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Waveforms and curves were measured on RTKA211835E00000BU or RTKA211835E00010BU, unless otherwise noted. (Cont.)
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Figure 21. Overcurrent Protection, 24V, 3.3Voyr, Figure 22. OCP Hiccup, 24V, 3.3VgyT, 400kHz
400kHz
Figure 23. Overcurrent Protection, 60V |y, 3.3Voyr, Figure 24. Overcurrent Protection, 75V|y, 3.3Voyr,
400kHz 400kHz
Figure 25. Undervoltage Protection, 24V, 3.3V, 400kHz
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5. Functional Description

The control architecture is based on peak current mode control. The output voltage is sensed by a resistor divider
from the output of the converter to the FB pin. An internal transconductance error amplifier (EA) compares the FB
voltage with an internal 0.8V reference voltage and produces an amplified compensated signal (COMP) to
minimize the error in Vgot1. The EA has internal compensation that provides stable operation across operating
conditions and switching frequency range. The COMP signal is compared with the sum of sensed high-side
current and the slope compensation value.

5.1 Fixed Frequency Operation Mode

In the continuous conduction mode (CCM) operation where the load current is higher one-half of inductor
peak-to-peak inductor current, the RAA211835 operates at a programmed fixed frequency. At the rising edge of
the PWM clock, the high-side FET turns on and the inductor current ramps up at a slew rate determined by the
inductor value, input voltage, and output voltage. The high-side FET is switched off when the sum of the sampled
high-side FET current and slope compensation reaches the COMP signal level or when either the maximum duty
cycle or high-side overcurrent is reached. Note: The high-side FET must stay on for at least 96ns as the minimum
on-time expires.

When the high-side FET is turned off, the low-side diode is conducting and inductor current flows through
continuously without ramping down to zero.

5.2 Discontinuous Operation Mode

The device is a non-synchronous converter, it naturally operates in the discontinuous conduction mode (DCM)
when the output load is less than one-half of the peak-to-peak ripple current of the inductor. In this mode, the
COMP signal value is lower than the preset DCM value. Also, the internal oscillator clock is forced to skip pulses
and allows reduction of the cycle switching frequency.

5.3 Soft-Start Timing

Depending on which RAA211835 package you are using, there are two options to configure soft-start time. The
QFN package has a fixed soft-start time of 500us (typical), which is not adjustable. The HTSSOP package allows
soft-start time to be set to an interval longer than 500us by placing a capacitor from the SS pin to ground. Use
Equation 1 to calculate the Cgg value. If you want to use 500us soft-start time with the HTSSOP package, short

the SS pin to VCC.

\Y
REF
(EQ. 1)  teq = Coax—NEF
Ss $8™ Tgg

5.4 Start-Up Process

When both EN and Vy UVLO meet the thresholds, RAA211835 initiates the start-up process. When the output
voltage starts from 0V, RAA211835 uses the SS voltage as the reference voltage for the EA during startup. The
SS voltage starts from 0V and finishes the soft-start when the SS voltage reaches 0.8V. After soft-start,
RAA211835 switches to its 0.8V reference voltage for the EA. The SS voltage continues ramping up, and when it
reaches 1.2V, it asserts the PG signal.

When pre-bias is present on the output, RAA211835 does not generate any pulses until the SS voltage is greater
than the FB voltage.
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5.5 BOOT Refresh and Capacitor Selection

Approximately 500us after EN is driven high and before the start-up process begins, the RAA211835 turns on the
integrated low-side FET for 250ns with a 2us period and repeats this for 32 cycles. This action charges the boot

capacitor before the start-up process begins. After the regulator has started up, if it is operating in DCM in a light
load condition, the boot refresh circuitry is enabled when the cycle switching frequency is longer than 3.7ms.

A capacitor is needed between the BST pin and SW pin to provide gate voltage for the high-side internal
MOSFET. Renesas recommends using a 16V X7R 0.1uF ceramic capacitor as the bootstrap capacitor for most
applications.

5.6 Power-Good

The RAA211835 provides a Power-Good (PG) signal to alert the system that the output voltage is within
regulation. Power-good logic is functional when VCC voltage is above UVLO.

The PG pin is the open drain of a MOSFET. Renesas recommends connecting it to a voltage source through a
pull-up resistor such as 100kQ. At the startup, the PG signal is held low before SS is ready, and it is asserted
when the SS voltage reaches 1.2V, and FB voltage is within the regulation window. When the FB voltage goes
12% below or 12% above the nominal value, PG is pulled low.

5.7 Switching Frequency Resistor Selection

The default switching frequency of 400kHz is programmed by shorting the FS pin to VCC. Connect a resistor from
the FS pin to AGND to program the switching frequency from 200kHz to 800kHz. See Figure 26 and Table 1 to
select a resistor value for a specific frequency.
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Figure 26. Switching Frequency versus FS Resistance

Table 1. Typical Switching Frequency Resistor Value

Switching Frequency (kHz) Res(kQ)
200 590
300 374
400 261
500 205
600 165
700 140
800 121
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5.8 Input Undervoltage Lockout

The input undervoltage lockout level can be set with a resistor divider from VIN to the EN pin to GND based on
Equation 2 (see Figure 1) where V |\ is the minimum input voltage for the part to turn on.

ViNR - 125

N1 — R

The resulting input voltage (V|yg) for the part to be turned off is calculated using Equation 3 (see Figure 1).

R +R
(EQ.3) V. = 1.125x—N1_IN2
INF R|N2

5.9 VCC and EBIAS

RAA211835 uses the VCC voltage to bias the IC, charges the boot capacitor and drives the low-side MOSFET.
VCC is an output of two internal LDOs. One LDO is connected to VIN and the other LDO is connected to EBIAS.

The EBIAS pin allows you to connect an external bias source to the IC. The typical usage case is to connect the

output voltage rail (VOUT) to EBIAS. Any other voltage source that is in the 3.3V to 40V range can also be used

for this purpose. When EBIAS is connected to VOUT, RAA211835 automatically detects and switches over to the
VOUT bias source when it is greater than 3.1V. Using the EBIAS pin results in higher efficiency if the external bias
voltage level is lower than the input voltage. The EBIAS pin can be grounded if not used.

5.10 Overcurrent Protection (OCP)

RAA211835 detects high-side overcurrent using a cycle-by-cycle sensing method. Overcurrent in the high-side
FET is detected by sensing the voltage across the FET while it is on. After the high-side FET is on, there is a noise
blanking interval before the inductor current is compared to a fixed peak current threshold value of 5.5A (typical).
The high-side FET is terminated immediately when the inductor current reaches 5.5A (typical). An external diode
is conducting to draw down the inductor current. The high-side FET turns on when the next switching cycle
comes. The output voltage is drooping during OCP events, when the FB voltage falls to 50% of 0.8Vggg, UVP

engages and RAA211835 enters hiccup mode until the excessive load is removed.

For an application that operates near minimum on-time or if there is a hard short on the output, the COMP voltage
moves higher to extend the on-time to respond to the lower output voltage. In this case, the high-side OCP
dominates.

5.11 Undervoltage Protection

When the RAA211835 senses that the FB voltage has dropped to 50% of Vrgfg (or lower), an undervoltage fault
condition exists. High-side is tri-stated when this condition is detected and the RAA211835 enters a hiccup mode
for a 23ms period. The converter attempts to start up after the 23ms hiccup timer expires. If the short or heavy
load has been removed, it resumes normal voltage regulation. If the short or heavy load is still present, the fault
condition continues, and the converter repeats the hiccup process.

5.12 Thermal Protection

If RAA211835 senses a temperature above the thermal limit (typically 150°C), the converter is disabled and
remains disabled until the temperature drops down to 130°C. The PG signal is pulled low during the
over-temperature event.
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6. Applications Information

6.1 Output Voltage Feedback Resistor Divider

The output voltage can be programmed down to 0.8V with a resistor divider from VOUT to the FB pin to GND
based on Equation 4. The recommended Rgg, (see Figure 1) resistance is 20kQ. See Recommended

Components Values for Typical Applications for Rgg4 and Rgg, values for typical Vot applications.

Vour-0.8

Q-4 Regy = Reg2X—08 —

6.2 Inductor Selection

Several factors need to be considered when selecting an inductor for use with the RAA211835. An inductor with
lower DC resistance results in higher efficiency; however, the part may be physically larger than required. The
saturation current rating needs to be high enough to accommodate DC load current and AC ripple current with
additional margin for overload conditions. Selecting a higher inductance value results in lower output ripple
voltage; however, transient performance is impacted. Renesas recommends starting off by assuming a range of
inductor ripple current of 30% to 50% of maximum output current. Inductor ripple current is calculated using
Equation 5.

(EQ. 5) Al = \M
Lxfgw

Considering the wide operating input voltage range of the part, Renesas recommends calculating the required
inductor by using Equation 6 where Vot is the output voltage in V, L is the inductance in uH, and fgyy is the
switching frequency in kHz. Recommended Components Values for Typical Applications can be referenced for
selecting the inductance for typical Vo1 applications.

\%
ouT
1000XVOUTX(1 ]

(EQ. 6) VIN

L(uH) = Al fgyy(KH2)

6.3 Input Capacitor Selection

The input capacitor is used in the buck converter to maintain the input voltage by suppressing the voltage ripple
induced by discontinuous switching current. The required RMS current rating I;yrus) of the input capacitor is

calculated using Equation 7 where loyt(uax) is the maximum average load current and D is the duty ratio.

(EQ.7)  linrms) = loutmax) X VB x(1-D)

When D equals 0.5, liyrms) has the maximum value which is loytuax)/2-

The voltage rating of the input capacitor should be higher than the maximum input voltage. The required
capacitance C of the input capacitor to ensure the expected peak-to-peak input voltage ripple AV, is calculated

using Equation 8 where fgy is the switching frequency.

- Dx(1-D)
(EQ.8) Cy = | x 2X(-D)
IN = TOUT(MAX) * £ AV
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The required capacitance also has the maximum value when D equals 0.5. Renesas recommends using low
ESR/low ESL ceramic capacitors across the input of the regulator. When selecting the ceramic capacitors for
power supply applications, consider that the effective capacitance reduces with DC bias voltage across it, so you
need to consult the capacitor datasheets to understand the impact of this effect. Also, Renesas recommends
using X7R dielectric ceramic capacitors because of their small temperature coefficient.

If the input to the regulator is fed through a high impedance path, Renesas recommends adding an electrolytic
capacitor in addition to the ceramic capacitor to dampen the input voltage oscillation effects.

6.4 Output Capacitor Selection

Output capacitor selection impacts both steady state performance and transient performance of the buck
converter. Factors such as output voltage ripple, output voltage variation during transients, and control loop
stability should be considered when selecting the output capacitor. Renesas recommends using X7R dielectric
ceramic for the output capacitor. When selecting the ceramic capacitor, consider that the effective capacitance
reduces with DC bias voltage across it.

The effective capacitance of the ceramic capacitor should be used when determining output voltage ripple. The
required capacitance Coyt(rippLE) for the expected peak-to-peak output voltage ripple AVoyTtripPLE) IS

calculated using Equation 9 where Al is the inductor peak-to-peak current ripple and fgyy is the switching
frequency.

Al

EQ. 9 =
(EQ.9)  Coyr(rippLE) 8xTsw X AVoUT(RIPPLE)

To meet the output voltage variation requirements during load step up and load step down transients, the required
capacitance Coyt(stepup) is calculated using Equation 10 and CoyrstePDOWN) IS Calculated using Equation 11

where IgTep is the transient load step and AV 7 is the expected voltage variation during the transient.
Al N2
L
(EQ.10) _ LX(ISTEP+7)
OUT(STEPUP) 2X(VIN7VOUT)XAVOUT

Al 2
L

(EQ.11) B LX('STEP*T)

OUT(STEPDOWN) ~ 25XV "X AV 1

To have a stable control loop with adequate gain margin, phase margin, and bandwidth, the required capacitance
Cout(Loop) is derived using Equation 12 where Coyt(Loop) is in F and Voyr isin V.

B 8700
(EQ. 12) CQUT(LOOP)(“F) h fow(kHZ) xVgo T

The output capacitors should be selected so that the prior mentioned requirements are met, and the total output
capacitance should be greater than the highest value calculated in Equation 9, Equation 10, Equation 11, or
Equation 12.

Recommended Components Values for Typical Applications can be referenced for further guidance when
selecting output capacitors for typical Vg1 applications.
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7.

7.

Layout Guidelines

Place the input ceramic capacitor(s) as close as possible to the IC VIN pin and PGND pins. Keep the power
loop (input ceramic capacitor, IC VIN and PGND pins) as small as possible to minimize switch node voltage
ringing caused by parasitic inductance in the PCB traces. Minimizing loop size also results in better EMI
performance.

Place an 0402 or 0603 size 0.1uF capacitor as close as possible to VIN and PGND pins. Then place a higher
value capacitor such as 1uF or 10uF right next to the 0.1uF capacitor. If an aluminum electrolytic capacitor is
used, place it as close as possible to the 0.1uF/1uF/10uF capacitors near the VIN pin.

Keep the phase node copper area small to reduce parasitic capacitance, but large enough to handle the load
current.

The power ground (CIN and COUT ground) should be connected to the analog ground layer or island, which
connects to GND pin, in only one spot.

Place feedback resistors close to the FB and GND pin and away from phase and boot signals.

Place the ceramic decoupling capacitor for VCC on the same side of the PCB as the IC, as close as possible
to the pin.

Add additional thermal vias to thermal PGND pad for better heat transfer.

Note: The thermal performance depends on the PCB area and copper layer thickness. For the evaluation board,
20z copper for top and bottom layers and 10z copper for two internal layers were used. Use the evaluation board
manual as a reference for the PCB layout and further details.

7.1 Layout Examples
PGND Plane
o 6 o o
***** ° 9o O
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Figure 27. HTSSOP Package Layout Recommendation
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Figure 28. QFN Package Layout Recommendation
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8.

Package Outline Drawings

For the most recent package outline drawing, see L20.3.5x4.

L20.3.5x4
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For the most recent package outline drawing, see M16.173B.

M16.173B
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9. Ordering Information

Package Description i i
Part Number(11[2] Part Marking g !p I Pkg. ca"'[e;; Junction Temp.
(RoHS Compliant) Dwg # Type Range
RAA
RAA211835GNP#HA0 211835 3.5 x4 mm QFN L20.3.5x4 Reel, 6K
-40°C to +125°C
RAA211835GSP#HAOQ 5{1'6{\5/-:\3% 16 Lead HTSSOP M16.173B Reel, 2.5K

1. These Pb-free plastic packaged products employ special Pb-free material sets, molding compounds/die attach materials, and 100%
matte tin plate plus anneal (€3 termination finish, which is RoHS compliant and compatible with both SnPb and Pb-free soldering
operations). Pb-free products are MSL classified at Pb-free peak reflow temperatures that meet or exceed the Pb-free requirements of
IPC/JEDEC J-STD-020.

2. For Moisture Sensitivity Level (MSL), see the RAA211835 device page. For more information about MSL, see TB363.

3. See TB347 for details about reel specifications.

10. Revision History

Revision Date Description
Removed the term “DEM” from page 1.
1.01 Mar 13, 2023
Updated POD L20.3.5x4 to Rev 3.
1.00 Nov 4, 2022 Initial release
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