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Abstract

Designing a DC/DC buck converter for automotive applications requires special care of several conditions that are specific for
automotive environment : The very wide operating temperature range, input voltage fluctuations and stringent requirements
on EMI/noise generation due to the nearby car radio receiver. This application note describes the design of buck voltage
regulators for automotive environment using the RT2875BQGCP, a 36V/3A AEC-Q100 grade-2 qualified buck converter IC.
The Richtek Designer™ tool is used for initial design and component value selections.
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1. INTRODUCTION

Automotive environment can be quite harsh and designing electronics that need to work reliable in this environment takes
special care, and often requires automotive qualified parts.

When designing voltage regulators that need to step down an intermediate voltage from the car battery supply, the car
battery voltage fluctuation needs to be taken into regard.

The full operating temperature range needs to be considered for all aspects of the design, and all component parameters
have to be checked over temperature.

The car radio receiver is nearby, which means that any switch-mode converter radiated emission needs to be minimized to
avoid switch noise being coupled into the car radio receiver.

Richtek has released several new parts for automotive applications which are AEC-Q100 qualified. The following chapters
describe how to design intermediate power rails from car battery supply using RT2875BQGCP, an AEC-Q100 grade-2 qualified
36V/3A current mode buck converter.

2. CHALLENGES OF AUTOMOTIVE ENVIRONMENT

Figure 1 shows an example of the electrical power tree in a car environment.

Voltage during
Cold crank and

load dump Buck
/ \ Converter
Car o i
Alternator \ Boick —
Navigation
EMI Filter Converter

& clamp

Buck
Converter

Infotainment

e

: Buck
Car Battery Converter

Camera

FIGURE 1
Battery supply voltage variation

The voltage that is provided by the battery exhibit severe drops during cranking of the engine, and can drop as low as 3V
during cold cranking. Overvoltage can also happen when the car battery is disconnected while the alternator is providing
charge current to the battery. The initial filter and clamp circuit will remove most of the voltage spikes but the electronics
connected after the filter need to be able to withstand certain voltage surges, and the voltage regulator should try to
maintain a stable output voltage during these events.

The output voltages for systems as shown normally range from 1.8V to 5V. In some cases like cold cranking it is not possible
to maintain regulation when input voltage approaches the regulated voltage, and some voltage drop is allowed.
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EMI

All switch mode converters generate some EMI. The amount of radiation depends on switching frequency, converter
switching speed, load current, filtering, and layout. A radio receiver nearby has high sensitivity in electromagnetic fields in its
operating bands, and will easily be affected by converter switch noise. Selecting a suitable switching frequency can help to
avoid radiating noise in sensitive frequency bands. Reducing switching speed can reduce EMI as well, but often reduced
switch speed increases the converter switch losses which reduces efficiency. Good filtering and PCB layout are extremely
important for minimizing noise to external circuits.

Wide operating temperature range

The temperature range in automotive environment can range from extreme cold when the car is outside in wintertime to
very hot when the car is outside in the sun in summer time. All electronic components will exhibit parameter drift over
temperature, so critical operation modes need to be carefully checked in different temperature conditions to ensure correct
operation over the full temperature range. For this reason many automotive qualified IC parameters are fully characterized
over temperature, so designers can use this data to examine worst case conditions.

3. RT2875BQGCP FEATURES OVERVIEW

RT2875B has a rich feature set, which makes it very suitable for industrial and automotive applications :
Figure 2 shows the application schematic with various functions and features.

* AEC-Q100 grade-2
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* 100% duty-cycle mode

Wide input * hiccup mode protection ~ Workswithlow ESR )
voltagerange ceramic output Wide output voltage range
N\ vin RT2875BROCP capacitors 3A output current
w VIN BOOTI—— /
@ | Choot \
Cin= T - Vout
Pgood — L1 l

Thermally efficient
TSSOP-14 package

signalling for ENC—{EN : SR
Bl— 3

systemcheck
PGOOD

T RT/ISYNC COMPF——m
RLIM

300kHz ~2.1MHz ~ ss ‘]> Recomp N
r viaRow or AGND PGND = =
SWITCH 0sC R Css 1 JSYNG . "

ext. sync signal l T Ceomp ¢ 5
il - 1= ‘ p
\ \ TSSOP-14 (Exposed Pad)

1.5A~ 6A adjustable Programmable External compensation for
currentlimit via Ry soft-start loop response tuning

R2 =

FIGURE 2

e The wide input voltage range in combination with 100% duty-cycle mode makes it suitable for fluctuating supply rails like
car battery, while minimizing output voltage variation.

e The programmable switching frequency allows best trade-off between efficiency and component size, and external sync
signals can also be used to set the frequency precisely to avoid sensitive frequency bands.

e The adjustable current limit can set the maximum inductor peak current to a specific value, which makes it possible to
choose inductors with optimal current rating for the application without risk of saturation in overload condition.

e External compensation is important to set the converter loop response and ensure stable operation at various switching
frequencies over the full temperature range.

e The internal MOSFETs with low Rpson reduce self-heating under load, and the thermally efficient package allows
operation at high ambient temperatures without overheating.

The following chapters provide some details how to design this part for automotive applications.
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4. RT2875 FAMILY

There are three parts in the RT2875 family :

e RT2875AQGCP with 2% reference voltage accuracy and latch-off UVP protection
e RT2875BQGCP with 2% reference voltage accuracy and hiccup UVP protection
e RT2875DQGCP with 1% reference voltage accuracy and hiccup UVP protection

Whether to choose Latch-off or hiccup mode protection depends on user preference.

Latch-off UVP protection always needs system intervention to reset the converter (via enable pin) after an output under-
voltage condition has been triggered.

Hiccup mode UVP protection devices will automatically try to recover from output under-voltage condition. The hiccup mode
will ensure low power consumption in continuous overload. In most applications, hiccup mode is the preferred protection
mode.

If very high output accuracy is needed, RT2875D may be the best choice, but for most applications 2% reference accuracy
(over the full temperature range) will be sufficient.

5. RT2875 DESIGN CONSIDERATIONS

When beginning a design for automotive applications, the Richtek Designer™ online design tool can be a great help to
quickly get your design started. To get an overview of automotive parts, just check the AEC-Q100 box in the features section,
as shown in figure 3.

RICHTEK

your power partner,

‘ 1 Part Selection 2 Design Requirements 3 Analyze 4 Efficiency 5 BOM 6 Summary

Part Selection Filters Features Packages
. Enable Input - sopg
v s - 5
50T-23-6
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 —— -
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L e ——— 2 i 4 WDFN-10
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Parts Table
Show| 25 ¥ entries Search:
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Select Part Number Datasheet Description Min Vin Max Vin Iout Package
Vout Vout
3A, 36V, Current Mode Synchronous Step-Down Converter,
a RT2873AQGCP = with Resistor-Adjustable Frequency and Current Limit, UVP 4.5V 36v 0.6V 24V 34 TSSOP-14
Latch
34, 36V, Current Mode Synchronous Step-Down Converter,
m RT2875BQGCP i) with Resistor-Adjustable Frequency and Current Limit, UVP 4 36 0.8V 24 34 TSSOP-14
Hiccup
3A, 36V, Current Synchronous Step-Down Converter,
m RT2873DQGCP = with Resistor-Adjustable Frequency and Current Limit, UVP 4.3V 36V 0.6V 24V 3A TSSOP-14
Hiccup
FIGURE 3

One of the automotive parts can now be selected from the parts table. Select a part to view the description and features of
the part.
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After selecting a part, the menu will show the design requirements page. See figure 4.

Input voltage range, output voltage and load current are normally
defined by the application. For RT2875, switching frequency and
inductor peak inductor current limit can be set via external
RT28?SBQGCP 3A, 36V, Current Mode Sync resistors. There are some things to consider when setting these
parameters :

‘ 1 Part Selection 2 Design Requirementis 3 Analy

Operational Parameters

Switching frequency considerations :

Vin Min 96

o " Selecting higher switching frequency will reduce output voltage
ripple, allow lower inductance values and increase the converter
bandwidth for faster reaction on load transients. But it will also

R : increase switch losses, especially at higher input voltages.

lout 15 A The higher switching frequency will also limit the minimum and
maximum duty-cycles that can be achieved :

Frequency 500 kHz
Omin = ton min'Fsw (RT2875 ton min = 100nsec)

Peak Inductor Current Limit| 3.5 A

6max =1- tOFF min'FSW (RT2875 tOFF min = 100nsec)

Converter duty-cycle & is determined by Vout/VIN.

FIGURE 4

Applications with high step down ratio and high switching frequency setting will quickly hit the minimum duty-cycle limit, and
RT2875 will start to skip pulses to maintain regulated output voltage. But output ripple will increase in pulse skip operation
due to pulse grouping, so this operation mode should generally be avoided. The design tool will give a warning message
when selecting parameters which result in hitting minimum duty-cycle limit. If this is the case, a lower switching frequency
should be chosen.

Operation where V| is close to Vout can result in maximum duty-cycle operation. Again, RT2875 will start skipping pulses to
maintain regulation, gradually moving to 100% duty-cycle mode, but pulse grouping will increase output ripple. Lowering the
switching frequency can help here as well but higher output voltage supplies will often encounter this mode in automotive
applications during cold-cranking, when V|y drops to very low levels. Output voltage regulation will be maintained until 100%
duty-cycle mode is reached.

Peak inductor current limit considerations :

This parameter can be used to set the limit of the maximum peak current in the inductor. This can be helpful in applications
that don’t require high load currents. In these cases, the designer can set a suitable low peak current value and choose an
inductor with a lower saturation current as well, which can then be a smaller (cheaper) type. Even overload conditions will
not result in larger peak current than the set value, so inductor saturation is avoided.

The maximum load current that can be achieved during peak current limiting is always % IrippLe pp lower than the actual peak
current limit, because the load current is the average value of the inductor current, which includes the current ripple. See
figure 5.

peak current limit

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" N AN AN AN AN

Load current Inducter current N f\ /\ /\ ]\/ \] \/ \]
]\\/\ N 777777 [\Z /\ \/ \/ \/ \[ \/ \] Maxluadcurrint=

/ \/ \/R}/ \/ peak current limit - 0.5 * Inductor current ripple

Inductér current ripple
FIGURE 5 : RELATION BETWEEN PEAK CURRENT LIMIT AND MAX LOAD CURRENT
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It should be noted that the peak inductor current limit as shown in the design requirement box is a typical value : The IC
datasheet should be checked for tolerances, to ensure that current limit at minimum tolerance will be sufficient to supply the

required load current. Due to IC propagation delays, the actual current limit is also dependent on Vin, Vout and inductance
value. The design tool can be used to verify the actual current limit for the specific application, which matches the real IC

current limit behavior quite accurately.

6. PRACTICAL RT2875 APPLICATION EXAMPLE

APPLICATION EXAMPLE : 5.0V/1.5A SYSTEM SUPPLY.

Input voltage range : 13.5V typical, minimum 6V during engine cranking and maximum 28V during load dump.
Switching frequency preferred at 2.1MHz to minimize noise in the AM radio band. Maximum load step is 1App.
Ambient operation range : -30°C ~ +70°C, hiccup mode protection is preferred. Output voltage tolerance is 5V+5% over the

full temperature range.
For this application, RT2875BQGCP is a suitable choice.

Application checks :
e For 2.1MHz switching frequency, the duty-cycle where minimum on time is reached lies at 21% and the duty-cycle where

minimum off time is reached lies at 79%. So at 28V input, some pulse skipping will occur, and V|n below 6.3V will result in
pulse skipping as well. At 5V input, the converter will work in 100% duty-cycle mode, and Vout will slightly drop. But at

nominal input of 13.5V, the converter will not have any duty-cycle limitations.
e The 1.5A maximum load is well below the converter rated current, and IC dissipation will be relatively low, even at the

high switching frequency.
e |tis possible to make use of the peak current limit function to set a peak current which is sufficient to guarantee 1.5A load.

We’ll use Richtek Designer to provide the required component values for this design.

_ To start the design, we use Richtek Designer, select RT2875BQ. In the
Operational Parameters . . . . .
Design Requirements section the typical operation values are entered.

Vin Min 135
(When entering different values for Vin Min and Vin Max, the tool will use
133 v the average Vin value to calculate component values).

The current limit setting is first kept at the default value, it will be
modified later. See figure 6.

After clicking Create Design, the tool will generate the full schematic with
. all component values.

Frequency <1l kHz
Peak Inductor Current Limit| 3.3 A

FIGURE 6
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The generated schematic is shown in figure 7.
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FIGURE 7

Some explanation on schematic component values :

. . . . V, V,
e The inductor is calculated to provide a ripple current of 40% of the IC 3A rated current, based on L = —24& OUL : (1-—\?“)
SwalL IN
In high duty-cycle conditions, the tool chooses an inductor value which is larger than calculated by this formula to match

the IC slope compensation. It is recommended to stay close to the recommended inductor value.

e The output capacitance is set at 2x22UF low ESR MLCC. This choice will be OK for most applications. For lower ripple or
less voltage sag/soar during load transients, the output capacitance value can be increased. Output capacitance
influences stability. Note that the design tool capacitance value does not consider MLCC DC bias or AC ripple effects, so
when selecting the MLCC capacitors for the application, the designer should carefully check the actual capacitance value
at DC bias and low AC ripple and include worst case temperature effects, re-run the simulation and check converter
stability with worst case values.

e The compensator gain is set by Rcomp, and the value is calculated to provide a suitable converter crossover frequency Fc
2m Co-0.06Fsw . Vo

around 0.06 * Fsw with sufficient phase margin. Reopp =
Gmea'Ges  VRerF

1
21 Ccomp Rcomp
(RLoap based on output voltage and IC rated load of 3A).

The value of Ccowmp is selected to set the compensation zero f; =

1
fp e ——
LOAD  2m Cout: RLOAD

a bit below the converter load pole

CoutResSrR

The value for Cp is chosen to set the high frequency pole at the output capacitor ESR zero : Cp = =
comp

(Note that RT2875 already has 11pF internal COMP capacitance; CP can often be reduced or omitted)

It is important to realize that any change in output capacitance value has a direct influence on converter bandwidth and
Rcomp should be modified accordingly to maintain a suitable cross-over frequency.

The simulation schematic also contains Crr, which can be used to add some extra phase boost. If extra phase boost is
. _ 1
needed, Crr can be calculated according Cgr = IRI0BFG

It should be noted that adding phase boost via Crr will increase the high frequency gain, and the gain margin will be

reduced. It is therefore recommended to use Crr only when really needed. (The default Crr value of 1pF basically disables
this phase boost)
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o The default soft-start capacitor is set at 10nF, which gives a soft-start time of Imsec.

e The schematic also shows an external circuit (Vext_boot and D1) which charges the bootstrap capacitor C6. Although
RT2875 includes an internal bootstrap charging circuit, the external circuit is recommended for automotive applications
with output voltages equal or greater than 3.3V. The external charge circuit will ensure correct bootstrap capacitor
charging at all duty-cycle conditions, including the high duty-cycle transition to 100% mode when V|n drops very close to

Vour, and it will also increase converter efficiency.

For applications with Vout ranging from 3.3V ~ 5V, the bootstrap charge supply can actually be taken from Vour. (D1 should
preferably be a Schottky when Vour is 3.3V). When Vour is higher than 5V, the bootstrap charge supply can be derived from

Vourt via a resistor divider and buffer capacitor. The measured current lext_boot can be used to check the required current
for charging the bootstrap capacitor.

Richtek Designer simulation allows you to check many effects, like start-up & shut-down from VN or Enable, Vourt ripple and

Vour fluctuations during load transient, current limiting when exceeding maximum load, Vin rising or falling to check pulse
skipping and 100% duty-cycle mode, loop stability via load transient or gain-phase analysis, and efficiency and power loss.
The BOM generation section will show some suggestions for component choices.

Rim VALUE

To determine the optimal Rym value which will guarantee load capability over the full operation range, we need to check the
inductor peak current at maximum load and then select a peak current limit that matches this peak current but will not
trigger the protection in worst case condition.

Inductor ripple is determined by : Al = %- (1—\/\(/)i)
SwW* IN

For our example application we’ll use a standard 1plH inductor, nominal V|n voltage of 13.5V. At nominal frequency this will
give a current ripple of 1.5App.

The worst case peak current will be 1.5A DC load + 0.5 * 1.5App = 2.25A. The IC current limit must be well above this value to
avoid unwanted triggering of peak current limit. It is recommended to use a peak current setting which is at least 50% higher
than the nominal operation peak current, so our recommended peak current limit will become 2.25 * 1.5 = 3.37A. This extra
margin is needed to cover several tolerances, like IC frequency tolerance and current limit tolerance, but also the effect of
different Vin conditions, especially when the application operation enters pulse skipping at minimum off time (low V)
conditions: In pulse skipping, the operation frequency changes abruptly and peak current would be higher than normal

operation, and the current limiting here can quickly cause Vout drop. Although operation at higher V|n conditions would

seem worst case due to increase the current ripple, the higher V|N also increases the inductor current rising slope dl/dt, and
the IC current limit circuit propagation delay will extend the current limit as well, actually compensating for the increased
current ripple.

To simulate the circuit with the calculated current limit, we enter 3.37A in the
peak inductor current limit as shown in figure 8.

Vin Min 135
Vin Max 13.5
The tool will now generate a schematic with recommended Rym value, but the
vout s current limiting must be checked in detail over the full input range.

Iout 13 A

Frequency 2100 kHz

Peak Inductor Current Limit| 3.37 A

FIGURE 8
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The circuit is shown in figure 9. The recommended Ruim value is 59k. We modify the inductor to a standard value of 1pH.

1
Ut ot N
RTZE75BOGCP lext_boot D1
B —  WVext_boot
LIN ) VIN gooT | LBooT oy
N
= 1
PGOOD 00 rF i —
w peooD  sw | M T . i )
00k L e
R4 RICHTEK vACH
- re ICOUT
ne EN FB R1 ] o)
TIZKQ
e Cff cout
78
. INOUT i
VEN RT COMP comp Reomp w2 oF
N B \COMP 552401 2okn
0uS
= @ B sS P Ceomp
- AGND PGND T T L

FIGURE 9

To simulate the current limit behavior, we set the load max value to a high value (5A), and set the load rising time to 400psec.
Then the transient analysis can be run at different V|n conditions. We start with Vin = 13.5V.

The transient analysis result in current limit operation is shown in figure 10.

To show the waveforms of interest, it is best to choose All, then de-select all waveforms and select ILOAD (pink) VOUT (blue)
and /L1 (green).

ii-ﬂﬂ-imimﬁ
v Y
Voltage Current
I\ (A)
5
10
5
W covr
| BOOT
0 e
W () vrs
M || icomP
00dE-3  00BE3 01263 D16E3 02E3 D24E3 02853 03283 D36E4 04E-3 M O rooon
Time (s) | lext_boot
olee 9
FIGURE 10

The red square at the cursor shows the point where current limiting starts and Vour starts to drop. Use the mouse to zoom

the waveform in the red square to check the actual current levels at that point : see figure 11.
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FIGURE 11

The cursor readings can be used to check the current levels: at 13.5V input, peak current limit is 3.77A at a load current of
3.0A. This is slightly higher than the original target limit current of 3.37A : this is because the tool calculates the Rym value
based on datasheet formulas which are based on typical 3.3V application at 500kHz switching frequency. Our example
application runs at much higher frequency and the tool analysis result will include the IC propagation delay effects. Let’s also
run the current limit analysis also at minimum and maximum input voltage conditions (6V and 28V in figure 12) :

v

v

M”’:ﬂ ITIIﬂl‘lq-;l"lrfh'|.IMIIW_'

[ DOMED

ViN=6V: IL1peak=3.37A, ILOAD = 3.17A

DOSE3 01263 01863 02E3 024E3  D2BE3  D32E3

[l
Curment
)

v v

0263 [
Time (s)

OD4E3  DOBE-S  012E3  DI6ES 2483 02883 DIES 03663 04e3

Vin =6V : IL1 peak = 4.43A, ILOAD = 3.56A

FIGURE 12

From the simulation results at different Vi, it can be seen that the lowest input voltage condition is the worst case condition
for current limiting. It is highly recommended to verify the simulation results with actual measurements. These current limit
measurements for 6V/13.5 and 28V input voltage are shown in figure 13.

Current limiting at 6V input
:

TekStop | TekStop | TekStop |

Current limiting at 13.5V input Current limiting at 28V input
¥ ™ ¥ ™

v

T Al 3.

v v @ 3

R

Ch4 Max
4.74 4

Chd Max
3.68A

Ch4 Max
3.50 A

€h3 High Ch3 High Cch3 High
260 A 2924 1 3804

Chi 1.00V &
1.00 A QA(Ch4[ 1.00 A %

M[200ps| A Ch3 & 3.34 A

Chi 1.00V &

M[200ps| A Ch3 7 2.08 A
1136.20 %

IL1 peak = 3.32A, ILOAD = 2.6A

M[200ps| A Ch3 & 2.08 A
1.00 A QA(Ch4[ 1.00 A %
1136.20 %

IL1 peak = 3.68A, ILOAD = 2.92A

Chi 1.00V &
1.00 A QA(Ch4[ 1.00 A%

10 Mar 2016

1[36.20% 17:53:25

IL1 peak = 4.74A, ILOAD = 3.80A

10 Mar 2016

10 Mar 2016
17:58:02 17:59:08

FIGURE 13

Actual measurements confirm the worst case condition, and show the same behavior as the simulation. The load that can be
supplied at 6V input is 2.6A, which is 73% higher than the required 1.5A load current. This margin is sufficient to cover

tolerances from the IC and inductor value. The Rym value can be set at 59kQ.
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The maximum peak current that can occur happens at maximum input voltage. When we include IC tolerances, the worst
case peak current would be around 15% higher than the measured value of 4.74A to become 5.5A. Inductor saturation
current would need to be higher than this value to avoid saturation effects at worst case overload conditions.

For testing the design a Wuerth Electronic 74437321010 1pH, Irms = 3.5A, Rpc = 41mQ, Isat = 7A shielded inductor was
chosen.

TeksStop | E——— A aban Figure 14 shows the RT2875BQ in continuous overload
: © 4644 condition at 28V input voltage: after current limit is
reached, the output voltage drops, and when it drops below
the output under-voltage level of 50% of Vour, the output is
Cha Max shut-down.
cgasmx RT2875AQ will latch, and EN needs to be cycled to re-start.
Ch3 Mean RT2875BQ and RT2875DQ will automatically generate a new
467maA . . .
start-up cycle with soft-start. Continuous overload will
result in continuous hiccup mode. Average current in hiccup
mode is low, which avoids overheating in fault conditions.
Chi To0v o M20.0ms A Ch3 £ 1.18 A
OEE 1.00 A GR{Ch4] 1.00 A &4 10 Mar 2016
36.20 % 18:56:43
FIGURE 14

LOAD TRANSIENT PERFORMANCE AND LOOP STABILITY DESIGN.

Current mode converter load transient performance is related to the control bandwidth and the amount of output
capacitance. Since control bandwidth and output capacitance also influence loop stability, these items need to be checked
together.

Let’s first use the design tool to do some performance checks on output ripple and load transient: The system will have a
maximum load transient of 1App, so we set the load from 0.5A to 1.5A, and set the rise and fall time to 0.5usec which
represents a fast load transient. We run the transient analysis with the typical 13.5V input voltage and default 2x22UF output
capacitance. See figure 15.

11

u1 i |
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FIGURE 15
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RT2875 3A Automotive Buck Converter

RICHTEK

After transient analysis is finished, we select Output, and select Pk2Pk measurement for VOUT, see figure 16.
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FIGURE 16

Due to the high switching frequency, the voltage sag
at a fast 1A load step is around 40mV, less than 1% of
the output voltage and the output ripple is very small,
around 4mV. The step load shows stable response
indicating sufficient phase margin.

Voltage sag and soar are definitely good enough for
this application.

The stability of this circuit can be verified by running AC analysis, see figure 17.

RT2875BQGCP AC Analysis
Bode Plot
8 ; S
)| Gain @B ] Phase (veo
Q 80
= &0
Q) " 60
Q)
]
10
20
20
0
0
2
20
40
100 6 TEa s =
Frequency (Hz)
Ft F2 o
00siEs osirEs 052586
W @ Loop_Gaint 0031 2757
Il 0717 [oors leores

AC analysis shows a cross-over frequency of 91kHz, a
phase margin of 60 degrees and a gain margin of
26dB.

It can be seen that the phase does drop off quite fast
at the cross-over frequency. Any increase in cross-
over frequency will quickly reduce phase margin. Also
note that in AC analysis, the tool will use the initial
load condition of 0.5A. When load is higher, the
converter load pole will move to a higher frequency as
well, resulting in higher cross-over frequency but
lower phase margin.

In order to check the actual case conditions for load transient and loop stability, we need to select the key components and
apply these parameters in the simulation. The output capacitance plays a crucial role in the converter stability. We can use

the tool BOM list for some suggestions on components, see figure 18.

Ref Qty Find Part Number Manufacturer Description

ul 1 RT28758 [y Richtek

Ce 1 ,:% GCM188RT1C104KA37D [ Murata Cap Ceramic 0.1uF 16V X7R 10% SMD 0603 125C Paper T/R

CIN 2 @ Murata Cap Ceramic 10uF 50V X7R 10% SMD 1210 125C Embossed T/R

couT 2 | :Jb Murata Cap Ceramic 2ZuF 25V X7R 10% SMD 1210 125C embossed T/R

Ccomp 1 --;!b Murata Cap Ceramic 820pF 16V X7R 10% SMD 0201 125C Paper T/R

Cp 1 & Capacitor 3.9pF

Css 1 ':Js TDK Cap Ceramic 0.01uF 25V X7R 10% SMD 0603 125C Paper T/R

= 1 Q@ Wurth Electronics Power Choke Shielded Wirewound 1.2uH -20% to 40% 1KHz Ferrite 124 7mOhm
FIGURE 18

The recommended output capacitor is Murata GRM32ER71E226, which is a 22uF+20% 25V X7R 1210 size MLCC capacitor
suitable for high temperature operation.

ANO47
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To see its capacitance at the 5Vdc voltage and 4mV ac ripple we can use the Murata Simsurfing website : Figure 19 shows the
DC bias, AC voltage and temperature characteristics.

DC bias characteristics _ O ¥ AC Voltage Characteristics

_ O X Temperature Characteristics _ 0o x

28 30

Capacitance [uF,
Cap Change Rate[%]

—

Cap Change Rate[%]

¢ ] 15 1] 5
DC Bias[v]

| R GRMI2ERT1E226METS 0-DC biss, Capacitance, 25degD, ACOSVrms

-0 5

5
AC Voltage[Vrms]

H WP| GRMIQERT1EQ26METS C-AC Woltsge, Gap Change, DOOY, 26deeD

|| WP| GRMI2ERT1EQ26METS G-Temp, Cap Change, DOOY, ACO5Wims

-2 o 0 o an 25
Temperature [degC]

FIGURE 19

From the graphs, we can derive that a GRM32ER71E226 capacitor has 20.4F at 5Vdc, 30% capacitance drop at low ac ripple,
and additional 10% capacitance drop at -30°C and 11% capacitance increase at 75°C.

For this application, at 25°C its typical capacitance will be 14.28UF and its minimum capacitance including temperature and
tolerance will be 10.3lF at -30°C, and its maximum capacitance will be 18.7UF at 70°C. We can use these values for worst
case analysis. If different capacitors are used, it is important to check the same characteristics to determine the actual
capacitance for this application including worst case.

For worst case stability, we apply the minimum 2x10.3LF capacitance, and set the initial load at 1.5A.
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1 cs L1
00nF H —
741 m0 =
L T i1
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3 N
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}vra R1 IcouT
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%'l‘

cout
0307
5 mn

88

FIGURE 20

Figure 21 shows the gain-phase with worst case minimum output capacitance and maximum load.

Frequancy (HZ

B @ Loop i

B Loop Praset

FIGURE 21

Clearly this stability is
environment. To recover this, the converter bandwidth
needs to be reduced considerably to guarantee sufficient
phase margin.

The AC analysis shows that the crossover frequency has
shifted upwards to 180kHz, causing phase drop. Phase
margin is now only 40.5 degrees and gain margin is 15dB.

insufficient for automotive

Before we do this, we should also check other relevant parameters that influence crossover frequency.

ANO47
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Rcomp-GmeaGes | VRer
2m Cout Vout

Current mode buck converter bandwidth is approximated by : fc =

The parameters Gmea (error amplifier transconductance) and Gcs (current sense gain) are internal IC parameters. The RT2875
datasheet gives typical values, but automotive production test data can tell whether these parameters have big tolerance or
temperature variation: The table below shows this data :

IC parameter : Typical value and tolerance : % drift at -40°C % drift at 25°C % drift at 105°C
GmEA 950UA/V £9% (+60) +18% 0% -17%
Gcs 5.2A/N  +20% (*60) -6% 0% -8%

At -40°C, the product Gmea * Gcs will have worst case deviation of 1.27 * 1.14 = 1.45x
At +105°C, the product Gmea * Gcs will have worst case deviation of 0.74 * 0.72 = 0.53x

So we see that due to Gmea and Ggs tolerance and temperature drift, we should include 45% increase in crossover frequency
at low temperature and 47% decrease at high temperature. In order to maintain stable operation in all conditions, the

compensation resistor Rcomp must be reduced to set the crossover frequency at a value that gives acceptable phase margin
even when crossover frequency is shifted +45% or -47%.

The design tool makes it easy to do some experiments with different Rcomp values and see the effect on crossover frequency
and phase margin. Note that besides compensator gain, Rcomp also changes compensator zero and pole frequencies, so the

phase curve will also change. Rcomp was reduced to 33k and Cp was set at 0.1pF to reduce compensator pole phase drop, see
figure 22.

u1

lext_boot

VIN BCOT

PGOOD  SW
RICHTEK
EN FB

RLIM

RT COMP

SS
AGND PGND

I

FIGURE 22
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Figure 23 shows the gain phase result: Crossover frequency is 139kHz and phase margin is 66 degrees.

Gain (dB) Phase L:Iﬁ@}

60

= 45% frequency
increase: (202kHz)

hase margin = 66 dgs -~ |
40 E 2 g Phase margin = 57 dgs

20

crossover frequeny = 139kHz -7 |

5
5}
k]

100 1E3 1E4 1E5 1E6
Freguency (Hz)

FIGURE 23

The cursors can be used to check phase margin at 45% higher frequency 202kHz : still sufficient at 57 degrees.

We can now also check the other extreme at high temperature which gives lowest crossover frequency : For this we run the
simulation with the largest value for Cout which is 18.7|UF x 2 and set the load at zero for lowest crossover, see figure 24.

lext_boot

VIN BOOT
pGoOD  Sw | M T . I
] e
RICHTEK VACH d
EN B }VFE R1 C) . Icout
RT COMP @ * T -
10.0k0

ss ¢ l
AGND  PGND =

I

FIGURE 24

For the high temperature case, figure 25 shows a crossover of 78kHz, and phase margin of 74 dgs.
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phase margin = 77 dgs

80
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-20

=}
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T T d
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FIGURE 25
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Applying 47% frequency reduction due to IC high temperature condition shows that phase margin will not become worse.

To check stability at high input and low input voltages, the AC analysis can be run in the worst case conditions at V|y = 28V
and VN = 6V. Basically the gain-phase curve does not change much at different input voltages, but you’ll notice that the AC
analysis at Vin = 6V will not run; this is because at 6V, the converter operates in minimum off time with pulse skipping, which

is a non-linear behavior where AC analysis cannot be performed. By increasing Vin to 7V, minimum off time operation is
avoided, and AC analysis will complete successfully.

Another way of checking stability is by applying a fast load transient and observing the output voltage for any signs of ringing.
Figure 26 shows load transients from 0.5A to 1.5A at nominal input voltage and typical, minimum and maximum output
capacitor.

Simulated : Vin = 13.5V, Cour = 2x14.3F Simulated : Vin = 13.5V, Cour = 2x10.3F Simulated : Vin = 13.5V, Cour = 2x18.7F
Vpp = 109mV Vpp = 116mV Vpp = 105mV

Measured : Vpp = 114mV Measured : Vpp = 122mV Measured : Vpp = 109mV
Tek Stop S — TekRun _| | me— Trigd TekStop | | m— |

1 Ch1 Pk-Pk Ch1 Pk-Pk Ch1 Pk-Pk
! 114mv 121mv ! 109mv

Ch4 High Cha High Cha High
o 1.48 A d 1.49 A d 1.48A
-l Chalow R ——————— Cha4 Low fe——— L—— Cha4 Low
480mA 490mA 480mA
[ o [ o [ o
[ S50, 0mvAs M[100ps] Al Chd  1.10 A [ 50, 0mvAs M 100ps] A Cha 7 1.10 A [ S50, 0mvAs M 100ps] Al Cha 7 1.10 A
Ch4[ 500mAG 15 Mar 2016 Chd[ 500mA G 15 Mar 2016 Chd[ 500mA G 15 Mar 2016
11[29.80 % 11:07:51 1129.80 % 11:00:30 129.80 % 11:04:07

FIGURE 26

The effect of input voltage on load transient is shown in figure 27.
Simulated : Vin = 28V, Cout = 2x10.3pF Simulated : Vin = 6V, Cout = 2x10.3UF Sir_nulqted :ViN=5.2V, Cout = 2X10.3H'F

FaE il

Vpp = 117mV Vpp = 96mV VMmN = 4.8V, Vvax = 5.2V

N | S

Measured : 208mVpp due to min on time Measured : 115mVpp, start of pulse Measured : Vmin = 4.83V, Vmax = 5.04V :

pulse skipping skipping: min off time reached. 100% duty mode : Vour follows Vi
i &

Tek Run e Trig'd Tekstop_| e | TekStop_|
u u

] [ —— W&-—— D ——— [\/\\—-
Ch1 Pk-Pk Ch1 Pk-Pk t [ Ch1 Min
115mv Ik 4.83V

i

Ch1 Max

208mv

Chd High Chd High Chd High
4 149A 4 1a49A 4 146A
o CRALOW  e— Sm——— v LT —-— ST— - Y T

500mA 500mA 500mA

(Dt et [P [P
50.0mVAa| M 100us] A Chd S 1.10 4 T8 50.0mvAR M[100us| A Chd 7 1.10 A & 10omv M[100ps| A Cha & 1104
Ch4[ 500mAQ 14 Mar 2016 Cha[ 500mA<Q 14 Mar 2016 Chd[ 500mAQ 14 Mar 2016
[29.40% 20:28:36 W[29.40 % 20:24:39 29,40 % 20:35:43

FIGURE 27
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At 28V input and 0.5A load, minimum on-time pulse skipping results in higher output ripple than the simulation model can
show. The key-point is that minimum on-time pulse skipping should not be confused with unstable control loop. It can also

be seen that when V|n is very low, the converter will go into 100% duty-cycle mode during high load, and output voltage

regulation is not possible anymore. Vout follows ViN, minus converter Rpson drop and inductor DCR drop. Any ringing here is
caused by the inductor and output capacitor resonance, and should not be mistaken for instability. The actual measurement
100% duty Vout waveform is slightly different from the model, because the model assumes an ideal input voltage source,

whereas the actual measurement input voltage shows some sag during load transient, which is reflected to the output as
well.

Figure 28 shows V|n drop from 13V to 5.4V, 5.1V and 4.7V respectively. (Pink : Vi, Blue : Vour, Cyan : Switching)

Tek Stop | ———1— TekRun | e . Trig'd TekStop | | e—— — .
[ [ [
Vin drop to 5.4V : Vin drop to 5.1V : ViN drop to 4.7V :
Ch3 Low Ch3 Low i Ch3 Min
540V 5.10v 4.70V
[ [ [
Ch1 Min
4.50v
P2l 500V wcha 500V UM d00ms] Al Cha 7 9.90 12500V Hcha 500 M 400ms] Al Chi S 6.90 12500V Hcha 500 M 400ms] Al Chi S 6.90
Ch3[ 5.00v & 3 Mar 2016 Ch3[ 5.00V & 3 Mar 2016 Ch3[ 5.00V & 3 Mar 2016
W[76.20% | 18:58:56 [76.20% | 19:00:00 [76.20% | 19:02:24
Pulse skipping but no Vourt drop 100% duty, some Vouyt drop 100% duty, Vourt 0.2V lower than VN
FIGURE 28

CONVERTER POWER LOSS, EFFICIENCY AND THERMAL DESIGN

Converter power loss consist of conduction loss (due to IC MOSFET Rpson and inductor DC resistance) and switching losses
(MOSFET gate drive, switching transitions, dead time, inductor core losses, capacitor ESR losses). In this application, the
switching frequency is quite high, and switching losses (which are proportional to frequency) will be considerable.

The design tool efficiency analysis will calculate both conduction losses and switching losses, and can be used to get a quick
estimation of the total converter efficiency and power loss. For setting up the efficiency analysis, input voltage, inductor DC
resistance and load current final value need to be set, see figure 29.
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FIGURE 29
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After running Efficiency analysis, the following graphs are shown, see figure 30.

Efficiency Power Loss

Efficiency (%)
Power Loss (W)

IOUT (A)

IOUT (4)

FIGURE 30

By moving the mouse cursor on the plotted line, the efficiency and power loss values at that point will be shown : At 1.5A
load, efficiency is 86.25% and total converter power loss is 1.19W.

Figure 31 shows the actual efficiency and power loss measurements with the same key components.

RT2875BQ13.5V -5V 2.1MHz efficiency RT2875BQ13.5V -5V 2.1MHz power loss

90.0% 14

85.0% — 12 /
= B0.0% g
7T / g os f/
3 75.0% =
E l : o e —

(=]

L 70.0% I o 04 —_—

65.0% 02

0.5 1 1.5 0.5 1 1.5
Load current [A] Load current [A]
FIGURE 31

Actual efficiency and power loss at 1.5A load is quite similar to the simulated data: 86.4% and 1.18W. At low load conditions,
the difference is bigger : this is because switching losses at this high frequency are hard to calculate accurately.

The Design tool can also be used to get an idea of the power loss in the IC itself by setting the external components power
loss at minimum. To do this, set the inductor DC resistance to zero as shown in figure 32.
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FIGURE 32

Efficiency (%)
Power Loss (W)

65.00

FIGURE 33

With zero inductor DCR, the efficiency at 1.5A is now 87.51% and the power loss is 1.07W which can be considered as purely
IC dissipation. (Actual measurement shows IC dissipation at 1.09W).

According RT2875BQ datasheet, the thermal resistance from Junction to Ambient in a JEDEC 51-7 four layer thermal test
board is 28°C/W. The IC junction temperature rise at 1.07W dissipation in such a test board will be 30°C. At 70°C ambient, the
IC junction temperature will be 100°C, which is well below the maximum recommended junction temperature of 125°C.

Note that switching losses will increase with the square of V|, so at high V|n this application will have much higher power
loss: When running the above schematic with 28V input, the IC power losses will increase to 2.27W! (Actual measurement
gives 2.22W loss). This would lead to 63.6°C IC junction temperature rise, and junction temperature would become 133°C at
70°C ambient. Normally the load dump spike on input voltage will not last long (< 500msec) and it will take some time for
junction temperature to rise, so the 28V input load dump condition will not lead to IC overheating.
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APPLICATION EMI CONSIDERATIONS

Electromagnetic radiation in low voltage buck converters is mainly caused by the high frequency currents flowing in the
switching loops of the buck converter. Figure 34 shows the two main loops in the buck converter, where the shaded loop
with area Al is the most critical loop because the current I1 in this loop consists of discontinuous current pulses with high
di/dt. Since radiation is proportional to the loop area, it is most important to make the loop area Al as small as possible.
Loop area A2 is less critical, because the current in this loop (11 + 12) is a continuous triangle shaped waveform with much
lower dl/dt than I1. See also the application note Reducing EMI in buck converters.

v —

shaded area A1 @
Vi S
in (- 7 ]1 +I2 ® ©
A~ o 0
Q1
T cos
Cin =/:_|1 el ya- W » o) Gg)
o l
A |
[>32—JE LML Y scou SRoa © N
(’ l B VIN
area A, ' D_PGNDE ©
FIGURE 34

To minimize area Al in the layout as shown in figure 34 right side, the input capacitors should be placed as close as possible
to the IC, and make a short connection with IC VIN and PGND. Since the IC die PGND is connected to the thermal pad, the
main ground under the IC is the shortest route to silicon die ground.

Further ways to reduce EMI are shown in the schematic of figure 35 :

IC switch loop Reduce MOSFET

resonance damping switch-on speed Reduce Dicharge spike
RT2875BQGCP
input supply filter 4RR57 ha sz20§1 D1
Vin HF bead1 r\/\/VT12 13 BOOT*‘\/\/\/*‘T—H* VA
BV ~ 28V [ I LAk Choot 1N4148
l l HF bead2 100n= output supply filter
C1
10uT oz o3 1.2 T HF bead3 Vout
. sw L 5V /1.5A
- cal c5 cs
22u'|' 22uT T 10u
7
EN
= EN FB 1 L 1
OMP - E -
RT/SYNC Rpg
100k
RLIM 1
. PGOOD {>Pgood

S
GND PGND L Csnubber
5

3 15 (Pad) 470p Damp positive ringing
Rsnubber | on switch waveform
2R2
AL p— p—

FIGURE 35

1. HF bead together with C1 form an LC filter for the buck converter input current.

2. R5 and HF bead2 form an RL damping for the IC internal switching loop resonances. HF bead2 needs to be small, like
Murata BLM15PG100SN1. Voltage spikes on IC VIN pin need to be checked. R5 needs to be reduced if spikes are too high.

3. Rboot reduces the switch-on speed of the high side MOSFET, thereby increasing switching rise time. Too high Rboot
increases switch losses.

4. Rsnubber and Csnubber damp the switching waveform positive going ringing. Adding this network increases switch losses.

R7 reduces the high frequency current spikes in D1. R7 value cannot be big as it reduces the Cboot charging.

6. HF bead and C6 add an LC output filter. Note that the bead will worsen load regulation and step load.

o
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The plots in Figure 36 show common mode measurement in supply wire & switching waveform at different EMI solutions :

Original configuration, no EMI solution implemented.
e E—

Tekstop |
[

Ch1] 5.00mAQ 400ns A‘ Ch1 S-10.0m. AI
16 Mar 2016
EEM [ 70.0dB  50.0MHZi[24.80% | 18:34:05

High radiation in 70MHz & 250~300MHz

Tek Stop \ o [ s m—
Ch2 Rise
2.699ns
£ ch2rall
3.681ns
2
[ 2.00V &M40.0ns] Al Ch2 S 6.20 V|
16 Mar 2016
W12.60 % 18:36:12

Some 210MHz ringing, Tr/F = 2.7/3.7nsec

Only added RC snubber 2. 2Q) & 470pF; Efficiency drops 1%.

TekStop |
]

WUWWMMWM N

M 400ns| Al Chi1 f-6.90mA

70.0dB  50.0MHZ i[24.80 % |

Reduction in 250 ~ 300MHz

Ch1[ 5.00mA%
Mathjl

16 Mar 2016
18:42:08

Tek Stop \
Ch2 Rise
3.557ns
£ ch2rail
4.075ns
|2
200V &M[40.0ns] A Ch2 7 6.20V
16 Mar 2016
W12.60 % 18:39:07

Damped ringing, Tr/r =3.6/4.1nsec

Only added 22() Rboot : Efficiency drops 0.6%.

Tek Stop |

bl

““M[400ns| A Ch1 r-6.90mA
16 Mar 2016
18:45:55

Chil 5.00mAG
[Mathil

10.0d8  50.0MHZ 0I[24.80 % |

Reduction in 70 ~ 200MHz

Tekstop_ | e | et m—
Ch2 Rise
6.512ns
€ha Fall
3.978ns
P “
¥ 2.00v M40.0ns| Al Ch2 & 0.00V

16 Mar 2016
18:47:08

1[20.60 % |
reduced ringing, Tr/r =6.5/4.0nsec

Only added bead//4.7Q in IC VIN line; No eff|C|ency drop.
et

Tek Stop | Tek Stop |
Ch2 Rise
2.934ns
Ch2 Fall
3.722ns
WM"WWWW 11T *
chi[ 5.00mAQ M 400ns| A Ch1 s—4.40mAl 1o war 2016 2 PR TN TR W W T
[EE [ 10.0d8  50.0MHZii[24.80 % | 18:53:24 16 Mar 2016
W[20.60 % | 18:52:43
Reduction in 70 ~ 300MHz reduced ringing, Tg/e = 2.9/3.7nsec
FIGURE 36
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Figure 37 left and right side shows the common mode current result before and after several EMI solutions are implemented:

Original configuration before adding solutions : With bead//4.7Q in IC VIN line, 22Q Rboot, bead in input
supply
Tekstop | S —— — TekStop | -

Ch1| 5.00mAQ | M400ns| A Ch1 f—10.0mA Chil 5.00mAQ | M 400ns| A Chl /-3.00mA

16 Mar 2016 16 Mar 2016
[ 10.0dB  50.0MHZii[24.80 % | 18:34:05 [ 10.0dB  S0.0MHZ/ii[24.80 % | 19:44:21
High radiation in 70MHz & 250 ~ 300MHz More than 10dB reduction in 70MHz ~ 300MHz

FIGURE 37

Figure 38 shows a measurement example when adding HF bead2 and R5 in IC VIN line : The increased high frequency
impedance will cause some voltage dips and spikes on the IC VIN pin during switch transitions.
R5 needs to be reduced if voltages spikes are too large.

No bead//4.7Q in ICVIN line With bead//4.7Q in IC VIN line
TekRun | T Trig'd Tekstop | e ——
b - —
Ch2 Max : : : : Ch2 Max
14.9v . . . . 16.7 V
i i Fovjs i i i ooy i i i v i i oo i Ch2 Mi
& TroV ANAE ANAAE rt PN
M 5.00v M 100ns| A Ch2 - 142V it B s.00v M\]o.ons'\ .A\ Chz 7 1'4.2'\/\
16 Mar 2016 16 Mar 2016
01[24.80 % 19:26:06 ii[24.80 % 19:26:34
+1.5V spikes on IC VIN pin -4.4V/+3.2V spikes on IC VIN pin

FIGURE 38

Figure 39 shows the RT2875 test PCB and input supply common mode current measurement setup.

FIGURE 39
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7. LAYOUT EXAMPLE

Figure 40 shows an example layout. The power section is placed at the top of the IC, and the small signal section is placed at
the bottom of the IC. The center section is the large signal ground with low impedance connection to the IC thermal pad,
which is also the IC power ground. In this section, vias must be placed to inner ground layers to help reduce ground
impedance and to serve as heat removal from the IC thermal pad.

There are no switching currents in the ground at the bottom of the IC, and this ground can be used to connect the small
signal section to. The IC PGND pin separates the switching signal from the small signal section.

Input and output
capacitors grounded Input supply filter
atcentertolC
thermal pad ground
with vias toinner ) _ )
ground layers ICinput pin damping network

Input capacitor

Ouput filter

Small signal
components
grounded at bottom
cleanground

Bootstrap charging circuit RC snubber

FIGURE 40

8. OTHER APPLICATION TIPS

USING THE EXTERNAL SYNC FUNCTION

The external sync function can be used to set the switching frequency to a precise value, and even change it during operation,
for example to adjust the switching frequency based on car radio tuning to stay away from critical frequency bands. When
the frequency needs to be adjusted over a certain range, it is best to select the application component values based on the
lowest frequency. Let’s look at an example of a 5V 1.5A supply where the switching frequency needs to be adjusted from
350kHz ~ 500kHz. In Richtek designer, we set the input parameters for 350kHz, generate the schematic. In the generated

schematic, set the output capacitor at lowest worst case value of 10.3puF, and load at maximum 1.5A. For Rcomp calculated
value of 9.3k a 9.1k standard value is chosen. See figure 41.

Operational Parameters

Vi Min 135

Vin Max 135

RT COMP

£
AGND  PGND

I

FIGURE 41
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After running AC analysis, the gain-phase plot shows sufficient phase margin, even at frequencies 50% higher than the cross-

over frequency. See figure 42.
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FIGURE 42

To check the circuit stability at 500kHz switching frequency, Rt needs to be changed from 147k to 102k, and run AC analysis
again. Figure 43 shows that at 500kHz the phase margins are slightly better than the 350kHz case: this is because the
crossover frequency is based on 350kHz.

p Y oy
Gain (dB) Phase (ldi?i?:E
50 .
0
0 -100 4 .
200 4
-50 -300 §
-400 4 |Pnase Margin (deg)|59.29
Feross (Hz E
-100
-500 4
100 1E3 184 1E5 1E6
Frequency (Hz)
Fi F2 MF
T o oo s
B o [ ] m | B
B ¥ Loop Phase 69174 | |59.502 \ 9672 v
FIGURE 43
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In most systems where external sync is applied, the sync signal is generated by a micro controller (MCU).

If the MCU is powered by the same Buck converter it is trying to synchronize, problems can occur during power-up, because
the MCU SYNC I/0 may temporary pull down the RT2875 RT/SYNC pin, and the converter won'’t start or will malfunction with
RT/SYNC temporary shorted to ground.

To solve this problem, the circuit configuration as shown in figure 44 is recommended. The MCU SYNC I/O pin is not
connected directly to the RT/SYNC pin, but via the voltage divider Rt1/Rt2. In this way, even when the MCU pin is low, the
RT2875 will work at a defined frequency via Rtl (in this case resulting in a 500kHz frequency). When the MCU SYNC pin is
floating, the frequency is defined by Rt1 + Rt2 (in this case resulting in a 350kHz frequency). When the MCU SYNC pin sends
out a square-wave SYNC signal, RT2875 will synchronize to this signal. It is recommended to add a capacitor Ct in parallel with
Rtl. The time-constant Rt1 * Ct should be based on the lowest SYNC frequency period. Although RT2875 can also start with
external SYNC signal applied, in this application we start without external sync, and use the RT2875 PGOOD signal to tell the
MCU that the SYNC signal can be activated.

RT2875 3A Automotive Buck Converter

RT2875BQGCP D1
14
- BOOT 4 e
Vin T [yl
6V ~ 28V [ . - G213 1 o 1N4148
ci j_ czl csj_
Vout
10u™T" 10u T 0.1uT R4 + % sv
L 100k
- = = c4 | c5
22u 22u
ENO— 100N T 2T
g RT/SYNG :‘ggk - =
. o p—
RLIM
Cpl RCSTIF: Rli 2lss reoep me
4 . im
ot L Rt ZZPT CeompoL 56K Lces |enp ponD System
MCU
“7PT 100K 1 4‘7n__L_ 1 710n s 5[5k
= - — = — — = M
- SYNC
Rt2 350kHz ~500kHz
47k N
T
FIGURE 44

Figure 45 shows the converter start-up sequence with above circuit : The MCU was programmed for SYNC pin in tri-state
initially; then a 350kHz 50% duty PWM command was given.

Detailed look at the free-running to SYNC transition

Start-up from V|y with external sync application

TekPrevu | [. 2 Tek PrevVu [ it ]
. I 1]
Vout Vout
Y : D
Pgood Pgdod
X Going low for
By [3% MCU SYNC 14usec during
: pin in tri-state PWM command ;
it \ initialzation 350kHz SYNC ¢
X SYNC MCU SYNC - . . \1
By [ S
il3h 3 L) L. 2MHz tht
; 347kHz 500 H:z LTI 350kHz
[y Po— oL it i i o i i i i it a
Chi1[ 5.00V BCh2[ 10.0V &M20.0ms Al Chd4 . 240V Ch1 5.00V &Ch2 10.0V &M[10.0us| A Ch4 L 240V

ch3[ 5.00v [WfE 2.00V & ch3] 5.00v |#iF] 200V &

Mar 2016
1 1|61.60 %

18
12:11:41

61.80 %
FIGURE 45

From figure 45 right side it can be seen that the MCU SYNC pin is initially floating, resulting in ~347kHz switching frequency
(defined by Rtl + Rt2). When the MCU PWM command is issued, the MCU SYNC pin will first go low for around 24psec.
During this time, the RT2875 frequency goes to 500kHz (defined by Rt1). When the 350kHz SYNC pulses appear, RT2875 uses
4 cycles to measure the frequency and set the converter internal parameters for this new frequency. During this time, the
converter runs at highest frequency. After that, the converter synchronizes to the new SYNC frequency. When the SYNC pin is
set in tri-state again, a similar transition will occur and the converter moves back to the frequency set by the Rtl + Rt2
resistors.
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BOOTSTRAP CAPACITOR CHARGING CIRCUIT

As mentioned in chapter 6, RT2875 includes an internal bootstrap charging circuit, but an external circuit is recommended for
applications where there is a possibility of high duty-cycles, like automotive applications.

RT2875BQGCP
vin [ I VIN
Cin T 5V BOOT o
L Regulator e j——J V_ext(3.3V ~5V)
F Q1 Cboot
3 oW I L1
g + { vout

Control l
o Cout
}- Q2 T
Aq L

GND
FIGURE 46

Figure 46 shows the basic circuit : Cgoort is charged
when the low-side MOSFET Q2 is on and is discharged
when the high-side MOSFET Q1 is switched on. If the
low side MOSFET conduction time is short, it is possible
that the IC internal regulator cannot fully charge Cgoor.
Lower CgooT voltage reduces the drive capability of the
high-side MOSFET gate drive, which increases high-side
MOSFET losses. Too low Cgoor voltage may lead to
Cgoort Vvoltage under-voltage protection being activated,
which will force low-side MOSFET activation to re-

charge Cgoort. This should be avoided during normal
operation. Applying and external bootstrap capacitor
charging circuit will ensure that there is sufficient charge

on Cgoor in all duty-cycle conditions.

For applications with Vout ranging from 3.3V ~ 5V, the bootstrap charge supply can actually be taken from Vour. (D1 should

preferably be a Schottky when Vour is 3.3V, this will allow Cgoot to be charged up to 4V, which is still sufficient for the high-

side MOSFET drive. The switch node goes slightly negative during the converter dead-time, which increases Cgoot charge)

RT287580GCP In applications where Vout is higher than 5V, the
vt l u bootstrap charge supply can be derived from Vour via a
“T Regumo] " oot 2 eharee Rt resistor divider and buffer capacitor as shown in figure
- [ W | lc Lo ,_J..w 47. In order to calculate the values for R10, R11 and
| al boot T &
4‘{_‘}" . I a = =+ C10, you need to know the charge current I-charge. The
contol w— Cvawesv | design tool can provide this information as shown in the
- Eoz T o following example :
= p—
GND
FIGURE 47
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We design a 6V/1.5A supply running at 1MHz frequency by entering the data as shown in figure 48 left side :

Ope

Create Design

RT287SBQGCP 34, 36V, Current Mode S

tional Parameters

VIN BOOT

PGOOD W

RICHTEK
EN FB

RLIM

RT COMP

55
AGND  PGND

11

|
1

FIGURE 48

In the schematic, the external bootstrap capacitor charging circuit contains the lext_boot measurement, which can be used
for designing the resistor divider circuit. To see this current, run Steady State Analysis.

After running the steady state analysis, select Switching, then deselect all waveforms and select LX and lext_boot as shown in

figure 49.
RT2875BQGCP Steady-
[ ic__W  wput | [ Output W An ]
@ v Switching
@ Voltage Current l
) (A)
= 15
Q
‘:| — — — [EBlec 2
@
()
- © 05
0
5
05
0 il | 1 1 1
T T T T
0 1E-5 2E-G 36 4E-5
Time (s}
T T2 a7 v
Marker Times o 4.97E-8 497E6
W v x 0.0z -0.018 0.315E-3 v
| | IcouT -0.4T1 -0.475 -4.498E-3 v
BOOT 4742 4742 0.315E-3 v
WU 0.281 0.278 450263 v
%) text_boot 0.21E-8 0.21E-8 -0.257E-12 g v| 253E3 I
FIGURE 49

You can see that the current pulses in lext_boot happen during the converter dead-time, where the switching waveform is
most negative. For designing the resistor network, we need the average value of this current. To view this, select Avg from
the measurement menu at the bottom. The average value is around 2.5mA.
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BlcStop | S . Figure 50 shows the actual measurement of lext_boot in the
same application: It can be seen that the measured average
L T T T current is very close to the simulated value.

Let’s set the R11/R10 attenuation for 5V at no load, and

"3\ PO | SR Sppnn— ,.__,..__.__.4___ 1% Mean allow 0.5V drop due to the 2.5mA charging current.

Ch2 Freq . - . . R10 . -
994.2kHz The fist condition gives : RTOTRTT 6V =5V
- . R10-R11 _
; The second condition gives : R1OTRTT 2.5mA=0.5V
From this we get R10 = 1.2kQ and R11 = 240Q
' C.hZI\ 5:0(‘) Vv : IM\.4.00.I"IS. A| (‘:hZIJ'. 2‘.9(‘) vV
WE 50.0mAs | 18 Mar 2016
[24.80 % | 18:11:11
FIGURE 50

C10 should be big enough to avoid voltage sag during the charge pulses. We choose the time constant R10//R11 * C10
several times bigger than the switching period : C10 is chosen to be 22nF.

Tek 5top. 3
Y
RT28758QGCP C10 voltage
Vi Y . )
| ‘ lext_charge aves2 SmA
R11
Cin == | o1 - |
o | 00T i 240R i ! "
| [ Reguistor | pt—o | e ——— A ) WD BRSNS PR — s 8- o
i 2k =cio =R10
™ ,,,.Iﬂc‘ ot 2n e h4 CycMean
1 | 15mA
| | swo | L1
‘7$— >—Jh0N > +—{ Vout =6V
Control J h2 §
lﬂ a2 = Cout [ .
— >—H .
| By i
GND
Chi 1,00V @I 500V M 400ns A Ch2 £ 290V
ha[ 50.0mAC 18 Mar 2016
24808 18:42:36

FIGURE 51

The final circuit and measurement is shown in figure 51. The average voltage on C10 is 4.75V.

In higher Vout applications like 12V, it may be better to use a 4.7V zener diode instead of R10. Choose R11 to achieve a zener
bias current which is always larger than the average charge current.

9. CONCLUSION

Designing an automotive application with RT2875 takes some extra effort if all aspects of automotive environment need to
be taken into account: Component tolerances and parameter drift over temperature need to be considered to ensure correct
operation over all critical conditions. The Richtek Designer simulation tool can be used as a good guideline to calculate initial
component values, and can be used to estimate performance over component value changes. The feature set of RT2875
meets the requirements of several automotive applications, and performs well over a wide range of input conditions and
switching frequencies.

ANO47 © 2016 Richtek Technology Corporation 28



RICHTEK RT2875 3A Automotive Buck Converter

Richtek Newsletter Subscribe Richtek Newsletter

Richtek Technology Corporation

14F, No. 8, Tai Yuen 1st Street, Chupei City
Hsinchu, Taiwan, R.O.C.

Tel: 886-3-5526789

Richtek products are sold by description only. Richtek reserves the right to change the circuitry and/or specifications without notice at any time. Customers should
obtain the latest relevant information and data sheets before placing orders and should verify that such information is current and complete. Richtek cannot assume
responsibility for use of any circuitry other than circuitry entirely embodied in a Richtek product. Information furnished by Richtek is believed to be accurate and
reliable. However, no responsibility is assumed by Richtek or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may
result from its use. No license is granted by implication or otherwise under any patent or patent rights of Richtek or its subsidiaries.

ANO047 © 2016 Richtek Technology Corporation 29


http://www.richtek.com/My%20Richtek/Newsletters

