CL7683BA
@ CHIPUINK™ s B COT Mode, 3A, 4.2~18V, Synchronous,

AUREER mUAENE 650KHz, Step-Down DC/DC Converters

Description

The CL7683 is a wide input range, high-efficiency and high frequency DC-to-DC step-down switching
regulator, capable of delivering up to 3A of output current. It adopts an adaptive COT control scheme that enables
very fast transient response and provides a very smooth transition when the output varies from light load to heavy
load. During light load, CL7683 goes into a PFM mode that saves switching loss, achieving high efficiency. The
adaptive COT control also maintains a constant switching frequency across line and load.

The CL7683 requires a minimal number of readily available, external components and is available in a small
package.

Features Applications

€ Wide 4.2V to 18V operating input range € Automotive Entertainment

4 3A continuous output current ¢ Wireless and DSL Modems

€ 650KHz switching frequency 4 Computer Entertainment

€ Short protection with hiccup-mode @ |oT Applications

@ Built-in overcurrent limit @ Digital Still and Video Cameras
€ High efficiency PFM mode at light load € Portable Instruments

@ Integrated internal soft-start

¢ 73/40mQ low RDS(ON) internal MOSFETs
4 Output adjustable from 0.6V

€ Low EMI signature

¢ 96% duty cycle max

€ Built-in 1KQ discharge resistor

¢ Thermal shutdown

4 COT mode

¢ MSL3 package level

Typical Application Circuit
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COT Mode, 3A, 4.2~18V, Synchronous,
650KHz, Step-Down DC/DC Converters

Pin Configuration

Pin Assignment

BST[ 1] O 6] sw

GND[ 2] (5] VIN

FB [3] 4] EN
SOT23-6

Pin No. | Pin Name Pin Function
1 BST Bootstrap. A capacitor connected between SW and BS pins is required to form a
floating supply across the high-side switch driver.
2 GND Ground pin.
FB Adjustable version feedback input. Connect FB to the center point of the external
resistor divider.
EN Drive this pin to a logic-high to enable the IC. Drive to a logic-low to disable the IC and
enter micro-power shutdown mode.
5 VIN Power supply pin.
6 SW Switching pin.

Universal Naming Convention

SW VIM EM
| L 1 [ ]
& 5 4 : :
Pinout Top Mark Mark Information
AGYW , AG Device Code
Left View YW Year & Week
1 2 3
| LI L
BS GND FE
Part No. Product Description
CL7683BA B: OVP A: PFM
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@ CHIPUINK™ s B COT Mode, 3A, 4.2~18V, Synchronous,

RUBEER RUHSME 650KHz, Step-Down DC/DC Converters

Absolute Maximum Ratings (Notes)

Parameter Range Unit
VIN voltage -0.3~19 V
EN voltage -0.3~19 V
SW voltage -3.0 ~ VIN+3.0(<10nS) \Y
BST voltage ~Vsw+5.5 V
FB voltage 0.3~6.5 \Y
Operating junction temperature, T, -40 ~ +150 C
Storage temperature, Tstg -65 ~ +150 C
Lead Temperature (Soldering, 10sec.) 260 T

Note(1): Exceeding these ratings may damage the device.
Note(2): The device is not guaranteed to function outside of its operating conditions.

Recommended Operating Conditions

Parameter Range Unit
Operating junction temperature -40 ~ 125 T
Operating temperature range -40 ~ 85 C
Input voltage VIN 42~18 V
Output current 0~3 A

Note(1): All limits specified at room temperature (TA=25°C) unless otherwise specified. All room temperature limits are 100%

production tested. All limits at temperature extremes are ensured through correlation using standard Statistical Quality Control (SQC)
methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

Thermal Information

Parameter Description SOT23-6 Unit
REJA Junction-to-ambient thermal resistance (1 150 CIW
RBJC(top) Junction-to-case (top) thermal resistance 115 CTIW

Note(1): The package thermal impedance is calculated in accordance to JESD 51-7.
Note(2): Thermal Resistances were simulated on a 4-layer, JEDEC board.

ESD Ratings

Parameter Description Value Unit
HBM Human-body model, pre ANS/ESDA/JEDEC JS-001 2000 V
CDM Charge-device model, pre ANS/ESDA/JEDEC JS-002 +1000 \Y

CL7683BA_EN Rev. 1.1 3 www.chiplink-tech.com



CL7683BA
@ CHIPUINK™ s B COT Mode, 3A, 4.2~18V, Synchronous,

FURRER EUAENE 650KHz, Step-Down DC/DC Converters

Function Block Diagram
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Electrical Characteristics

VIN=12V, TJ=25°C, unless otherwise specified

Symbol Parameter Test Conditions Min Typ Max | Unit
Vin Input Voltage Range 4.2 18 V
OVP Threshold 19 V
Vin_uvto ::]Irl\ésl;]r;cligr-voltage lockout 38 4.2 Vv

VIN under-voltage lockout

Vin_ivs threshold-hystergesis 400 mv
la Quiescent current into VIN Vin=12V, Vout=5V, lLoap=0A 400 500 MA

Isb Shutdown current into VIN pin | Ven=0V, Vin=12V 8 MA
VEes Regulated feedback voltage Vin=12V, Ty=25°C 0.590 | 0.600 | 0612 | V
AVLINE_VIN Output voltage line regulation | Vin=4.5V to 18V 0.5 %
AVLoAD Output voltage load regulation X'GL_JA?(/’O\_/;X;_SV’ 1 %

Oscillation frequency Vin=12V, Vout=5V, lL.oap=1A | 500 650 800 | KHz

Rbson ON resistance of NMOS (HS) | Isw=100mA 73 mQ
Rbson ON resistance of NMOS (LS) Isw=-100mA 40 mQ
High-side switch current limit Vin=12V, FB=90% 5 A
Low-side switch current limit Vin=12V, FB=90% 4 A
VEN H EN rising threshold 1.5 V
VEN L EN falling threshold 04 V
VEN_HYs EN threshold hysteresis 200 mV
leN EN leakage current 1 MA
Isw SW leakage current Ven=0V, Vin=Vsw=12V 1 MA
Tss Soft start 0.7 1.2 1.5 mS
Rpis Output discharger resistance Vin=12V, EN=0V 1000 Q
Tsp Thermal shutdown 160 C
Tsp_ys Thermal hysteresis 10 C
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Functions Description

Internal Regulator

The CL7683 is a COT mode step down DC/DC converter that provides excellent transient response with no
extra external compensation components. This device contains an internal, low resistance, high voltage power
MOSFET, and operates at a high 650KHz operating frequency to ensure a compact, high efficiency design with
excellent AC and DC performance.

Error Amplifier

The error amplifier compares the FB pin voltage with the internal FB reference (VFB) and outputs a current
proportional to the difference between the two. This output current is then used to charge or discharge the internal
compensation network, which is used to control the power MOSFET current. The optimized internal compensation
network minimizes the external component counts and simplifies the control loop design.

Under-Voltage Lockout (UVLO)

Under-voltage lockout (UVLO) protects the chip from operating at an insufficient supply voltage. UVLO
protection monitors the internal regulator voltage. When the voltage is lower than UVLO threshold voltage, the
device is shut off. When the voltage is higher than UVLO threshold voltage, the device is enabled again.

Thermal Shutdown

Thermal shutdown prevents the chip from operating at exceedingly high temperatures. When the silicon die
temperature exceeds 160 °C, it shuts down the whole chip. When the temperature falls below its lower threshold
(Typ. 150°C), the chip is enabled again.

Internal Soft-Start

The soft-start is implemented to prevent the converter output voltage from overshooting during startup. When
the chip starts, the internal circuitry generates a soft-start voltage (SS) ramping up from 0V to 0.6V. When it is
lower than the internal reference (REF), SS overrides REF so the error amplifier uses SS as the reference. When
SS is higher than REF, REF regains control. The SS time is internally max to 1.5ms.

Startup and Shutdown

If both VIN and EN are higher than their appropriate thresholds, the chip starts. The reference block starts first,
generating stable reference voltage and currents, and then the internal regulator is enabled. The regulator provides
stable supply for the remaining circuitries. Three events can shut down the chip: EN low, VIN low and thermal
shutdown. In the shutdown procedure, the signaling path is first blocked to avoid any fault triggering. The comp
voltage and the internal supply rail are then pulled down. The floating driver is not subject to this shutdown
command.

Applications Information

Setting the Output Voltage

CL7683 require an input capacitor, an output capacitor and an inductor. These components are critical to
the performance of the device. CL7683 are internally compensated and do not require external components
to achieve stable operation. The output voltage can be programmed by resistor divider.

Vout= VFeebsack %
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Example of Resistor Selection

VOUT | R1(KQ) | R2(KQ) L1(TYP) CBST Cff CIN couT
1.05V 51 68 2.2uH 0.1pF 10-100pF 20-47pF 20-68uF
1.2V 51 51 2.2uH 0.1pF 10-100pF 20-47yF 20-68pF
1.5V 51 33 3.3pH 0.1pF 10-100pF 20-47pF 20-68uF
3.3V 51 11.3 4.7uH 0.1pF 10-100pF 20-47uF 20-68pF
5.0V 51 6.8 4.7uH 0.1uF 10-100pF 20-47pF 20-68uF

Selecting the Inductor

The recommended inductor values are shown in the Application Diagram. It is important to guarantee the
inductor core does not saturate during any foreseeable operational situation. The inductor should be rated to
handle the peak load current plus the ripple current. Care should be taken when reviewing the different
saturation current ratings that are specified by different manufacturers. Saturation current ratings are typically
specified at 25°C, so ratings at maximum ambient temperature of the application should be requested from
the manufacturer.

L = Vour> (ViN-Vour)
Vin %Al xfosc

Where AL is the inductor ripple current. Choose inductor ripple current to be approximately 30% if the

maximum load current. The maximum inductor peak current is:

IL(MAX) = IL(OAD) + =X
Under light load conditions below 100mA, larger inductance is recommended for improved efficiency.

Selecting the Output Capacitor

Special attention should be paid when selecting these components. The DC bias of these capacitors can
result in a capacitance value that falls below the minimum value given in the recommended capacitor
specifications table.

The ceramic capacitor's actual capacitance can vary with temperature. The capacitor type X7R, which
operates over a temperature range of -55°C to +125°C, will only vary the capacitance to within £15%. The
capacitor type X5R has a similar tolerance over a reduced temperature range of -55°C to +85°C. Many large
value ceramic capacitors, larger than 1uF are manufactured with Z5U or Y5V temperature characteristics.
Their capacitance can drop by more than 50% as the temperature varies from 25°C to 85°C. Therefore X5R or
X7R is recommended over Z5U and Y5V in applications where the ambient temperature will change
significantly above or below 25°C.

Tantalum capacitors are less desirable than ceramic for use as output capacitors because they are more
expensive when comparing equivalent capacitance and voltage ratings in the 10uF to 44uF range.

Another important consideration is that tantalum capacitors have higher ESR values than equivalent size
ceramics. This means that while it may be possible to find a tantalum capacitor with an ESR value within the
stable range, it would have to be larger in capacitance (which means bigger and more costly) than a ceramic
capacitor with the same ESR value. It should also be noted that the ESR of a typical tantalum will increase
about 2:1 as the temperature goes from 25°C down to —40°C, so some guard band must be allowed.
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PCB Layout Example & Guidelines

The PCB layout is an important step to maintain the high performance of the CL7683 device.

1. The input/output capacitors and the inductor should be placed as close as possible to the IC. This
keeps the power traces short. Routing these power traces direct and wide results in low trace resistance and
low parasitic inductance.

2. The low side of the input and output capacitors must be connected properly to the power GND to avoid
a GND potential shift.

3. The sense traces connected to FB are signal traces. Special care should be taken to avoid noise being
induced. Keep these traces away from SW nodes.

4. GND layers might be used for shielding.
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Package Information: SOT23-6
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Dimensions In Millimeters Dimensions In Inches
T Min. Max. Min. Max.
A 1.050 1.250 0.041 0.049
Al 0.000 0.100 0.000 0.004
A2 1.050 1.151 0.041 0.045
b 0.300 0.500 0.012 0.020
i 0.100 0.200 0.004 0.008
D 2.820 3.020 0.111 0.119
E1 1.500 1.700 0.059 0.067
E 2.650 2.950 0.104 0.116
= 0.950(BSC) 0.037(BSC)
el 1.800 2.000 0.071 0.079
L 0.300 0.600 0.012 0.024
6 0° 8° 0° 8°
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® The information described herein is subject to change without notice.

® CHIPLINK Technology is not responsible for any problems caused by circuits or diagrams described herein
whose related industrial properties, patents, or other rights belong to third parties. The application circuit
examples explain typical applications of the products, and do not guarantee the success of any specific
mass-production design.

® \When the products described herein are regulated products subject to the Wassenaar Arrangement or other
agreements, they may not be exported without authorization from the appropriate governmental authority.

® Use of the information described herein for other purposes and/or reproduction or copying without the express
permission of CHIPLINK Technology is strictly prohibited.

® The products described herein cannot be used as part of any device or equipment affecting the human body,
such as exercise equipment, medical equipment, security systems, gas equipment, or any apparatus installed
in airplanes and other vehicles, without prior written permission of CHIPLINK Technology.

® Although CHIPLINK Technology exerts the greatest possible effort to ensure high quality and reliability, the
failure or malfunction of semiconductor products may occur. The user of these products should therefore give
thorough consideration to safety design, including redundancy, fire-prevention measures, and malfunction
prevention, to prevent any accidents, fires, or community damage that may ensue.
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