued)

Synchronization (CLK Mode)
The device uses an internal phase locked loop (PLL) to
set or synchronize to an external clock signal with the
200kHz to 1600kHz range. Mode change from RT
mode to CLK mode is allowed.

For stable synchronization, a square wave clock with
20% to 80% duty cycle must be applied to the RT/CLK
pin. The logic low and high levels of the clock must be
below 0.8V and above 2.0V respectively. The switching
cycle starts with the falling edge of the RT/CLK signal.

If both RT and CLK modes are needed in an application,
configuration shown in Figure 5 can be used. The RT
mode can be overridden by CLK mode when both Rgr
and clock are present. Mode switch occurs when the
RT/CLK is pulled above 2.0V for the first time. Once
CLK mode is selected, the PLL is locked to external
CLK and the RT/CLK pin shifts to a high-impedance
state. Going back from CLK mode to RT mode is not
recommended, because by removing clock, the
switching frequency drops to around 100kHz first
(waiting for synchronize clock) before recovery to the
free running frequency that is set by RT resistor. Figure
6 and Figure 7 show the typical performance for the
transition from RT mode to CLK mode then back to RT
mode.

E—- o
8
Vour 4 = 3
Vin = 12V, Vour = 3.3V, loyr = 4A, CLK = 1MHz S
s . 9_
i A 2
I s
Ve femee= ‘ ‘| ‘ S g
f \ o
|| 2
| =N
| )

Vsw B .

Time (20ps/div)
Figure 6. RT to CLK to RT 700kHz

RT/CLK
Mode Select
SGM61184

RT/CLK

Figure 5. Using RT and CLK Modes Together

Bootstrap Voltage (BOOT) and Operation with Low
Dropout (100% Duty Cycle)
An integrated bootstrap regulator is used for powering
the high-side MOSFET gate driver. A small 0.1uF
ceramic capacitor (X5R or X7R grade) with at least 10V
rating is required between the BOOT and SW pins to
supply the gate driver. It is recharged from VIN source
through an internal switch every time the SW goes low.
Recharge happens when the BOOT pin voltage is less
than VIN and the BOOT-SW voltage is below the
required regulation for the high-side gate voltage. The
SGM61184 has no minimum off-time. It can operate at
100% duty cycle as long as the BOOT-SW voltage is
higher than its UVLO threshold (2.5V, TYP). If the
BOOT-SW voltage drops below its UVLO threshold, the
high-side switch turns off and the low-side switch turns
on to recharge the boot capacitor.

N
8
Vour “f5 * 3
Vin = 12V, Vour = 3.3V, loyr = 4A, CLK = 1.6MHz | <
25,0 Q.
e : . =
T A
it WM W N
‘h'M | M it ‘ <
I v LR fifl
Veik = : oy | — %

AIP/AG

Time (20ps/div)
Figure 7. RT to CLK to RT 1200kHz
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SGM61184

4.5V to 18V Input, 8A,
Synchronous Buck Converter

DETAILED DESCRIPTION (continued)

Start-Up Sequencing (SS/TRK)
The SS/TRK, EN and PG pins allow the implementation
of common power supply sequencing methods. A
simple sequencing approach is shown in Figure 8 in
which the right side of SGM61184 device is powered up
after the left one. The PG of the left device is coupled to
the EN pin of the right. The right side power supply is
enabled after the primary supply reaches regulation.

SGM61184 SGM61184

PG

-
f SSITRK _,1
I

EN PG

f SS/TRK

Figure 8. Sequential Start-Up Sequence

Figure 9 shows the ratiometric sequencing of two
converters. The SS/TRK and EN inputs of the two
devices are tied together. In this configuration, the Isg
current sources from the SS/TRK pins are added
together and 2 x Isg should be considered to calculate
the soft-start capacitor from Equation 3.

EN
SGMé61184

SS/TRK

l PG
Icss

EN
SGMé61184

SS/TRK

PG

Figure 9. Ratiometric Sequencing of Two Devices

Simultaneous ratiometric sequencing can also be
implemented by using a resistor divider as shown in
Figure 10 by Rss1 and Rgso.

BOOT

EN
sSw
SGM61184

—,_— SS/TRK

PG

BOOT —|

CBOOTZ

EN

Vourz
SwW p—

Rest SGM61184

SS/TRK
Rss2 PG FB
% R
1 Regs T

Figure 10. Ratiometric and Simultaneous Start-Up
Sequence

In this example, the second power supply output (Voure)
tracks Vours (the output of the first power supply). By
proper selection of Rss1 and Rss», Voute €an ramp up
and reach regulation with the same rate, or a little bit
faster or slower than Voyr1. Note that Vour; is tracking
Vouts and reaches regulation first. Equations 7 and 8
can be used to calculate the tracking resistors. AV is
the desired Vouti - Vourz difference when Voura
reaches regulation. AV will be positive when Vgyrq
change rate is higher than Vgyr, start-up rate. It will be
negative if Voyr, rate is faster. With simultaneous
sequencing, AV is zero. To assure the proper device
operation, make sure that the selected Rssq is larger
than the value given in Equation 9.

AV = VOUT1 - VOUT2 (6)
R - VOUT2 + AV « VSSOFFSET 7)
st VREF Iss
R.. = Veer X R ®)
sS2
VOUT2 +AV - VREF
Reg; > 20000 x Vo, 9)

The Vssoreser is the inherent SS/TRK to FB offset of the
device (38mV, TYP) and lss is the pull-up current
source (4.7uA).
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SGM61184

4.5V to 18V Input, 8A,
Synchronous Buck Converter

APPLICATION INFORMATION

Typical Application

The schematic of a typical application circuit that is used for SGM61184 is given in Figure 11.
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Figure 11. SGM61184 Typical Application Circuit

In this example, a high frequency regulator with
ceramic output capacitors will be designed using
SGM61184 and the details will be reviewed. The design
requirements are typically determined at the system

level. In this example,
summarized in Table 1.

Table 1. Design Parameters

the known parameters are

Design Parameter Example Value
Input Voltage Range (Vin) 12V nominal, 4.5V to 15V
Output Voltage (Vour) 1.8V
Transient Response +4%, £72mV
Output Ripple Voltage 0.5%, 9mV
Output Current Rating (lour) 8A
Switching Frequency (fsw) 700kHz

Operating Frequency

Usually the first parameter to design is the switching
frequency (fsw). Higher switching frequencies allow
smaller solution size and smaller filter inductors and
capacitors, and the bandwidth of the converter can be
increased for faster response. It is also easier to filter
noises because they also shift to higher frequencies.
The drawbacks are increased switching and gate
driving losses that result in lower efficiency and tighter
thermal limits. Also the duty cycle range and Buck ratio
will be limited due to the minimum on-time and/or
off-time limits of the converter. In this design, fgw =
700kHz is chosen as a tradeoff. From Equation 10, the
nearest standard resistor for this frequency is R; =
69.8kQ.

R, (kQ) = 68775 x fy,, (kHz) "% (10)
Inductor Design

Equation 11 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 (Al,)
to the maximum output current (Ioyt) is represented as
Kino 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 (lopyt + 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. During
power-up with large output capacitor, over-current,
output shorted or load transient conditions, the actual
peak current of inductor can be greater than I_ peax
calculated in Equation 14. For peak current mode
converter, selecting an inductor with saturation current
above the switch current limit is sufficient. The ripple
current also affects the output capacitor selection. 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 Kyp value
reduces the selected inductance.

-V,
ouT

lour *Kino

VOUT

\/INMAX x fSW

- Vinwax

L, (11)
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SGM61184

4.5V to 18V Input, 8A,
Synchronous Buck Converter

APPLICATION INFORMATION (continued)

In this example, Kyp = 0.3 is chosen and the
inductance is calculated to be 0.94uH. The nearest
standard value is 1uH. The ripple, RMS and peak
inductors current calculations are summarized in
Equations 12, 13 and 14 respectively.

V, -V, V,
| = Vinmax = Vour out 12
RIPPLE L, Vi * fa (12)

2
1 | Vour x(V, -Vour)
. aws = \/|OUT2 + —x{ out INmMAX ~ Vourt (13)

12 Vinmax XLy x fgy
I
I peax = lour + % (14)

For this example, the ripple, RMS, and peak inductor
current are calculated as 2.3A, 8.0A and 9.1A
respectively.

Output Capacitor Design

Three primary criteria must be considered for design of
the output capacitor (Coyt): (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 Voyr 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). It may
also be expressed as the maximum output voltage drop
or rise when the full load is connected or disconnected
(100% load step). The minimum output capacitance
can be given by Equation 15, which represents that the
AVouyr (overshoot or undershoot) is approximately
equal to the Algyr (load current step) multiplied by the
output impedance at crossover frequency. The target
crossover frequency is 1/10™ of the switching
frequency.

Aloyr 1

x (15)
AVoyr znfoJ
10

COUT >

where:

* Aloyt is the change in output current.

« fsw is the regulator's switching frequency.

» AVgyr is the allowable change in the output voltage.

For example, if the acceptable transient to a 4A load
step is 4%, by inserting AVoyr = 72mV and Algyr = 4A,
the minimum required capacitance will be 126uF.
Generally, the ESR of ceramic capacitors is small
enough. The impact of output capacitor ESR on the
transient is not taken into account in Equation 15.

Equation 16 can be used for the output ripple criteria
and finding the minimum output capacitance needed. In
this example, the allowed ripple is 9mV that results in
minimum capacitance of 45uF.

1 1

—X
8 x Ty VoreepLe

Cour > (16)

IRIF’PLE

where:
* VorppLe IS the maximum allowable output voltage

ripple.
* IrippLe is the inductor ripple current.

Note that the impact of output capacitor ESR on the
ripple is not considered in Equation 17. Use Equation
17 to calculate the maximum acceptable ESR of the
output capacitor to meet the output voltage ripple
requirement. In this example, the ESR must be less
than 4mQ.

RESR < m (17)

RIPPLE
Higher nominal capacitance value must be chosen due
to aging, temperature, and DC bias derating of the
output capacitors. In this example, a 4 x 47uF/6.3V

1206 X5R ceramic capacitor with 3mQ of ESR is 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 18 calculates the RMS current that the output
capacitor must support. In this example, it is 653mA.

Vour * (Vinmax— Vour) (18)
J12x Vinmax XLy x fs

lCORMS =
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SGM61184

4.5V to 18V Input, 8A,
Synchronous Buck Converter

APPLICATION INFORMATION (continued)

Input Capacitor Design

A high-quality ceramic capacitor (X5R or X7R or better
dielectric grade) must be used for input decoupling of
the SGM61184. At least 4.7uF of effective capacitance
(after deratings) is needed on the VIN input. If input
power is far away from the device, additional bulk
capacitor is recommended in parallel to stabilize input
voltage. The RMS value of input capacitor can be
calculated from Equation 26 and the maximum lcrus
occurs at 50% duty cycle. For this example, the
maximum input RMS current is 3.9A with the 4.5V
minimum input. The ripple current rating of input
capacitor should be greater than I¢rus.

s = lour X \/VOUT X (Vi = Vour ) (19)

\/INMIN X \/INMIN

In this example, the voltage rating of capacitor should
have a safe margin from maximum input voltage.
Therefore, select two 10uF, 1206X7R, 25V and two
0.1uF, 0603X7R, 25V capacitors in parallel and put on
both sides of the device near both VIN pins to PGND
pins. The total input capacitance derates to 7.6uF at
the normal input voltage of 12V. They are placed in
parallel because the two VIN inputs are tied together to
operate from a single supply in this design.

The input voltage ripple can be calculated from
Equation 20, the maximum ripple occurs at 50% duty
cycle. In this example, the input voltage ripple is 192mV
at the 12V normal input.

lourmax XD > (1-D)

AV, =
" CIN x fsw

(20)

Soft-Start Capacitor

The soft-start capacitor programs the ramp-up time of
the output voltage during power-up. The ramp is
needed in many applications due to limited voltage
slew rate required by the load or limited available input
current to avoid input voltage sag during start-up
(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 21 (with Iss = 4.7pA and Vger = 0.6V) 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 (47uFx4) and the
soft-start time is not critical because it does not require
too much charge for 1.8V output voltage. However, it is
better to set a small arbitrary value, like Css = 8.2nF
that results in 1ms start-up time.

tee (Ms)xlsg (WA)

Cy (NF) = ss ss 21

= Veer (V) @0

Bootstrap Capacitor Selection

A 0.1uF ceramic capacitor with 10V or higher voltage

rating must be connected between the BOOT-SW pin.
X5R or better dielectric types are recommended.

UVLO Setting
The under-voltage lockout (UVLO) can be programmed
from VIN pins by an external voltage divider network. In
this design, the turn-on (enable to start switching)
occurs when VIN rises above 4.5V. When the regulator
is working, it will not stop switching (disabled) until the
input falls below 4V. Equations 1 and 2 are provided to
calculate the resistors. For this example, the nearest
standard resistor values are Ry = 76.8kQ and R, =
27.4kQ.

Feedback Resistors

A resistor divider created by an upper resistor (Rs) and
a lower resistor (Rs) can set the output voltage.
Equation 22 calculates the resistors. When Rg is
selected as 6.04kQ, the nearest 1% resistor for the
calculated R, value (12.08kQ) is 12.1kQ. For higher
output accuracy, choose resistors with better tolerance
(0.5% or better).

V
R, = REF

=—— xR 22
Vour-Vrer = ° (22)
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SGM61184

4.5V to 18V Input, 8A,
Synchronous Buck Converter

APPLICATION INFORMATION (continued)

Minimum Output Voltage

There is a minimum output voltage limit for any given
input voltage due to the limited minimum switching
on-time of the device. Above the 0.6V minimum
possible output, the lowest achievable voltage is given
by Equation 23.

Voutmin = tonmin % fswmax (Vinmax + loutmin (Roson_HMmIN -
Rbson_min)) - loutmin (RL + Roson_Hmin) +— (23)

where:

* Vourmin = Minimum achievable output voltage.

* tonmin = Minimum controllable on-time (150ns MAX).

* fswmax = Maximum fsy (including tolerance).

* Vinmax = Maximum input voltage.

* loutmin = Minimum load current.

° RDSON_HMIN = Minimum hlgh-Slde switch RDSON (86mQ
to 10mQ, TYP).

* Rpson_tmvin = Minimum low-side switch Rpson (4.5mQ
to 4.7mQ, TYP).

* R, = Output Inductor series resistance.

Loop Compensation Design

Several techniques are used by engineers to
compensate a DC/DC regulator. The recommended
calculation method here is quite simple and yields
results with high phase margins. 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.

For this design, the target cross frequency f¢ = fs/10 =
70kHz. For Cqur, the derated value of 126.8uF and
Resr of 1mQ are used. Having the crossover frequency,
the compensation network (Rg and Ci;) can be
calculated. Rg programs the gain of the compensated
network at the crossover frequency and can be
calculated by Equation 24.

_2mx fo x Vour X Cour

Rs
Mgy X Ve X gMeg

(24)

where:

* gmg, is the gm amplifier gain (1160uA/V).
* gmps is the power stage gain (17A/V).

* Vrer is the reference voltage (0.6V).

Cq, sets the location of the compensation zero along
with Rg. To place this zero on the converter pole, use
Equation 25.

_ Vour *Cour

Cpp, = (25)

lour XRe

From Equations 24 and 25, the standard selected
values are Rg = 10kQ and C, = 3.3nF.

A high frequency pole can also be added by a parallel
capacitor if needed. This capacitor is recommended to
help filter switching noise that may couple to the COMP
voltage signal. Use Equation 26 to calculate the Cy.
For this design, the closest standard value is 24pF

1
"o 2 xRy xfgy,

The initial compensation based on these calculations is
Rs = 10kQ, C4, = 3.3nF, and C4; = 24pF. These values
yield a stable design, but it is at a critical point that
meets the dynamic response requirements. Type Il
compensation can be used to improve bandwidth and
phase margin. It is used by adding the feed forward
capacitor C,43 in parallel with the upper feedback
resistor. The feed forward capacitor generates a not
independent zero pole pair. The position of the zero
point is calculated by Equation 27.The position of the
pole point is calculated by Equation 28. For this design,
C43 = 180pF and R4y = 390Q are selected to obtain a
better bandwidth and phase margin. For the typelll
compensation, Ry; is necessary, which can help to
adjust the position of zero and pole pairs more flexibly
and reduce the switching noise of FB node.

1

(26)

f =

2= 2mx(R, +R,)xC,, 27
fo= ! 28
" 2mx(R,//IR; +R,,)xC,, (28)
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4.5V to 18V Input, 8A,

SGM61184 Synchronous Buck Converter

APPLICATION INFORMATION (continued)

Layout Guidelines

PCB layout is critical for stable and

high-performance converter operation.

Place the nearest input high frequency decoupling
capacitor between VIN and AGND pins as close as
possible.

Place a larger input ceramic capacitor close to VIN
and GND pins for minimizing the influence of ground
bounce.

Use short and wide trace to connect SW node to the
inductor. Minimize the area of switching loop.
Otherwise, large voltage spikes on the SW node and
poor EMI performance are inevitable.

Sensitive signals like FB, COMP, EN, RT/CLK traces
must be placed away from high dv/dt nodes (such as
SW) and not inside any high di/dt loop (like capacitor
or switch loops). The ground of these signals should
be connected to GND pin and separated with power
ground.
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Figure 13. Mid Layer 1
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Figure 15. Bottom Layer
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4.5V to 18V Input, 8A,
SGM61184 Synchronous Buck Converter
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PACKAGE INFORMATION

PACKAGE OUTLINE DIMENSIONS

TQFN-3.5%3.5-18AL
2 x e6 4 xDb1
13 x -2 x b4
° DETAILA\ ,\\ T ° N18 |
PIN 1# —] x
e %/u ‘UU\C S*L
== |1 =
E — } 1 i
23LS ‘ ‘ ‘ — "
4xel ‘ ‘ ‘ — 4
— il e
2xbie4 18 x L1t
TOP VIEW BOTTOM VIEW
—2x165
2 x 1.375 4%0.25
Wz x 0.50
SEATING PLANE [ ]eee]C] 8 X;&EHH «Hi% B»E|
T M_I‘D_\j‘\:lﬁij | . } ‘ E4 165
i 2x0.95 .
o] ey — g [ Tz, J
A SIDE VIEW 2» sy B i ) O‘foz x2.70
i (==
L[ 1 [ ] [ _T8xo0s30
1 O gxtts— - Wl | !
ALTERNATE A-1 ALTERNATE A2 ! @
ALTER?\E?E“TLE:MINAL —=—=-2x0.20
CONSTRUCTION 275
RECOMMENDED LAND PATTERN (Unit: mm)
Svmbol Dimensions In Millimeters
y MIN MOD MAX
A 0.700 - 0.800
A1 0.000 - 0.050
A2 0.203 REF
b 0.150 - 0.250
b1 0.200 - 0.300
b2 0.250 - 0.350
b3 0.350 - 0.450
b4 0.450 - 0.550
D 3.400 - 3.600
E 3.400 - 3.600
e 0.500 BSC
el 0.550 BSC
e2 0.600 BSC
el 0.650 BSC
e4 0.650 BSC
e5 0.950 BSC
€6 1.375 BSC
L 0.300 - 0.500
L1 0.850 - 1.050
L2 2.400 - 2.600
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-3.5x3.5-18AL 13" 12.4 3.75 3.75 1.05 4.0 8.0 2.0 12.0 Q1
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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
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