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System Description

This reference design is a dual-phase boost using the LM25112-Q1 boost controller for automotive audio
applications. This design can operate from 9 V to 16 V. The design has an adjustable output of 16 V to 40
V and is capable of sourcing a 10-A continuous current, suitable for powering a power audio amplifier. The
LM25112-Q1 boost controller has a bypass function. When V, is equal to or greater than the set output
voltage, the device will bypass V,, using the high-side sync FET. Output adjustment is achieved by
applying a 3.3-V PWM signal to the adjustment input. Adjusting the duty cycle of the PWM signal from
10% to 90% adjusts the output from 40 V to 16 V, respectively.

This design is also capable of tracking a sine wave up to 500 Hz without distortion and achieves a delay
time of less than 300 us between sine wave and the output voltage. The switching frequency is set to 150
kHz and a four-layer PCB is used. When used with an audio processor system capable of supplying the
PWM signal, the reference design can be used to track an audio signal, adjusting the output voltage
based on the audio signal conditions. An audio amplifier powered by this circuit can provide high-power
output when the boost output voltage is set high. A lower power supply voltage is used when less volume
is required, allowing the audio amplifier to dissipate less heat than it would if the boost supply was left set
to the maximum voltage.

Key System Specifications

#* 1. Key System Specifications

PARAMETER SPECIFICATIONS
Input voltage 9-V to 16-V DC
Output voltage 16-V to 40-V DC

Output current 10 A

0V min, 3.3 V max

Tracking input voltage
0.33 V to 3 V to meet output voltage range

Tracking input frequency 500 Hz, max

Tracking PWM frequency 100 kHz, minimum
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2 System Overview

2.1 Block Diagram
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2.2 Highlighted Products

221 LM25122-Q1 Wide-Input Synchronous Boost Controller With Multiple Phase Capability

The LM25122 is a multiphase capable synchronous boost controller intended for high-efficiency
synchronous boost regulator applications. The control method is based upon peak current mode control.

Current mode control provides inherent line feedforward, cycle-by-cycle current limiting and ease of loop
compensation.

The switching frequency is programmable up to 600 kHz. Higher efficiency is achieved by two robust N-
channel MOSFET gate drivers with adaptive dead-time control. A user-selectable diode emulation mode
also enables discontinuous mode operation for improved efficiency at light load conditions.

An internal charge pump allows 100% duty cycle for high-side synchronous switch (bypass operation). A
180° phase shifted clock output enables easy multiphase interleaved configuration. Additional features
include thermal shutdown, frequency synchronization, hiccup mode current limit and adjustable line
undervoltage lockout.

[
|_
[+
Z:

c % LIN
IN -
VIN CSP CSN

g LM25122
Ruv2 -E' > STANDBY
T4y A
uvLO V cs VIN | [vee 1/veel
Ruvi 0.4v/0.3V > AMP Regulator L
T +h SHUTDOWN
= SLOPE BST Charge Pump DesT Cvce
RsLopE | stope @
WA—{ Generator | — 10° Vsenses
= LT veore= 220 BST
CHF y _— oy Vout
_| . sense2 c P
LCOMP i|2|v HO BST ¢—Ty [
"_| ’ L 750mv LEVEL SHIFT  |—| g [
Ccomp Rcomp FB ZCD threshold | DIODE EMULATION icou.r
- -
HJ ERR ciL =
L * awe ‘Comparator T vee
12v + .
LO Qu
. T ADAPTIVE El
L—| PWM
Css SS  10uA Comparator e S Q s TIMER 1
1 R 3 i
= - Skip Cycle — Rrg2 §
émw oy Comparator — 30uA
R | ) Hysteresis RESTART _»8% 10uA
MODE | TIMER
[——-or0 | RFBl%
12v—+ Diode CLK Clock Generator
100k - Emulation 4] /SYNC Detector feuc /2 63 RES _
or SuA
- DiOd? fewk :E:RES
Ci"%‘g:ﬁ;gr OPT SYNCIN/RT’L SYNCOUT A,q‘\lD PG,_N|D = =
T T H
= I —
Copyright © 2016, Texas Instruments Incorporated
K 2. LM25122-Q1 Block Diagram
4 T 7] & B K A8 1702 HL R R B 2 2 i ZHCU445—February 2018

TIDUDU1 — http://www-s.ti.com/sc/techlit/TIDUDU1
fitAL © 2018, Texas Instruments Incorporated


http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUDU1.pdf

13 TEXAS
INSTRUMENTS

www.ti.com.cn System Overview

2.3 System Design Theory
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To ensure a continuous 10-A delivery to the load, a two-phase boost topology is used for this reference
design. A two-phase implementation allows reduction in the size of filter capacitors and inductors while
simultaneously lowering power dissipation in the main boost switch transistor. The filter inductor can shrink
because the average current is divided between two inductors. The LM25122-Q1 is ideal for this design
because it provides SYNCOUT and SYNC in pins for use in creating multi-phase designs. In the reference
design, U1 provides the master timing to U2. The feedback pin on U2 is tied to U2's VCC input to set the
device for slave operation. Other than the interconnection for synchronization, the circuits around U1 and
U2 are identical. The undervoltage lockout (UVLO) and compensation network are shared by the two
boost circuits.

Each phase is designed as a 5-A output boost. The designer must make trade-offs because the voltage
can be set anywhere in the range of 16 V to 40 V. The same constraints apply to both phases.

The switching frequency is set for 150 kHz by R20. The frequency setting and load requirements
determine the necessary filter component values for inductance and total capacitance. 150 kHz is chosen
to ensure minimum switching losses and heat dissipation. The value of inductors L1 and L4 is 10 uH. The
peak inductor current is almost 26 A, so the inductor must have a high current rating. Large inductor ripple
current results in large core loss in the inductor. The selected inductance provides a 20% to 30% inductor
ripple current ratio to the average inductor current across entire input and output operating voltages with a
10-A load current. The selected SER2918H-103 is suitable for high-power applications like this design.
The SER2918H-103 has DCR to reduce DC loss. Its core design reduces core loss.

Ceramic capacitors are chosen for the input and output filters closest to Ul. C25, C2, C3, C26, and C27
are the input capacitors. The input capacitors in a boost topology see continuous current. Therefore, the
input capacitor's RMS current is low. The worst case RMS current in the input capacitors is 2.6 A, so a
single electrolytic capacitor with moderate ESR in addition to four ceramic capacitors ensures proper RMS
current split as well as damping some amount of wiring inductance from the supply. C25 is shared by both
boost phases.

The output capacitors in a boost topology see discontinuous, pulsating current. The worst case RMS
current in the output capacitor is 20 A. One job of the output capacitors is to maintain the output voltage in
a load transient event. A second stage filter is added to attenuate the RMS current going into the large
value electrolytic capacitors at the final output. This filter is necessary because the DC voltage of a
ceramic capacitor must be derated and because the boost topology has a slow loop response due to the
presence of a right-half-plane zero in the boost transfer function. In this reference design, C4 through C7
are the first stage output capacitors in the Ul phase, and C28 through C31 are the output capacitors for
the second phase. These are all 4.7-uF, 80-V capacitors. The high voltage rating ensures the total
capacitance value does not drop significantly when the output is set to 40 V. The second low-pass filter
consists of L3, C20 through C23, C36, and C37.

The switch and synchronous rectifier transistors chosen are automotive rated and have low R, Due to
the high peak current, two transistors are paralleled to reduce heat dissipation in the switch transistors.
The synchronous rectifier does not dissipate as much power, so only one transistor is needed; however,
this reference design provides enough space for two.

The output voltage can track a 500-Hz sine wave signal with little distortion. Consequently, the LM25122-
Q1 has to charge and discharge the output capacitors from 16 V to 40 V then back to 16 V at a rate of
500 Hz. During the discharging event, the synchronous FET is discharging current from the output and
returning the current back to the input, which creates a negative voltage across the current sense
amplifier. The differential current sense amplifier on the LM25122-Q1 does not support negative current
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2.3.2

sense. Therefore, a level shift circuit must be implemented to bias the no-load current sense value to the
middle of the dynamic range. The bias circuit consists of D1, R5, and R6 in phase 1 and D3, R26, and
R27 in phase 2. This implementation allows the amplifier to transition between the current limit threshold
and zero, which ensures regulation during a tracking event. Due to the level shift implementation, a 1-mQ
current sense resistor is used to ensure full load delivery of the charging current during the tracking event.

The operation mode is set for diode emulation mode by tying U1, pin 13 to ground through R17. In FPWM
mode, with a pre-biased output at no load, a large reverse current upon start-up is potentially destructive.
Selecting diode emulation mode prevents potential large reverse currents. The offset provided to the
current sense amplifier forces continuous conduction mode during all conditions of operation, even with
the mode pin set to diode emulation mode.

UVLO is set so the regulator starts operating when the input voltage is above 7.5 V. The input voltage is
filtered by R10 and C13. R10 provides U1l's V,y connection with some isolation from the switching
transients on V.

Tracking Control

The tracking control circuit is part of the output voltage feedback network for the power supply. The
tracking control point is TP3, which is also labeled PWM on the schematic. Resistors R7, R9, and R15
form the normal part of the output voltage feedback network. Resistors R11, R12, and R13 along with
capacitors C16 and C17 form an input filter for the PWM signal. R13, C17, R12, and C16 form a low-pass
filter that filters a PWM signal. The PWM signal need not be PWM. This signal can also be a sine wave of
500 Hz or less, or a DC voltage can be applied to control the boost output voltage.

The boost regulator drives the output voltage to maintain 1.2 V at the feedback pin on Ul. Changing the
voltage at TP3 can therefore control the output voltage. Vq; is inversely proportional to the voltage at
TP3. The PWM input design works with a 3.3-V PWM output from a microprocessor. The resistor values
of the PWM input network are chosen so the boost regulator provides a 40-V output when a 3.3-V PWM
signal with a 10% duty cycle is present. If the PWM signal has a 90% duty cycle, the boost output is 16 V.

The PWM signal must be at least 100 kHz. Otherwise, the filter network cannot filter the noise from the
PWM signal well and the noise will appear in the output of the boost converter. If the values of C16 and
C17 are increased, more filtering would be provided to the control signal. However, it would take longer for
the boost output voltage to respond to changes in the control signal, which lowers the frequency that the
power supply output responds to. In an actual system, the control signal varies based on the level, or
volume, setting of an audio signal.
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3 Hardware Setup, Testing Requirements, and Test Results

3.1 Hardware Setup

In addition to the setup defined in %] 5, three 6.8-mF, 65-V rated electrolytic capacitors are used to damp
the wiring inductance of the input supply for all test data taken on this design guide.

3.2 Testing and Results

3.21 Test Setup

K 5 shows the setup for the efficiency test.

Current Current
Measurement Measurement
Power Active
Supply TIDA-01610 Load
Voltage Voltage
Measurement Measurement
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K 5. Efficiency Test Setup Diagram

3.2.2 Test Results

3.221 Efficiency

The power output efficiency is plotted in & 6, ¥ 7, & 8, and & 9. In all cases, the efficiency is above
90% for loads above 0.5 A and above 95% for loads above 2 A.
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K 9. 40-V Output Efficiency

3.2.2.2  Switching Waveforms and Output Ripple

The switching waveforms and output ripple are measured with oscilloscope probes connected to TP1
(SW1), TP2 (SW2), and the V; test points shown in ¥ 4. In the oscilloscope traces in ¥ 10, the yellow

9 10

trace is the switch node for the master LM25122-Q1, the blue trace is the slave switch node, and the pink
trace is the output ripple and noise. The worst cast output ripple is about 180 mVp-p with a 9-V input and
a 40-V output, as shown in & 18.

A 10. 9-V Input, 16-V Output, Full Load
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K 14. 16-V Input, 20-V Output, Full Load
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& 15. 9-V Input, 30-V Output, Full Load
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K 16. 12-V Input, 30-V Output, Full Load
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K 17. 16-V Input, 30-V Output, Full Load
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18. 9-V Input, 40-V Output, Full Load
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K 19. 12-V Input, 40-V Output, Full Load
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K 20. 16-V Input, 40-V Output, Full Load
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3.2.2.3  Start-Up Transient

The start-up transient behavior is measured with oscilloscope probes connected to the input and output
voltages and an inductive current probe to measure the output current to the load. In the oscilloscope
traces in this section, the yellow trace is the input voltage, the blue trace is the output voltage, and the
green trace is the output current. At start-up, the output reaches 40 V in about 22 ms for input voltages of
12 V and 16 V and 23 ms for an input voltage of 9 V.

I
I
i
|

i 22. 12-V Input, 16-V Output, 10-A Load Start-up
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24. 12-V Input, 20-V Output, 10-A Load Start-up
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Kl 26. 9-V Input, 30-V Output, 10-A Load Start-up
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28. 16-V Input, 30-V Output, 10-A Load Start-up
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imebase  -10.0:ms] [Trigoer

A 31. 16-V Input, 40-V Output, 10-A Load Start-up

3.2.2.4  Transient Response

The load step transient response is measured with an oscilloscope probe on the output voltage and an
inductive current probe measuring the output current. In the following plots, the pink trace is the output
voltage and the green trace is the output current. The load step response is measured with a load step of
5 Ato 10 A with input voltages of 9 V, 12 V, and 16 V. Output voltage is set for 40 V because this is the
worst case condition. The worst case droop and overshoot occurs when the input voltage is 49 V, as
shown in & 32. The maximum voltage droop is 1.4 V, and the maximum overshoot is 1.2 V.
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K 32. 9-V Input, 40-V Output, 5-A to 10-A Load Transient

33. 12-V Input, 40-V Output, 5-A to 10-A Load Transient
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K 34. 16-V Input, 40-V Output, 5-A to 10-A Load Transient
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3.2.2.5 Envelope Tracking

35 shows the response of the output voltage to a 500-Hz tracking signal. The tracking signal varies
from 0.3 V to 3 V. In the following plots, the yellow trace is the tracking signal, the pink track is the output
voltage, the blue trace measures the compensation voltage, and the green trace measures the input
current. The input voltage is 12 V in both cases. Note that the output voltage is delayed by 285 ps from
the tracking voltage.

Measure P1:pkpk(C2) P2:fregic2) P3fregicl) Pd--- PS--- PB.---
walue 231V 49554541 Hz 50062181 Hz

status v 4 W

Measuwre P1:pkpk(C2) P2:fregiC2) P3:fregiC1) Pd--- PS--- PB:- - -
valle 238Y 499.53543 Hz 50014387 Hz

status L v A

i 36. Tracking Response, 12-V Input, 10-A Load, 500-Hz Tracking Signal
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3.2.2.6 Frequency Response

This section shows the gain and phase margin for a 10-A output with the input voltage setto 9V, 12 V, or
16 V and the output voltage set to 16 V, 24 V, 30 V, or 40 V.
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100 1k 10 k 100 k
[ |
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K 37. 9-V Input, 16-V Output, 10-A load: 43.56-Degree Phase Margin, —9.78-dB Gain Margin
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38. 9-V Input, 24-V Output, 10-A Load: 46.83-Degree Phase Margin, —10.04-dB Gain Margin
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A 39. 9-V Input, 30-V Output, 10-A Load: 48.94-Degree Phase Margin, —10.36-dB Gain Margin
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40. 9-V Input, 40-V Output, 10-A Load: 51.51-Degree Phase Margin, —10.89-dB Gain Margin
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K 41. 12-V Input, 16-V Output, 10-A load: 45.6-Degree Phase Margin, —11.26-dB Gain Margin
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42. 12-V Input, 24-V Output, 10-A Load: 49.29-Degree Phase Margin, —12.204-dB Gain Margin
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& 43. 12-V Input, 30-V Output, 10-A Load: 52.69-Degree Phase Margin, —12.59-dB Gain Margin
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A 44. 12-V Input, 40-V Output, 10-A Load: 56.18-Degree Phase Margin, —12.89-dB Gain Margin
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& 45. 16-V Input, 24-V Output, 10-A Load: 49.49-Degree Phase Margin, —13.53-dB Gain Margin
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A 46. 16-V Input, 30-V Output, 10-A Load: 53.51-Degree Phase Margin, —14.29-dB Gain Margin
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& 47. 16-V Input, 40-V Output, 10-A Load: 59.57-Degree Phase Margin, —14.13-dB Gain Margin
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4 Design Files

4.1 Schematics

To download the schematics, see the design files at TIDA-01610.

4.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-01610.

4.3 PCB Layout Recommendations

The PCB is a four-layer board with routing on all four layers. All components are placed on the top layer.
The input caps, current sense resistors R2 and R23, inductors L1 and L2, the synchronous rectifier
transistors, and the output capacitors are placed so that the copper traces are as short as possible and
the current loop from the input capacitor ground to the output capacitor ground is short. Multiple large vias
are used to ensure low impedance where high current nets change layers on the PCB. The switch
transistors also form a short path from the input inductor to ground between the input and output
capacitors. Because the LM25122-Q1 boost controllers are not in the high current path, they are placed
away from the main current loop. All high current paths have large copper areas to minimize impedance.

Vour iS connected to the output filter on this layer.
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K 48. PCB Top Layer
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K 49. PCB Layer 2

On layer 2, HOL1 is routed next to the part of SW1 that connects from U1 to Q1 and Q2, and HO2 and
SW2 are routed in a similar manner from U2 to Q5 and Q6. LO1 and LO 2 are also routed on this layer.
The large copper pour on this layer is ground.
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& 50. PCB Layer 3

PCB layer 3 contains the signals shared by U1 and U2. The pairs of nets toward the top are the Kelvin
connections from current sense resistors R2 and R23. One connection in each pair is connected to V.
The vias for these connections fall inside of a V,y plane that is on the bottom layer. Because of this,
cutouts are placed around the four vias so that they do not connect to the plane. If they did, the current
measurement would not be accurate due to the voltage not being sensed right at the resistors. Most of
layer 3 is ground. The bottom has a plane for V, a plane for net C1-1 (which is the connection point of
the two output phases), and a ground plane.
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51. PCB Bottom Layer

4.3.1 Layout Prints
To download the layer plots, see the design files at TIDA-01610.

4.4  Altium Project Files
To download the Altium project files, see the design files at TIDA-01610.

4.5 Gerber Files
To download the Gerber files, see the design files at TIDA-01610.

4.6 Assembly Drawings

To download the assembly drawings, see the design files at TIDA-01610.
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