IN1630-A6GC

Wide Range Synchronous Buck Converter

Features

& Wide Input Voltage Range: 8V to 60V
¢ Adjustable Output Voltage

&> 300pA Shutdown Current

& Programmable switching frequency
& Programmable current limit

& Up to 95% Efficiency

& Short-Circuit Protection

& Thermal Shutdown

<> Available in SOP-14 Package

Applications

<> Automotive Systems
<> Industrial Automation and Motor Control
> Electric vehicles
<> Energy Storage System Management
in the domain of alternative energy
<& Intelligent Devices and Robots
<> Constant power
< Solar electric equipment

Description

The IN1630-AGC is a synchronous step down
regulator, operating with a wide input voltage
range from 8V to 60V. The IN1630-AGC can
achieves maximum 3.5A continuous output
current with excellent load and line regulation.
The switching frequency is adjustable according to
the resistor value and the synchronous architec-
ture provides for a highly efficient design. Current
mode operation provides fast transient response
and eases loop stabilization.

The IN1630-AGC integrates soft-start and
over-temperature protection circuits, output
short-circuit protection, current limit protection
and other functions to improve system reliability.
The IN1630-AGC requires a minimum number of
readily available standard external components.
The IN1630-AGC converter is available in the
industry standard SOP-14 package.

Typical Application Circuit
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Figure 1, 8V- 60V, Synchronous Buck Conveter

NOTE:

1.The typical application circuits and parametes are for reference only. Actual application circuit parameters should be set based on
actual measurements. For mass production and modifications, please communicate with the orginal manufacturer.
2.Adjust the input electrolytic capacitor and resistor according to the actual operating voltage.
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Pin Configuration Absolute Maximum Ratings
Over operating free-air temperature unless otherwise noted .
SW1 | 1 14| GND DESCRIPTION MIN  MAX  UNIT
SW2 | 2 13 I GND VIN, EN -0.3 65 V
OUT |I zl VIN2 BOOST -0.3 72 \Y
SW -1 65 Vv
ISK 4 11 | VINI
|: :l ISK -0.3 12 Y
EN | 5 10 |[BOOST BOOST-SW -0.3 12 V
FB [6 9 ] GND ILIM, FREQ 0.3 6 Vv
ILIM |I Il FREQ Operating junction temperature T -40 120 °C
Storage temperature TSTG -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Rating may cause device permanent damage. These are
stress ratings only and functional operation of the devices at these or any other conditions beyond those
indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum rating
conditions may affect device reliability.

(2) TheICincludes over temperature protection to protect the device during overload conditions. Junction
temperature will exceed 120 C when over temperature protection is active. Continuous operation above the
specified maximum operating above the specified maximum operating junction temperature will reduce

Pin Configuration

NAME NO. PIN FUNCTION
Sw 1,2 Regulator switching output. Connect SW to an external power inductor.
ouT 3 Output voltage pin.
ISK 4 Internal LDO output.

EN Control Input. The external applied voltage need to be above 4.25V to enable the chip. The volt-
EN 5 age need to be below 0.3V to disable the chip. When the EN pin connected with a capacitor, the EN
pin voltage ranges from 4 - 5V under normal working condition.

Feedback Pin. Receive the feedback voltage from an external resistor divider across the output. .
FB 6 The Output voltage is set by R5 and R6:
Vour = Vrer ® [1 + (R5/R6)].

Tie an external resistor between this pin and ground to set max output current. The maximum out-
ILIM 7 put current is set by Rym:

Rum (kQ) =32.5¢ IMAX (A).

Tie an external resistor between this pin and ground to set the operation frequency. The frequency
FREQ 8 is set by R1:
R1(kQ)=20900/f. (kHz).

GND 9,13,14 Ground pin.
BOOST 10 Bootstrap pin. Bootstrap capacitor is charged when SW voltage is low.
VIN 11.12 Main power supply Pin. Connect a local bypass capacitor from VIN pin to GND pin. Path from VIN pin
’ to high frequency bypass capacitor and GND must be as short as possible.
Wuxi Inovices Semiconductor co, LTD

For more information: www.inovices.com
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Recommended Operating Condition

SYMBOL PARAMETER MIN TYP MAX UNIT
Vi Input Voltage Range 8 60 \Y
Vour Adjustable Output Voltage Range 4.5 15 \"
T, Operating junction Temperature -40 120 C
T Storage Temperature Range -65 +150 C
Recommended Component Selection
Part Reference C1 C2 C3 c4 C6 c7 C10 C11
Value 100uF 1uF 0.22uF 1uF 0.1uF 470PF 0.1uF 470uF
Part Reference R1 R2 R3 R4 R5 R6 D L
Value 120K 115K 20R 5R1 100K 11K 4148 47puH
Electrical Characteristics
Operating Conditions: Ta=25 C, CIN=100uF, CouT=470uF, L=47uH, unless otherwise noted.
SYMBOL PARAMETER CONDITION MIN TYP MAX UNIT
Vin Input Voltage Range 8 60 Vv
Visk Internal LDO Output Voltage Range 5 11 \Y
Vs Regulated Voltage Range 1.17 1.2 1.23 \Y
Vin_uvio Input UVLO Threshold Vin Rising 5.5 \
Isruo Shutdown Current EN=0V 0.3 mA
la Quietscent Current Vin=24V, Rum = 130K, lour= OA 1.52 mA
lum Limit Current Rium=115K 3.8 A
VeippLe Output Ripple Vin=30V, Vour = 12V, lour= 2.5A 200 mV
Roson-+ High-side MOSFET on-resistance  Vast - Vsw =10 V 68 mQ
Roson-t Low-side MOSFET on-resistance ~ Vest - Vsw =10 V 24 mQ
EFFI Efficiency Vin=20V, Vour = 12V, lour= 2.5A 96.6 %
Fosc Switching Frequency 8V < Vin< 95V, lour< 1.5A 80 KHz
Ts Storage Temperature Range -40 125 C
Tso Thermal Shutdown Temperature 160 C

Wuxi Inovices Semiconductor co, LTD
For more information: www.inovices.com
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Typical Characteristics
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Figure 2, Input Voltage vs. Output Voltage, Vour=5V
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Figure 4, Input Voltage vs. Maximum Output Current,

Vour=5V, R;m=130k
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Figure 6, Input Voltage vs. Efficiency, Vour=12V, lout=2.5A
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Figure 3, Input Voltage vs. Output Voltage, Vour=12V

4.0

3.8

3.6

/S T

3.4

/

3.2

3.0

2.8

2.6

2.4

22

2.0

Maximum Output Current (A)

8 16 24 32 40 48 60

Input Voltage (V)

Figure 5, Input Voltage vs. Maximum Output Current,

Vour=12V, R;m=130k

Wuxi Inovices Semiconductor co, LTD
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Application Waveforms

Vin=30V, Vou:=12V, unless otherwise noted.

10.0V 10.0ps 125MS/s /240
Ts0.00% 20k 39.8080kHz

Figure 7, SW Switching & V,,: Ripple Waveform ( l,,,s=0A)

5,00V 5,00V 4.00ms 312ksfs (@A / 6.80v
= 0.00000s 2000708 <l0Hz

Figure 9, Power up (l,,c=0A)

The yellow line represents VIN, the blue line represents VOUT

IN1630-AGC

10.0V 4.00ps 250MS/s /2400
T 50.00% WkME <10Hz

Figure 8, SW Switching & V,.: Ripple Waveform ( l,,,6=2.5A)

L

5.00v 20.0ms 62.5kS/s
T50.279% 20k

Figure 11, Power down (Io,=2.5A)

The yellow line represents VIN, the blue line represents VOUT

Wuxi Inovices Semiconductor co, LTD
For more information: www.inovices.com

5.00V CH2 [ 4.00ms 31.2kS/s @A / 6.80V
=7 (,00000s 200098 <l0Hz

Figure 10, Power up (l,=2.5A)

The yellow line represents VIN, the blue line represents VOUT

500mV A, 1.00ms 1.25MS/s \ 375mV
T 26.80% 20kME  4.71400kHz

Figure 12, Load Transient (1.25A -2.5A)
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Figure 13, Thermal, 30V;,, 12Vout, lioag=2.5A

Functional Block Diagram
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Application Information

Thermal Protection

The total power dissipation in IN1630-AGC is limited by a thermal protection circuit. When the device temperature rises
to approximately 160 C, this circuit turns off the output, allowing the IC to cool. The thermal protection circuit can
protect the device from being damaged by overheating in the event of fault conditions. Continuously running the
IN1630-AGC into thermal shutdown degrades device reliability.

Current Limit

The current limit value is defined by Rum. The inductor Current is limited cycle by cycle defined the formula. For exam-
ple, the peak current limit value is 2.1A by the Rum =200k. The current limit value rises when the set resistor Ruwm rises.
The maximum output current is set by Rum: Rum (kQ) =100 IMAX (A).

Inductor Selection

For most applications, the value of the inductor will fall in the range of 47uH to 100uH. Its value is chosen based on the
desired ripple current. Large value inductors lower ripple current and small value inductors result in higher ripple
currents. Higher Vin or Vour also increases the ripple current as shown in equation. A reasonable starting point for setting
ripple current is A 11=0.6A (40% of 1.5A).

Vour
Vin

AL Vour(1— )

1
GIO)

The DC current rating of the inductor should be at least equal to the maximum load current plus half the ripple current
to prevent core saturation. Thus, a 2.1A rated inductor should be enough for most applications (1.5A +0.6A). For better
efficiency, choose a low DC-resistance inductor.

Different core materials and shapes will change the size/current and price/current relationship of an inductor. Toroid or
shielded pot cores in ferrite or perm alloy materials are small and don’t radiate much energy, but generally cost more
than powdered iron core inductors with similar electrical characteristics. The choice of which style inductor to use often
depends more on the price vs. size requirements and any radiated field/EMI requirements than on what the
IN1630-AGC requires to operate.

Output and Input Capacitor Selection

In continuous mode, the source current of the top MOSFET is a square wave of duty cycle VOUT/VIN. To prevent large
voltage transients, a low ESR input capacitor sized for the maximum RMS current must be used. The maximum RMS

capacitor current is given by:

1
[Vour (Vin — Vout)]?
Vin

ClNrequired IRMS = IQMAX

This formula has a maximum at Vin = 2Vour, where laws = lour/2. This simple worst-case condition is commonly used for
design because even significant deviations do not offer much relief. Note that the capacitor manufacturer’s ripple
current ratings are often based on 2000 hours of life. This makes it advisable to further derate the capacitor, or choose a
capacitor rated at a higher temperature than required. Always consult the manufacturer if there is any question.

The selection of COUT is driven by the required effective series resistance (ESR). Typically, once the ESR requirement for
COUT has been met, the RMS current rating generally far exceeds the IRIPPLE(P-P) requirement. The output ripple A
VOUT is determined by:

AV oyr = AIL(ESR + )

8fCour

Wuxi Inovices Semiconductor co, LTD E
For more information: www.inovices.com
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Where f = operating frequency, COUT = output capacitance and AlL = ripple current in the inductor. For a fixed
output voltage, the output ripple is highest at maximum input voltage since AlL increases with input voltage.
Aluminum electrolytic and dry tantalum capacitors are both available in surface mount configurations. In the case of
tantalum, it is critical that the capacitors are surge tested for use in switching power supplies. An excellent choice is
the AVX TPS series of surface mount tantalum. These are specially constructed and tested for low ESR so they give
the lowest ESR for a given volume.

Efficiency Considerations

The efficiency of a switching regulator is equal to the output power divided by the input power times 100%. It is
often useful to analyze individual losses to determine what is limiting the efficiency and which change would  pro-
duce the most improvement. Efficiency can be expressed as: Efficiency = 100%- (L1+ L2+ L3+ ...) where L1, L2, etc.
are the individual losses as a percentage of input power. Although all dissipative elements in the circuit produce
losses, two main sources usually account for most of the losses: VIN quiescent current and 2R losses. The VIN
quiescent current loss dominates the efficiency loss at very low load currents whereas the 12R loss dominates the
efficiency loss at medium to high load currents. In a typical efficiency plot, the efficiency curve at very low load
currents can be misleading since the actual power lost is of no consequence.

The VIN quiescent current is due to two components: the DC bias current as given in the electrical characteristics
and the internal main switch and synchronous switch gate charge currents. The gate charge current results from
switching the gate capacitance of the internal power MOSFET switches. Each time the gate is switched from high to
low to high again, a packet of charge AQ moves from VIN to ground. The resulting AQ/At is the current out of VIN
that is typically larger than the DC bias current. In continuous mode, IGATECHG = f (QT+QB) where QT and QB are
the gate charges of the internal top and  bottom switches. Both the DC bias and gate charge losses are proportional
to VIN and thus their effects will be more pronounced at higher supply voltages .

I2R losses are calculated from the resistances of the internal switches, RSW and external inductor RL. In continuous
mode the average output current flowing through inductor L is “chopped” between the main switch and the
synchronous switch. Thus, the series resistance looking into the SW pin is a function of both top and bottom MOSFET
RDS(ON) and the duty cycle (DC) as follows: RSW = RDS(ON)TOP x DC + RDS(ON)BOT x (1-DC) The RDS(ON) for both
the top and bottom MOSFETs can be obtained from the Typical Performance Characteristics curves. Thus, to obtain
I2R losses, simply add RSW to RL and multiply the result by the square of the average output current. Other losses
including CIN and COUT ESR dissipative losses and inductor core losses generally account for less than 2% of the total
loss.

Board Layout Suggestions

When laying out the printed circuit board, the following checklist should be used to ensure proper operation of the
IN1630-AGC. Check the following in your layout.

The power traces, consisting of the GND trace, the SW trace and the VIN trace should be kept short, direct and
wide.

Put the input capacitor as close as possible to the device pins (VIN and GND) .

SW node is with high frequency voltage swing and should be kept small area. Keep analog components away from
SW node to prevent stray capacitive noise pick-up.

Connect all analog grounds to a command node and then connect the command node to the power ground behind

the output capacitors .

Wuxi Inovices Semiconductor co, LTD E
For more information: www.inovices.com
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Packing Information

SOP-14L Package Outline Dimension:

rHAAAARR G
m @ ———(\—\;r—//+—— "E ____é*“(____
LTI n0g00 .

Dimensions In Millimeters Dimensions In Inches
Symbol
Min Max Min Max
A — 1.750 — 0.069
Al 0.100 0.250 0.004 0.010
A2 1.250 e 0.049 —
B 0.310 0.510 0.012 0.020
C 0.100 0.250 0.004 0.010
D 8.450 8.850 0.333 0.348
E 5.800 6.200 0.228 0.244
El 3.800 4.000 0.150 0.157
e 1.270(BSC) 0.050(BSC)
L 0.400 1.270 0.016 0.050
e 0 8° 0 8°
Wauxi Inovices Semiconductor co, LTD

For more information: www.inovices.com
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IMPORTANT NOTICE AND DISCLAIMER

INOVICES PROVIDES RELIABLITY DATA (INCLUDING DATA SHEETS), APPLICATION OR
OTHER DESIGN ADVICE, SAFETY INFORMATION, AND OTHER RESOURCES "AS IF” AND
WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUD-
ING WITHOUT LIMITATION ANY AMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE OR NON-INFINGEMENT OF THIRD PARTY INTELLECTURAL
PROPERTY RIGHTS.

RIGHT TO MAKE CHANGES

Inovices reserves the right to make corrections, modifications, enhancements, improve-
ments and other changes to its products and services at any time and to discontinue
any product or service without notice.

WARRANTY INFORMATION

Inovices warrants performance of its hardware products to the specifications applicable
at the time of sale in accordance with its standard warranty. Testing and other quality
control techniques are used to the extent it deems necessary to support this warranty.
Hexin assumes no liability for application assistance or customer product design. To
minimize the risk associated with customer products and applications, customer should
provide adequate and operating safeguards.

LIFE SUPPORT

Inovices’s products are not designed to be used as components in devices intended to
be used as components in devices intended to support or sustain human life. Inovices
will not be held liable for any damages or claim resulting form the use of its products in
medical applications.

MILITARY

Inovices’s products are not designed for use in military applications. Inovices will not be
held liable for any damages or claims resulting form the use of its products in military
applications.

Wuxi Inovices Semiconductor co, LTD
For more information: www.inovices.com






