m A6983

Datasheet

Automotive-grade 38 V, 3 A synchronous step-down converter with 25 yA
quiescent current

Features

. AEC-Q100 qualified “

. Operating temperature range: -40 °C to +150 °C for T;

. 3.5V to 38 V operating input voltage
. Load dump tolerant up to 40 V

QFN16 (3 x 3 mm) . Output voltage from 0.85 V to V|y
. 3.3V and 5V fixed output voltage versions
. 3 A DC output current
. 25 pA operating quiescent current
. Internal compensation network

. Two different versions: LCM for high efficiency at light-loads and LNM for
noise-sensitive applications

. 2 WA shutdown current

. Internal soft-start

A6983 . High voltage V|y compatible enable

. Output overvoltage protection
. Output voltage sequencing
. Thermal protection
. 200 kHz to 2.3 MHz programmable switching frequency
. Optimized for low EMI requirements:

- Selected package minimizes switch node ringing
- Parallel input path minimizes parasitic inductance
- Spread spectrum reduces peak emissions

. Power Good

. Synchronization to external clock for LNM devices

. QFN16 (3 x 3 mm) package

Applications

. Designed for automotive systems

. Battery-powered applications

. Car body applications (LCM)

. Car audio and low noise applications (LNM)

. Smart ambient lighting system supply
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m A6983

Description

The A6983 is an easy-to-use synchronous monolithic step-down regulator capable of delivering up to 3 A DC to
the load. The wide input voltage range makes the device suitable for a broad range of applications. The AG6983 is
based on peak current mode architecture and is packaged in a QFN16 (3 x 3 mm) with internal compensation
thus minimizing design complexity and size. The “Low Consumption Mode” (LCM) is designed for applications
active during car parking, so it maximizes the efficiency at the light-load with the controlled output voltage ripple.
The “Low Noise Mode” (LNM) makes the switching frequency constant and minimizes the output voltage ripple
overload current range, which meets the low noise application specification, such as for car audio. The A6983
allows the switching frequency to be selected in the 200 kHz to 2.3 MHz range with optional spread spectrum for
improved EMC.

The EN pin provides enable/disable functionality. The typical shutdown current is 2 yA when disabled. As soon as
the EN pin is pulled-up, the device is enabled, and the internal 1.3 ms soft-start takes place. The A6983 features
a Power Good open collector that monitors the FB voltage. Pulse by pulse current sensing on both power
elements implements an effective constant current protection, and thermal shutdown prevents thermal run-away.
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Diagram

1 Diagram

Figure 1. Block diagram
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Note: (*) External synchronization (available for low noise mode only).
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2 Pin configuration

Figure 2. Pin connection QFN16 package (top view)
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Note: (*) External synchronization (available for low noise mode only).

Table 1. Pin description

1 VIN DC input voltage.

2 VINLDO DC input voltage is connected to the supply rail by a simple RC filter.

3 AGND Analog ground.
Enable pin with internal voltage divider. Pull down/up to disable/enable the device.

4 EN / CLKIN
In LNM versions, this pin is also use to provide an external clock signal, which synchronizes the device.
The PGOOD open collector output is driven to low impedance when the output voltage is out of

5 PGOOD - :
regulation and released once the output voltage becomes valid.

6 VBIAS Typically connected to the regulated output voltage, an external voltage source can be used to supply
part of the analog circuitry to reduce current consumption at light-load. Connect to AGND if not used.
This pin operates as VOUT or FB according to the selected part number. In fixed output voltage versions,

7 VOUT/FB VOUT is the output voltage sensing with the selected internal voltage divider.
In adjustable versions, FB is output voltage sensing with the external voltage divider.

8 FSW Connect an external resistor to program the oscillator frequency and enable optional dithering.

9 VCC This pin supplies the embedded analog circuitry. Connect a ceramic capacitor (= 1 yF) to filter the internal
voltage reference.

10 AGND Analog ground.

1 BOOT Connect an external capacitor (100 nF typ.) between the BOOT and SW pins. The gate charge required
to drive the internal nMOS is refreshed during the low-side switch conduction time.

12 VIN DC input voltage.

13 PGND Power ground.
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Pin configuration

14 SW Switching node.
15 SW Switching node.
16 PGND Power ground.

- Exposed PAD Exposed pad must be connected to AGND, PGND.
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Typical application circuit

Lys

3 Typical application circuit

Figure 3. Basic application (adjustable version)
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Figure 4. Basic application (fixed Voyr version)
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Table 2. Typical application components

CiN 10 uF Input capacitor
RriLT 0.1 kQ VINLDO filter resistor
CiN FILT 1uF VIN filter capacitor
CeLLT 1 uF VINLDO filter capacitor
Cvece 1uF VCC bypass capacitor
CgooTt 100 nF Bootstrap capacitor
Cout 40 pF Output capacitor
RFBH 400 kQ VOUT divider upper resistor (only for adjustable version)
ResL 82 kQ VOUT divider lower resistor (only for adjustable version)
L 15 pH (Fsw = 0.4 MHz) Output inductor
Rpcoob 1MQ PGOOD resistor
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4 Maximum ratings

4.1 Absolute maximum ratings

Stressing the device above the ratings listed in Table 3 may cause permanent damage to the device. These are
stress ratings only and operation of the device at these or any other conditions above those indicated in the
operating sections of this specification is not implied. Exposure to absolute maximum rating conditions may affect
device reliability.

Table 3. Absolute maximum ratings

Maximum pin voltage -0.3 Vv
AGND Maximum pin voltage 0 0 Vv
PGND Maximum pin voltage -0.3 0.3 \%
BOOT Maximum pin voltage SW-0.3 SW +4 Vv
VCC Maximum pin voltage -0.3 Min. (VIN +0.3; 4) Vv
VOUT/FB Maximum pin voltage -0.3 8 \%
FSW Maximum pin voltage -0.3 VCC +0.3 \%
VBIAS Maximum pin voltage -0.3 VIN +0.3 \%
EN Maximum pin voltage -0.3 VIN +0.3 \%
PGOOD Maximum pin voltage -0.3 VIN +0.3 \%
-0.85 VIN +0.3 \Y

SW Maximum pin voltage
-3.8 for 0.5 ns (") \Y
TJ Operating temperature range -40 150 °C
TSTG Storage temperature range -65 150 °C
TLEAD Lead temperature (soldering 10 sec.) 260 °C
IHS, ILS High-side/low-side RMS switch 3 A

current

1. Negative peak voltage during switching activities caused by parasitic layout elements.
4.2 ESD protection

Table 4. ESD performance

HBM 2 kV

ESD ESD protection voltage CDM (corner pins) 750
CDM 500

4.3 Thermal characteristics

Table 5. Thermal data

Thermal resistance junction ambient (device soldered on the
Rin_Ja STMicroelectronics® demonstration board, refer to QFN-16 WF 40 °C/w
Section 11: Application board )
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5 Electrical characteristics

Ty =-401to +150 °C, V|y = 12 V unless otherwise specified.

Table 6. Electrical characteristics

ViN Operating input voltage range \
VINH V¢ rising threshold 2.3 3.3 \
VINL Ve uvLo falling threshold 2.15 3.15 \%

Duty cycle <40% 4.1 4.6 A
lpk Peak current limit Duty cycle = 99%
3.1 3.6 A
Closed loop operation
lyy (1 Valley current limit 3.3 3.9 4.6 A
Iskip (1 @ Skip current limit 0.6 A
lvy_sink Reverse current limit LNM or VOUT overvoltage 1.25 1.5 1.75 A
RDSON_HS High-side RDSON 0.130 0.26 Q
Rpson_Ls Low-side RDSON 0.085 0.18 Q
ToFF_MIN Minimum off time 200 ns
Ton_miN Minimum on time 75 100 ns
Enable
Rising 0.7 \%
VWAKE_upP Wake-up threshold
Falling 0.2 \%
Rising 1.08 1.2 1.32 \
VEN Enable threshold
Hysteresis 0.2 Vv
VCC regulator
Vece LDO output voltage 3.0 3.3 3.6 \Y
Power consumption
IsHTDWN Shutdown current from VN VEN = GND 2 3 MA
LCM device
Quiescent current from Viy VBIAS = GND 20 35 70 KA
la_vIN Section 7.4.5
ection 7.4. VBIAS =5V 1 35 6 HA
lq_vBias Quiescent current from VBIAS VBIAS =5V 20 35 70 WA
LNM device
VBIAS = GND 1.6 23 3 mA
lo_viN Quiescent current from V|y
B VBIAS =5V 300 550 800 pA
lo_vBias Quiescent current from VBIAS VBIAS =5V 1.3 1.8 2.3 PA
Soft-start
Tss Internal soft-start 1 1.3 1.6 ms
Error amplifier
Adjustable version
VEB Voltage feedback 0.845 0.85 0.855 \

T;=25°C
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Electrical characteristics

Adjustable version
-40°C<Ty<+150 °C

0.837 0.85 0.859 \

Fixed 3.3 V version
T;=25°C

3.27 3.3 3.33 \

Fixed 3.3 V version
VEB Voltage feedback 3.254 3.3 3.346 \%
-40°C<Ty<+150°C

Fixed 5.0 V version

4.955 5.0 5.045 \
Ty=25°C
Fixed 5.0 V version
4.93 5 5.07 \Y
-40°C<Ty<+150°C
Overvoltage protection
Vovp Overvoltage trip (Vovp/VREF) 115 120 125 %
Vovp_HYsT Overvoltage hysteresis 1 2 6 %
Synchronization (LNM versions only)
fokin @ Synchronization range 200 2200 kHz
Amplitude of synchronization
()]
VCLKIN_TH clock 23 \
Synchronization pulse ON and
OFF time 2.3 < VCLKIN_TH <25 VCLKIN_TH =23V 60 ns
Verkin_t @ v

Synchronization pulse ON and 20

OFF time VoLkin_ TH > 2.5V ns
Power Good
Adjustable output version

87 90 93 %

-40°C < T, <+150 °C

Fixed 3.3 output version
VTHR PGOOD threshold 87 90 93 %
-40°C<Ty;<+150°C

Fixed 5.0 output version

87 90 93 %
-40°C<Ty<+150 °C
. PGOOD hysteresis
VTHR HysT ¥ _ 3 %
(QFN version only)

VIN > VINH and
VFB < VTH 0.4 \Y
VpGoop PGOOD open collector output 4 mA sinking load
2 <VIN < VINH
0.8 \Y
4 mA sinking load
TsHown & Thermal shutdown temperature 165 °C
Thys © Thermal shutdown hysteresis 30 °c
1. Parameter tested in a static condition during the testing phase. The parameter value may change over a dynamic application condition.
2. LCM version.
3. LNM version.
4. Specifications in the -40 to +150 °C temperature range are assured by characterization and statistical correlation.
5. Not tested in production.
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5.1 Frequency selection table
All the populations are tested at T; = -40 to +150 °C, V|y = 12 V unless otherwise specified.

Table 7. FSW selection

1.8 N.C. 200 kHz

0 N.C. 400 kHz
3.3 N.C. 500 kHz
5.6 N.C. 700 kHz

Dithering

10 N.C. 1000 kHz

18 N.C. 1500 kHz
33 N.C. 2000 kHz
56 N.C. 2300 kHz

FSW
N.C. 1.8 200 kHz
N.C. 0 360 400 440 kHz
N.C. 3.3 500 kHz
N.C. 5.6 630 700 770 kHz
No dithering

N.C. 10 1000 kHz
N.C. 18 1500 kHz
N.C. 33 1800 2000 2300 kHz
N.C. 56 2000 2300 2600 kHz
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6 Datasheet parameters over the temperature range

100% of the population in the production flow is tested at three different ambient temperatures (-40 °C, +25 °C,
and +150 °C) to guarantee the datasheet parameters inside the junction temperature range (-40 °C to +150 °C).
The device operation is guaranteed when the junction temperature is inside the (-40 °C to +150 °C) temperature
range. The designer can estimate the silicon temperature increase with respect to the ambient temperature,
evaluating the internal power losses generated during the device's operation. However, the embedded thermal
protection disables the switching activity to protect the device in case the junction temperature reaches the
TsHTDWN (+165 °C typ.) temperature. All the datasheet parameters can be guaranteed to a maximum junction
temperature of +150 °C to avoid triggering the thermal shutdown protection during the testing phase because of
self-heating.
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7 Functional description

The A6983 device is based on a “peak current mode" architecture with constant frequency control. Therefore, the
intersection between the error amplifier output and the sensed inductor current generates the PWM control signal
to drive the power switch.

According to the selected part number, the device can feature LNM (low noise mode) or LCM (low consumption
mode).

LNM forces the regulator to work in forced PWM mode to reduce noise. LCM prevents the inductor current to go
below zero and allows the regulator to skip pulses to increase the efficiency at light-load.

The main internal blocks shown in Figure 1 and Figure 2 are:

. Embedded power elements.

. A fully integrated adjustable oscillator, which is able to set eight different switching frequencies from 200 to
2300 kHz.

. The ramp for the slope compensation avoiding subharmonic instability.

. A transconductance error amplifier with integrated compensation network.

. The high-side current sense amplifier to sense the inductor current.

. A“Pulse Width Modulator” (PWM) comparator and the driving circuitry of the embedded power elements.

. The soft-start block, which ramps up the reference voltage on the error amplifier thus decreasing the inrush
current at power-up. The EN pin inhibits the device when driven low.

. The EN/CLK pin section, which, for LNM versions, allows the synchronization of the device to an external
clock generator.

. The pulse by pulse high-side/low-side switch current sensing to implement the constant current protection.

. A circuit to implement the thermal protection function.

. The OVP circuitry to discharge the output capacitor in case of an overvoltage event.

. The switchover capability of the internal regulator to supply a portion of the quiescent current when the
VBIAS pin is connected to an external output voltage.

. An enable/disable dithering operation.

7.1 Enable

The EN pin is a digital input that turns the device on or off.

In order to maximize both the EN threshold accuracy and the current consumption, the device implements two
different thresholds:

1. The wake-up threshold, VWAKE_UP = 0.5V (see Table 6)
2. The start-up threshold, Vgy = 1.2 V (see Table 6)
The following picture shows the device behavior:

Figure 5. Power-up/down behavior
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When the voltage applied on the EN pin rises over V\yakeupr, RisING, the device powers up the internal circuit thus
increasing the current consumption.

As soon as the voltage rises over the VEn RisING, the device starts the switching activities as described in
Section 7.2

Once the voltage becomes lower than Ven, FaLLING. the device interrupts the switching activities.

As soon as the voltage becomes lower than V\yakeur FaLLING, the device powers down the internal circuit
reducing the current consumption.

The pin is V|y compatible.
Refer to Table 6 for the reported thresholds.

7.2 Soft-start

The soft-start (SS) limits the inrush current surge and makes the output voltage increase monotonically.

The device implements the soft-start phase ramping the internal reference in very small steps. Once the SS ends,
the error amplifier reference is switched to the internal value of 0.85 V, which comes directly from the bandgap
cell.

Figure 6. Soft-start procedure
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During normal operation, a new soft-start cycle takes place in the case of a:
1. Thermal shutdown event

2. UVLO event

3. EN pin rising over the Vgy threshold. Refer to Table 6
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Figure 7. Soft-start phase with loyt =2.0 A
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7.3 Undervoltage lockout

The device implements the undervoltage lockout (UVLO) by continuously sensing the voltage on the V¢ pin.
Thus, if the UVLO lasts more than 10 ps, the internal logic resets the device by turning off both LS and HS.

After the reset, if the EN pin is still high, the device repeats the soft-start procedure.

7.4 Light-load operation
The A6983 implements two different light-load strategies:
1. Low consumption mode (LCM)
2. Low noise mode (LNM)
Please refer to Table 12 to select the part number with the preferred light-load strategy.

7.41 Low consumption mode (LCM)
The LCM maximizes the efficiency at light-load.

When the switch peak current request is lower than the Igkp threshold (see Table 6), the device regulates Voyt
by the skip threshold. The minimum voltage is given by:

Rpy + Rpy,

Vour, .em = Vg, 1em™ — -

Where Vg Lcm is 1.8% (typ.) higher than VEg.

The device interrupts the switching activities when two conditions happen together:
1. The peak inductor current required is lower than Igkp

2. The voltage on the FB pin is higher than VFB, LCM
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Figure 8. Light-load operation
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A new switching cycle takes place once the voltage on the FB pin becomes lower than Veg | cm. The HS switch is
kept on until the inductor current reaches Igkp.

Once the current on the HS reaches the defined value, the device turns the HS off and turns the LS on. The LS is
kept enabled until one of the following conditions occurs:

1. The inductor current sensed by the LS becomes equal to zero

2. The switching period ends

If, at the end of the switching cycle, the voltage on the FB pin rises over the Vg | cim threshold, the LS is kept
enabled until the inductor current becomes equal to zero. Otherwise, the device turns on the HS again and starts
a new switching pulse.

During the burst pulse, if the energy transferred to Coyt increases the VFB level over the threshold defined in Eq.

(1), the device interrupts the switching activities. The new cycle takes place only when VFB becomes lower than
the defined threshold. Otherwise, as soon as the LS is turned off, the HS is turned on.

Given the energy stored in the inductor during a burst, the voltage ripple depends on the capacitor value:

TBURST
AQu _ Jo 1(t) dt
Cour Cour

(2)

Vour rRippLE =

Figure 9. LCM operation with ISKIP = 600 mA typ. at zero load. L = 15 yH; COUT = 40 pF
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Figure 10. LCM operation over loading condition (part 1-pulse skipping)
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Figure 11. LCM operation over 15 mA load condition (part 2-pulse skipping)
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Figure 12. LCM operation over 100 mA load condition (part 3-pulse skipping)
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Figure 13. LCM operation over 300 mA load condition (part 4-CCM)
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7.4.2 Low noise mode (LNM)

The LNM implements a forced PWM operation over the different loading conditions. The LNM features a constant
switching frequency to minimize the noise in the final application and a constant voltage ripple at fixed V|y.

The regulator in steady loading conditions, operates in continuous conduction mode (CCM) in the different loading
conditions.

The triangular-shaped current ripple (with zero average value) flowing into the output capacitor gives the output
voltage ripple, that depends on the capacitor value and the equivalent resistive component (ESR). Consequently,
the output capacitor has to be selected in order to have a voltage ripple compliant with the application
requirements.
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Usually, the resistive component of the ripple can be neglected if the selected output capacitor is a multilayer
ceramic capacitor (MLCC).

Figure 14. Low noise mode operation at zero load
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743 Efficiency for low consumption mode and low noise mode part number

Figure 15 and Figure 16 report the efficiency measurements to highlight the gap at the light-load between LNM
and LCM part numbers. The graph also reports exactly the same efficiency at the medium/high-load.

Figure 15. Light-load efficiency for low consumption mode and low noise mode - linear scale. VIN = 12 V;
VOUT =5V; FSW = 400 kHz
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Figure 16. Light-load efficiency for low consumption mode and low noise mode - log scale. VIN =12 V;
VOUT =5 V; FSW = 400 kHz
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7.4.4 Load regulation for low consumption mode and low noise mode part number

Figure 17 and Figure 18 show the load regulation and highlight the gap between them. The gap is caused by the
different regulation strategies used at the light-load between LNM and LCM part numbers. When the required
louT is higher than the threshold defined in Section 7.4.1 the behavior of the different part number is exactly the

same.

Figure 17. Load regulation for LCM and LNM. VIN =12 V; VOUT = 5 V; FSW = 400 kHz - linear scale
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Figure 18. Load regulation for LCM and LNM. VIN =12 V; VOUT =5 V; FSW = 400 kHz - log scale
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7.4.5 Switch-over feature
The switch-over maximizes the efficiency at the light-load that is crucial for low consumption applications.

Figure 19. Switch-over
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In order to minimize the regulator quiescent current sink from the input voltage, the Vgag pin can be connected to
an external voltage source in the range of 3.0 V < Vgjas < V|n. The external power supply connected to the Vgjas
pin must be disabled when the voltage on the EN pin is lower than Vyake_up-

In the case that the Vg|as pin is connected to the regulated output voltage (Voyr), the total current drawn from the
input voltage is given by the following equation:

1 Vs
Nae983 Vin

lovin = Igopvin + “IgopvBias 4)

7.4.6 Spread spectrum
The spread spectrum, helpful in improving EMC performance, is selectable by connecting the RFSW resistor to

V¢ (refer to Table 7).
The internal dithering circuit changes the switching frequency in a range of +5%.

AFSWZS%'FSW (5)

The device updates the frequency every clock period by fixed steps:
. Ramps up in 63 steps from minimum to maximum FSW
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. Ramps down in 63 steps from maximum to minimum FSW
The modulation shape is almost triangular with a frequency of:

F
FDL'thering = 1;2 (6)

Figure 20. Spread spectrum switching frequency time trend (FSW = 400 [kHz])
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Figure 21. Spread spectrum switching frequency time trend (FSW = 2.300 [MHz])
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7.4.7 Overvoltage protection

The overvoltage is a second level protection, and it should never be triggered in normal operating conditions if the
system is properly dimensioned. In other words, the selection of the external power components and the dynamic
performance determined by the compensation network should guarantee an output voltage regulation within the
overvoltage threshold even during a worst-case scenario in terms of load transitions. The protection is reliable
and able to operate even during normal load transitions for a system whose dynamic performance is not in line
with the load dynamic request. Consequently, the output voltage regulation would be affected.
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7.4.7.1 Low consumption mode part number

The overvoltage protection continuously compares the FB pin with 120% nominal output voltage and enables the
low-side MOSFET at the beginning of the switching cycle, keeping it active until the 1.5 A typ. negative current
limitation is reached, in order to discharge the output capacitor.

The following graph shows the LCM part number behavior during an OVP event.

Figure 22. Overvoltage protection behavior LCM part numbers
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As soon as the output voltage goes out of the OVP hysteresis (typ. 2%) the A6983 device sets the switching node
on high impedance. It restarts the switching activity accordingly with the main loop regulation of the peak current
mode architecture.

7.4.7.2 Low noise mode part number
The following graph shows the LNM part number behavior during an OVP event.

Figure 23. Overvoltage protection behavior LNM part number
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The LNM device regulates the output voltage with a valley sinking capability down to the negative current
limitation (lyy_sink) in Figure 23.
This hysteretic operating mode between peak current mode threshold (ISKIP_LNM) and modulated low-side

switch conduction time for VOUT regulation persists until the valley current level triggers the negative current
limitation (lyy_sink), that is the maximum sinking capability of the device (highlighted in green in Figure 23).

If the source injection further increases, the output voltage is a partitioning between the source impedance and
maximum sinking capability described above (highlighted in blue in Figure 23).

7.4.8 Overcurrent protection

The current protection circuitry features a constant current protection, so the device limits the maximum peak
current (refer to Table 6) in an overcurrent condition.

The A6983 device implements a pulse by pulse current sensing on both power elements (high-side and low-side
switches) for effective current protection over the duty cycle range. The high-side current sensing is called “peak”
and the low-side current sensing “valley.”

The internal noise generated during the switching activity makes the current sensing circuitry ineffective for a
minimum conduction time of the power element. This time is called “masking time” because the information from
the analog circuitry is masked by the logic to prevent an erroneous detection of the overcurrent event. Therefore,
the peak current protection is disabled for a masking time after the high-side switch is turned on. The masking
time for the valley sensing is activated after the low-side switch is turned on. In other words, the peak current
protection can be ineffective at extremely low duty cycles, and the valley current protection at extremely high duty
cycles.

The A6983 device assures an effective overcurrent protection sensing the current flowing in both power elements.
In case one of the two current sensing circuitry is ineffective because of the masking time, the device is protected
sensing the current on the opposite switch. Thus, the combination of the “peak” and “valley” current limits assure
the effectiveness of the overcurrent protection even in extreme duty cycle conditions.

In case the current diverges because of the high-side masking time, the low-side power element is turned on until
the switch current level drops below the valley current sense threshold. The low-side operation is able to prevent
the high-side turn on, so the device can skip pulses decreasing the switching frequency.

Figure 24. Overcurrent protection behavior
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IPK(Duty) «. N N N N N
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-— — t

Masking time turn on LS
In a worst case scenario, reported in Figure 24, the switch current is limited to:

Vin =V,
Iyax = lyy + w *Tymaskus (7)
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Where IVY is the current threshold of the valley sensing circuitry (refer to Table 6) and TyaskHs is the masking
time of the high-side switch (75 ns typ.).

In most of the overcurrent conditions, the conduction time of the high-side switch is higher than the masking time
and so the peak current protection limits the switch current.

Inax = Ipx (8)
The DC current flowing in the load in overcurrent condition is:

IpippL(Vour) Vin — Vour
Ipcovr =Imax— =5 =lmax—\— 5. Ton 9)

Figure 25 shows the A6983 soft-start procedure with Voyt shorted to GND.

Figure 25. Soft-start procedure with Voyt shorted to GND
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Figure 26 shows the A6983 overcurrent protection with a persistent short-circuit between Voytand GND.
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Figure 26. Overcurrent procedure with persistent short circuit between Voyt and GND
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7.4.9 Thermal shutdown

The shutdown block disables the switching activity if the junction temperature is higher than a fixed internal
threshold (Tsypwn refer to Table 6).

The thermal sensing element is close to the power elements, assuring fast and accurate temperature detection. A
hysteresis of approximately 30 °C prevents the device from turning ON and OFF too fast. After a thermal
protection event expires, the A6983 restarts with a new soft-start.

7.4.10 Power Good

The PGOOD pin indicates whether the output voltage is within its regulation level. PG goes in a high-impedance
state during normal operations. The pin output is an open drain MOSFET. The PG is pulled low when:

. The FB pin voltage is lower than 90% (typ.) of the nominal internal reference for more than 10 ps.

. The FB pin voltage is higher than 120% (typ.) of the nominal internal reference for more than 10 us (see
Section 7.4.7).

. During the soft-start procedure also with pre-charged Voyr.

. If a thermal shutdown event occurs.

. If a UVLO event occurs.

The PG pin is V|y compatible.
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Figure 27. PGOOD thresholds
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8 Closing the loop

The following picture shows the typical compensation network required to stabilize the system.

Figure 28. Block diagram of the loop
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8.1 GCO(s) control to output transfer function
The accurate control to output transfer function for a buck peak current mode converter can be written as follows:
1+
1 ( wz)
Geo(s) = Rpoap - 9cs- TPy : - Fy(s) (10)
14 20D TSW (1 (1 - D)~ 05] (1+5)

Where R oap represents the load resistance, the ggs equivalent sensing transconductance of the current sense
circuitry, wp the single pole introduced by the power stage, and the wz zero given by the ESR of the output
capacitor. F4(s) considers the sampling effect performed by the PWM comparator on the output of the error
amplifier that introduces a double pole at one half of the switching frequency.

“z= m (1)
“r= RLOADl' Cour mCL-'(gOZTD')f;M?.S (12
Where:
me=1+ i—:
Se = IsLope " fsw (13)
s, = Vin _LVOUT

Where Ig opg is equal to 1 A.

Sy, represents the on-time slope of the sensed inductor current, and S¢ the on-time slope of the external ramp that
implements the slope compensation to avoid sub-harmonic oscillations at duty cycle over 50%.

The sampling effect contribution F (s) is:

Fu(s) = 3 (14)
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Where:

_ 1
" m[me-(1-D)—0.5]

Qr (15)
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8.2 Error amplifier compensation network
The following figure shows the typical compensation network required to stabilize the system.

Figure 29. Transconductance embedded error amplifier
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R¢c and C¢ introduce a pole and a zero in the open loop gain. The transfer function of the error amplifier and its
compensation network is:

Ayo‘(l‘l'S'Rc‘Cc)
SZ'Ro'Co'R(;'C(;‘i'S'(Ro'CC‘+R0'C0+Rc'Cc)+1

Ao(s) = (16)

Where:

Ayo = G " Ro (17)

The poles of this transfer function are (if C¢ >> Cp):

1

fPLF=m (18)

1

frur = TRy Cp (19)

Whereas the zero is defined as:
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_ 1
f2= 77 /e (20)

8.3 Voltage divider

The contribution of a simple voltage divider is:

R
Gpy(s) = RlTZRZ (21)

A small signal capacitor in parallel to the upper resistor (only for the adjustable part number) of the voltage divider
implements a leading network (fzero < fpoLE), sometimes necessary to improve the system phase margin:

Figure 30. Leading network example

A6983
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The Laplace transformer of the leading network:
R 14+s-Ri-C
GDIV(S) = Ry +2R2 ) ( R1 '1}-"2 Rl) (22)
(145 757 Cm)
Where:
fr=5—t (23)
z 2 1 Rl ' CRl
1
fP = R1-R (24)
2-m: R11+R22 “Cr1
fz<fp (25)
So, closing the loop, the loop gain is:
G(s) = Gpy(s) - Geo(s) - Ao(s) (26)
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9.1 Programmable power-up threshold

The enable rising threshold is equal to 1.2 V typical (refer to Table 6).The power-up threshold is adjusted
according to the following equation

R
Vpower up = 1.2V - (1 + ﬁ) (27)

Figure 31. Leading network example
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The enable falling threshold is equal to 1.0 V typical (refer to Table 6).The turn-off threshold is obtained according
to the following equation:

R
Vpower yp = 1.0V - (1 + ﬁ) (28)
9.2 External synchronization (available for low noise mode only)

The device allows a direct connection between a clock source and the EN/CLKIN pin.

Figure 32. External synchronization direct connection
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The device internally implements a low-pass filter connected to the EN/CLKIN pin that is able to acquire the
average value of the applied signal.

The device turns on when the average of the signal applied is higher than VEN rising (refer to Table 6). The
device turns off when the average of the signal is lower than VEN falling (refer to Table 6).

Considering, for example, a clock source with Vpp = 5.0 V, the minimum duty cycle to guarantee the power-up is
given by:
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1% .
Dutymin = M =024 (29)
PP
The maximum duty cycle to guarantee the turn-off is given by:
VEN, Falling
DutyMAX, = V— =0.2 (30)
PP

The device also allows AC coupling.

Figure 33. External synchronization AC coupling
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The AC-coupling allows the device to keep the power-up and down thresholds defined by the partition connected
to the EN/CLKIN pin and described in Section 9.1.

The following table summarizes the minimum pulse duration for the external signal and maximum duty cycle that
allows the synchronization by keeping the selected power-up and down thresholds.

Table 8. External synchronization AC coupling suggested operation range

Vpp [V] TON, MIN, EXT ¢jock [ns] DMAX, EXT cjock [%]

23 60 45
3.3 20 30
5 20 20

The minimum amplitude for the external clock signal is, for both the configurations, equal to 2.3 V.

The network given by Cgn and Repn sets a high-pass filter. Considering a resistor in the order of 220 kQ, a
capacitor equal to 1 nF is a correct choice.

9.3 Output voltage adjustment

The error amplifier reference voltage is 0.85 V typical (refer to Table 6). The output voltage is adjustable as per
the following equation:

R
Voyr = 0.85V - (1 + R—;) (31)

A CR1 capacitor is sometimes useful to increase the small signal phase margin (refer to Section 8).
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Figure 34. Application circuit
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94 Switching frequency

A resistor connected to the FSW pin features the selection of the switching frequency (refer to Table 7).

Connecting the resistor between the pins FSW and V¢, the internal dithering circuit is turned on (refer to
Section 7.4.6).

DS14234 - Rev 3 page 33/59



‘_ A6983
'l Design of the power components

10 Design of the power components

10.1 Input capacitor selection

The input capacitor voltage rating must be higher than the maximum input operating voltage of the application.
During the switching activity a pulsed current flows into the input capacitor and so its RMS current capability must
be selected according to the application conditions. Internal losses of the input filter depend on the ESR value, so
usually low ESR capacitors (such as multilayer ceramic capacitors) have higher RMS current capability. On the
other hand, given the RMS current value, a lower ESR input filter has lower losses and so it contributes to higher
conversion efficiency.

The maximum RMS input current, flowing through the capacitor, can be calculated as follows:

D\ D
Tews = Tour - (1 - —) .D 32
rms = lour 7) (32)

Where loyT is the maximum DC output current, D is the duty cycles, n is the efficiency. This function has a
maximum at D = 0.5 and, considering n = 1, it is equal to IoyT/2. In a specific application, the range of possible
duty cycles has to be considered in order to find out the maximum RMS input current. The maximum and
minimum duty cycles can be calculated as:

Doy = Vour + AViowsipe (33)
Vinmin + AViowsipe — AVHicusipe
Vour + AViowsipg
Din = (34)

Vinmax + AViowsipe — AVhicusipe

Where AVycHsipe and AV owsipe are the voltage drops across the embedded switches. The peak-to-peak
voltage across the input filter can be calculated as the equation below:

I
Vpp=i-(1—%)-%+E5R-(10UT+ ALy (35)

In the case of a negligible ESR (MLCC capacitor), the equation of Cy as a function of the target Vpp can be
written as follows:

lour ( D) D
Cy=--2Ur .(1-D).D 36
IN= Vpp- Fsw n) n (36)

Considering n = 1 this function has its maximum in D = 0.5:

_ Loyt
Cinmin = 30~ Fom (37)

Typically, C)y is dimensioned to keep the maximum peak-peak voltage across the input filter in the order of 5%
VINMAX:-

To minimize the spike on the V)y pins given by the stray inductance and the pulsed input current, it is necessary to
add, for each one, a filter capacitor. A 1uF capacitor with a 0603 footprint is a good choice.

In the following table, some suitable capacitor part numbers are listed.
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Table 9. Capacitor part numbers

CGAS5L1X7R1H106K160AE 1206
CGA5L1X7R1H106K160AC 1206 10 50
Murata GRT31CD71H106KE13 1206 10 50

10.2 Inductor selection

The inductor current ripple flowing into the output capacitor determines the output voltage ripple. Usually, the
inductor value is selected in order to keep the current ripple lower than 20% to 40% of the output current over the
input voltage range. The inductance value can be calculated by the following equation:

Vin—=V 14
Ar =00 I oL - Toy = —(ZUT “Torr (38)

Where Ton and Togg are the on and off times of the internal power switch. The maximum current ripple, at fixed
Vour, is obtained at maximum Togf that is at minimum duty cycle. So fixing Al = 20% to 40% of the maximum
output current, the minimum inductance value can be calculated:

— VOUT . 1 _Dmin
Lmin - AILMAX FSW (39)

For those applications requiring higher inductor value for minimized current ripple, pay attention to the maximum
value to prevent sub-harmonic instability given the design of the internal slope compensation. As a consequence
the inductor value must satisfy the quality factor range:

0.4 <Qp<133 (40)

Where QP has been defined in Section 8.1. The peak current through the inductor is given by:

Al
I, pk = loyr + T (41)

So, if the inductor value decreases, the peak current (that has to be lower than the current limit of the device)
increases. The higher the inductor value, the higher the average output current that can be delivered, without
reaching the current limit.

10.3 Output capacitor selection

The triangular shape current ripple (with a zero average value) flowing into the output capacitor, gives the output
voltage ripple, that depends on the capacitor value and the equivalent resistive component (ESR). Therefore, the
output capacitor has to be selected in order to have a voltage ripple compliant with the application requirements.

The voltage ripple equation can be calculated as:

Al
L, MAX (42)

AVour = ESR- Al max + go¢, "oy

For a ceramic (MLCC) capacitor, the capacitive component of the ripple dominates the resistive one. While for an
electrolytic capacitor, the opposite is true. Neglecting the ESR contribution, the minimum value of the output
capacitor is given by the following equation:

Al max

Cout, min, RIPPLE = =RV yym Foyy (43)
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As the compensation network is internal, the output capacitor should be selected in order to have a proper phase
margin and then a stable control loop. A good rule to obtain a proper dimensioning for the minimum amount of the
output capacitor is to set the target system bandwidth equal to Fgy/8. The following equation takes into account

the precedent consideration:

8.04
Cour,BW,min = Fapy———— (44)
=5 Vour

The maximum amount of the output capacitor is given by:

C10-3
0.960-10 (45)

Cour, Bw, Max = Vour

10.4 Layout consideration

The PC board layout of a switching DC-DC regulator is very important in order to minimize the noise injected in
high impedance nodes, to reduce interferences generated by the high switching current loops, and to optimize the
reliability of the device. In order to avoid EMC problems, the high switching current loops must be as short as
possible.

In the buck converter there are two high switching current loops: during the ON time, the pulsed current flows
through the input capacitor, the high-side power switch, the inductor, and the output capacitor; during the OFF
time, through the low-side power switch, the inductor, and the output capacitor.

The input capacitor connected to V|y¢ and V|n2 must be placed as close as possible to the device, to avoid spikes
due to the stray inductance and the pulsed input current.

The feedback pin (FB) connection to the external resistor divider is a high impedance node, so the interferences
can be minimized through the routing of the feedback node with a very short trace and as far as possible from the
high current paths.

Due to the exposed pad of the device, the ground plane helps to reduce the thermal resistance junction to
ambient; so a large ground plane, soldered to the exposed pad, enhances the thermal performance of the
converter allowing high power conversion.

Figure 35.
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11 Application board

The figure below shows the reference evaluation board schematic:

Figure 36. Application circuit
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The additional input filter (C14, L3, C13, L2, C12, and C15) limits the conducted emission on the power supply.
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Table 10. Bill of materials

I TN T

C1,C3, C4,C12,C13,C14

C2A, C2B, C16
c5
cé
C7, C11
c8, C9, C17
c8
c15
L1A
L1B
L2
L3
R1
R2, R6, R9, R11
R3
R4
R5, R8, R12
R7
R13
U1

CGA5L1X7R1H106K160AC 10 pF 50 V
CGA4J3X7R1H105K125AB 1uF 50V TDK
CGABP3X7R1E226M250AE 22 yF 50 vV TDK
CGA3E2X7R1H104K080AA 0.1 yF 50 V TDK
CGA3E1X7R1C105K080AC 1uF 16V TDK
n.m.
CGA3E2C0G1H4R7C080AA 4.7 pF 50 V TDK
EEHZA1H101P 100 pF 50 V Panasonic
XAL6060-153MEC 15 uH Coilcraft
n.m.
XAL4030-682ME 6.8 uH Coilcraft
MPZ2012S221ATD25 220 Q 100 MHz TDK
100 KQ
n.m.
82 KQ
400 KQ
0Q
1 MQ
10Q
AB983CQTR STMicroelectronics

Figure 37. Top layer
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Figure 38. Bottom layer
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12 CISPR25 conducted emission pre-compliance EMC test

The following pictures show the conducted emission acquired in a pre-compliace environment.

All the measures have been acquired using the standard evaluation board, STEVAL-A6983CV1 (refer to
paragraph XX), setting the following application conditions:

. ViN=12V
. Vour=5V
. lour=3A
. Fsw = 0.4 MHz with enabled dithering.

Figure 39. CISPR25 conducted emission pre-compliance EMC test. Line

0
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70 —— Peak Ack.
—— Average Limit. Class 5
_Qg —— Average Limit. Class 4
% —— Average Limit. Class 3
§ ——— Average Limit. Class 2
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Frequency [MHZ]
Figure 40. CISPR25 conducted emission pre-compliance EMC test. Return (ground)
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80 —
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E ——  Average Limit. Class 4
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§ ——  Average Limit. Class 2
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0.15 1.5 15
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13 Efficiency measures

Vout = 5 [V] FSW = 400 [kHz]

The following three figures show the efficiency and power losses acquired on the standard evaluation boards of
the device, STEVAL-A6983CV1 and STEVAL-A6983NV1, selecting the following output filter:
. COUT:
- 2 x 10 yF 50 V (CGA5L1X7R1H106K160AC, TDK).
- 1 x 22 yF 50 V (CGABP3X7R1E226M250AE, TDK).
. Inductor:

XAL6060-223ME (Coilcraft)

Figure 41. Efficiency LCM linear scale Figure 42. Efficiency LNM linear scale
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Figure 43. Efficiency LCM log scale Figure 44. Efficiency LNM log scale
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Figure 45. Power losses LCM linear scale Figure 46. Power losses LNM linear scale
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Efficiency measures

VouT = 3.3 [V] FSW = 400 [KHz]
The following three figures show the efficiency and power losses acquired on the standard evaluation boards of
the device, STEVAL-A6983CV1 and STEVAL-A6983NV1, selecting the following output filter:
. COUT:
- 1 x 10 yF 50V (CGA5L1X7R1H106K160AC, TDK).
- 2 x 22 yF 50V (CGABP3X7R1E226M250AE, TDK).
. Inductor:
XAL5050-822ME (Coilcraft)

Figure 47. Efficiency LCM linear scale Figure 48. Efficiency LNM linear scale
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Figure 49. Efficiency LCM log scale Figure 50. Efficiency LNM log scale
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Figure 51. Power losses LCM linear scale Figure 52. Power losses LNM linear scale
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Efficiency measures

Vourt = 5 [V] Fsw = 2300 [KHZz]

The following three figures show the efficiency and power losses acquired on the standard evaluation boards of
the device, STEVAL-A6983CV1 and STEVAL-A6983NV1, selecting the following output filter:

. COUT:

- 1 x 22 pF 50 V (CGA6P3X7R1E226M250AE, TDK).

. Inductor:
- XAL4040-332ME (Coilcraft)

Figure 53. Efficiency LCM linear scale
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Figure 54. Efficiency LNM linear scale

—_—
— —_— < 70
X )
= S 6
5] 2 50
S S 40
£ 60 | | m—Vvin=12[V] £ 5
5 | [=—Vin=24v) 20 —Vin = 12[V]
10 e\ = 24[V]
40 0
0 05 1 15 2 25 3 0 05 1 15 2 25 3
lout [A] louT[A]
Figure 55. Efficiency LNM log scale Figure 56. Efficiency LNM log scale
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Figure 57. Power losses LCM linear scale Figure 58. Power losses LNM linear scale
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Note: Measurements acquired with air forced convection.
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Efficiency measures

Vout = 3.3 [V] FSW = 2300 [KHz]

The following three figures show the efficiency and power losses acquired on the standard evaluation boards of
the device, STEVAL-A6983CV1 and STEVAL-A6983NV1, selecting the following output filter:

. COUT:
- 1 x 22 uF 50 V (CGA6P3X7R1E226M250AE, TDK).
. Inductor:

—  XAL4040-332ME (Coilcraft)

Figure 59. Efficiency LCM linear scale Figure 60. Efficiency LNM linear scale
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Figure 61. Efficiency LNM log scale Figure 62. Efficiency LNM log scale
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Figure 63. Power losses LCM linear scale Figure 64. Power losses LNM linear scale
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14 Thermal dissipation

The thermal design is important in order to prevent thermal shutdown of the device if the junction temperature
goes above 165 °C. The three different sources of losses within the device are:

1. Conduction losses due to the on-resistance of the high-side switch (Rpson_Hs) and low-side switch
(Rpson_Ls); these are equal to:

Pconp = Rpson_us  1our - D + Rpson_is - Iour - (1 - D) (46)
Where D is the duty cycle of the selected application and is given by the following formula:

_ Vour+ (Rpson_ts + DCRL) - Ioyr
Vin = (RDSONHS - RDSON_LS) “loyr

(47)

In order to obtain a more accurate estimate, it is necessary to take into account that the amount of resistance of
the internal power MOSFET increases together with the temperature. For this reason, the value of RpsonHs and
RpsonLs, should be increased from the typical of a factor equal to 15%.

1. Switching losses due to high-side power MOSFET turn-ON and OFF; these can be calculated as per the
formula below:

(T + TraLL)
Psw =Vin-Iour- MFSW =Vin-lour Tsw- Fsw (48)

Where Trise and Tga L are the overlap times of the voltage across the high-side power switch (VDS) and the
current flowing into it during turn-ON and turn-OFF phases, as shown in shown in Figure 65
Tsw is the equivalent switching time. For this device, the typical value for the equivalent switching time is 15 ns.

1. Quiescent current losses, calculated with the equation below:

Po=Vin-Ig max (49)

Where |q is the quiescent current and depends on the Vgas connections. If Vgjas is connected to GND, the
maximum is equal to 3 mA. Otherwise, if Vgjag is connected to Voyt the quiescent current is given by:

1 Vpias [ ]
I = 0.8|mA| + : -2.3|mA 50
Q MAX [m ] Nae9ss Vin " (50)
The power losses are given by:
Pross = Pconp + Psw + Pg (51)

The junction temperature T, can be calculated as:

T;=Ts+ Repja- PrLoss (52)

Where Tp is the ambient temperature, and Rinya is the equivalent thermal resistance junction to ambient of the
device, and it can be calculated as the parallel of many paths of heat conduction from the junctions to the
ambient. For this device, the path through the exposed pad is the one conducting the largest amount of heat. The
RihJa measured on the demonstration board described in the following section is about 40 °C/W.
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Figure 65. Switching losses

T T N Vi

lswus(t)

Vos,us(t)

PCON D,HS

TFM.I. TRISE

It is also possible to estimate the junction temperature directly from the efficiency measurements acquired in a
stationary application condition.

Considering that the power losses are given by:

Pross = Py — Pour (93)

Neglecting the AC losses of the selected inductor, the power losses related to the A6983 are given by:

2
Pross 46983 = Vin - Iin — Vour - loyr — DCRL- Igyr (54)

Therefore, the junction temperature T can be calculated as:

Ty =Ty+ Repja- PLoss, 46983 (95)
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15 Package information

To meet environmental requirements, ST offers these devices in different grades of ECOPACK packages,
depending on their level of environmental compliance. ECOPACK specifications, grade definitions, and product
status are available at: www.st.com. ECOPACK is an ST trademark.

15.1 QFN16 (3x3 mm) package information

Figure 66. QFN16 (3x3 mm) package outline
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Figure 67. QFN16 (3x3 mm) package outline. Detail A

DETAIL A

Terminal Length

L 0.40+0.10 — ——
* A3 Terminal Thickness

. % 170.203 Ref.
=

SLP1 PLATED AREA DETAIL A

%\\

Table 11. QFN16 (3x3 mm) mechanical data

symbol - w ]
= N 7 =
0.7

A 0.75 0.8
A1 0 0.05
A2 0,5 0.55 0.6
A3 0,203 REEF

b 0.2 0.25 0.3
L 0.3 0.4 0.5

0,50 BSC

D 2,95 3 3,05
E 2,95 3 3,05
D1 0,43 0,48 0,53
E1 0.81 0,86 0,91
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Figure 68. QFN16 (3x3 mm) recommended footprint
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QFN16 (3x3 mm) packing information

15.2

Figure 69. Carrier tape for QFN 3x3 mm

PP T3 8 WA i L

WA GPy ey o pynonys Bury oo 0pod e,

oo L0 e e Srs 89 poyt Burj v WpED e R g
w1 #5 PIPONT IR USTURER Pt Y

FRRT IRy ETERS A T W TR Ty |

T - G Y B g pirau IR LSS |

|G yEog

e | Ramim
*S3L0N

pruaa R | B

"I

_._...____.._ ?l...s_ﬂﬂ:__

Tusd Llormvmn] (g | Pend § | re] 0

W & Bi | WH | wa | B | W ] Tnoe
» [reman fenwe| B8 | owieve

V) Y WS 053
000 HIDIM 3% 1 HNEET) E391A30
FNLIENIE
[ WM 3L i.:||_| DQUVLSOMLIFTI
N 0
LTI T
15 sreog XX M\ NouNzLy

g Fmeg [P L ETR L LR EE ]

22 -

—

1338 .m.im‘mr. #3LnD

1A

(w31 IMVID T334

...Ii...... 30 PRANSOb)

Hany 310 PaNETMNY

1V HLOA H3NND
A

1) DI 3Y L MY I0BHAS TTAT-34 ﬂ
BONE B30
3000 TRALYH | Sd
% - ¥ - ¥R - XN @ 0007 MIVALSY 1 WHdHY

[ 3003 H31 30 T3 mﬂw\N
o oeeq

<027 3007 ¥v3A
TDEWAS 37242-3

3000 HANOW

T0ERAS 053

0907 XIWALSHId NNHERY SADGNIA MiHL-€

page 50/59

DS14234 - Rev 3




A6983

Package information

Figure 70. QFN16 (3x3 mm) plastic reel 13"
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16 Ordering information

Table 12. Ordering codes

Part Numbers Output voltage Light-load behavior Packaging
Adj.

AB983CQTR
AB983C50QTR 5 LCM (Low consumption mode)
AB983C33QTR 3.3
QFN16 Tape and reel
AB983NQTR Adj.
AB983N33QTR 3.3 LNM (Low noise mode)
AB983N50QTR 5.0
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Table 13. Document revision history

19-Dec-2023 1 Initial release.

Updated features on the cover page and Figure 68.
31-Jul-2024 2

Added new Section 12.
27-Oct-2025 3 Updated Table 12
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IMPORTANT NOTICE — READ CAREFULLY
STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice.
In the event of any conflict between the provisions of this document and the provisions of any contractual arrangement in force between the purchasers and

ST, the provisions of such contractual arrangement shall prevail.

The purchasers should obtain the latest relevant information on ST products before placing orders. ST products are sold pursuant to ST’s terms and
conditions of sale in place at the time of order acknowledgment.

The purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
the purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

If the purchasers identify an ST product that meets their functional and performance requirements but that is not designated for the purchasers' market
segment, the purchasers shall contact ST for more information.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2025 STMicroelectronics — All rights reserved
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