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1. Design Specifications
Vin Minimum 3.5V
Vin Maximum 10V
Vin Nominal 3.6V or 7.2V (Depending on Single or Dual Li ion
Battery)
Vout 12vDC
lout 2.5A
Switching Frequency(SMPS) 300KHz
Audio Amplifier Total Power 30W

Audio Amp Output

15W +15W Stereo(on 4 ohm BTL) or 30W Woofer
(on 2 ohm PBTL)

Audio Amp Input

Stereo Inputs. Processing for Woofer Amp Built-in

Li ion Battery Charger —Charge Current

2A max (Adjustable through Resistance)

Li ion Battery Charger —Input Current Limit

2A

2. Circuit Description

PMP9491 is a 30W Audio Boom Box Design which can be used in 15W +15W Stereo or 30W Woofer
Applications. The design is broadly divided into four main stages:

1. Single-Phase Non Synchronous Boost Converter using the LM3481 controller IC. The design accepts
an input voltage of 3.3Vin to 10Vin (7.2 VIN Nominal) and provides an output of 12V capable of

supplying 2.5A of continuous current to the load.

2. 15W + 15W Stereo Audio Amplifier with TPA3130D2 Class D device.

3. BQ24133- Switch-Mode Li-lon and Li-Polymer Stand-Alone Battery Charger with Integrated MOSFETSs
and Power Path Selector capable of Charging 1-3 Cells at 2A.

4. Stereo Inputs to Woofer Bass Input Conversion.
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3. PMP9491 Board Photos
Board Dimensions: 5750mil *4970mil
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Board Photo (Top)
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Board Photo (Bottom)
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4. DC/DC Boost Test Results

4.1 Thermal Data

21.0

01/19/2015 16:38:00

IR thermal image taken at steady state with 4.8 Vin and 12V@ 2.5 A load (no airflow)-Boost only
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4.2 Efficiency

4.2.1 Efficiency Chart

Efficiency at Various Input Voltages
100
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85 y
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50
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Output Current(A)
7 01/15/2015




I3 TEXAS
INSTRUMENTS

Test Report PMP9491

4.2.2 Efficiency Data

Vin(V) lin(A) Vout(V) | lout(A) | Efficiency(%)
3.203 0.01| 12.029 0 0
3.203 0.795 | 12.013 0.18 84.918
3.203 1.8 12.01 0.44 91.657
3.203 2.79 | 12.009 0.68 91.381
3.203 3.8 | 12.008 0.94 92.738
3.203 4815 | 12.007 1.18 91.868
3.203 5.86 | 12.006 1.44 92.11
3.203 6.925 | 12.006 1.68 90.935
3.203 8| 12.005 1.94 90.89
3.202 9.095 | 12.004 2.18 89.858
3.203 10.19 | 12.003 2.44 89.732

Vin(V) lin(A) Vout(V) | lout(A) | Efficiency(%)
4.504 0.01 | 12.026 0 0
4.503 0.575 | 12.013 0.18 83.513
4.503 1.285 | 12.008 0.44 91.31
4.503 1.995 | 12.007 0.68 90.886
4.503 2.695 | 12.006 0.94 92.996
4.503 3.405 | 12.006 1.2 93.964
4.503 411 | 12.005 1.44 93.407
4.503 4.82 | 12.004 1.7 94.021
4.503 554 | 12.004 1.94 93.35
4.503 6.265 | 12.003 2.2 93.603
4.503 6.985 | 12.003 2.44 93.113
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Vin(V) lin(A) Vout(V) | lout(A) | Efficiency(%)
6.003 0.005 | 12.026 0 0
6.003 0.43 | 12.017 0.18 83.798
6.003 0.96 | 12.012 0.44 91.712
6.003 15 12.01 0.68 90.697
6.003 2.02 | 12.009 0.94 93.093
6.003 2.545 | 12.008 1.18 92.746
6.003 3.065 | 12.008 1.44 93.98
6.003 3.59 | 12.007 1.68 93.601
6.003 412 | 12.007 1.94 94.183
6.003 4.65 | 12.006 2.2 94.624
6.003 5.18 | 12.006 2.44 94.208
Vin(V) lin(A) Vout(V) | lout(A) | Efficiency(%)
7.202 0.005 | 12.025 0 0
7.201 0.36 | 12.018 0.2 92.719
7.202 0.8 | 12.015 0.44 91.756
7.202 1.24 | 12.013 0.68 91.471
7.202 1.68 | 12.011 0.94 93.314
7.202 2.115 12.01 1.2 94.615
7.202 2.55 12.01 1.44 94.17
7.202 2.985 | 12.009 1.7 94.964
7.202 3.42 | 12.009 1.94 94.587
7.201 3.855 | 12.008 2.2 95.165
7.201 4.295 | 12.008 2.44 94.734
Vin(V) lin(A) Vout(V) | lout(A) | Efficiency(%)
8.402 0.005 | 12.026 0 0
8.402 03| 12.024 0.18 85.865
8.402 0.685 | 12.017 0.44 91.87
8.402 1.06 | 12.015 0.68 91.737
8.402 1.43 | 12.014 0.94 93.993
8.402 1.805 | 12.013 1.2 95.055
8.402 2.175 | 12.013 1.44 94.661
8.402 255 | 12.012 1.7 95.311
8.402 292 | 12.011 1.94 94.976
8.402 3.29 | 12.011 2.2 95.592
8.402 3.66 | 12.011 2.44 95.303
9 01/15/2015
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4.3 Waveforms

4.3.1 Load Transient Response

o]
i
F
Measure F1:freqiC3) P2--- P3--- Pa--- Fa--- FPE---
walue Q9 954203 Hz

Load Transient Response at 3.5Vin and 40%-t0-100% (1A-to-2.5A) Load Step

C4- lout

C3- Vout(AC coupled)
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m M AN A
4
gl
Measure P1:fregqiC3) pP2--- : F3--- F4--- F&--- FE:- - -
value 11.260503110 kHz
status f

1.00 in
1.000 & ofst

Load Transient Response at 6Vin and 40%-t0-100% (1A-to-2.5A) Load Step

C4- lout

C3- Vout(AC coupled)
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Measure P1:fregqiC3) pP2--- : F3--- F4--- F&--- FE:- - -
walue 17.0677007 kHz
status R

1.00 in
1.000 & ofst

Load Transient Response at 9Vin and 40%-t0-100% (1A-to-2.5A) Load Step

C4- lout

C3- Vout(AC coupled)
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4.3.2 Startup

c1

L EN

Measure F1:freqiC3) P2--- P3--- Pa--- Fa--- FPE---

walue
status

Startup into No Load at 3.5Vin
C1-Vin

C2-Vout
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c2 H
Measure P1:freg(C3) p2--- : P3--- Pa--- P&--- FE- - -
walue
status il

Startup into Load(2.5A) at 3.5Vin
C1-Vin

C2-Vout

14
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JP ki il
. e
p2--- : F3- Pa:--- P& -- PE:---

Measure F1:freqiC3)

Startup into No Load at 6 Vin
C1-Vin

C2-Vout

15

01/15/2015



13 TEXAS

INSTRUMENTS Test Report PMP9491
S
i ]
'W_ N iRt il

o ) o
Measure P1:freg(C3) p2--- : P3--- Pa--- P&--- FE- - -
walue
status il

Startup into No Load at 9 Vin
C1-Vin

C2-Vout

16
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Ci

cZ

Measure F1:freqiC3) P2--- P3--- Pa--- Fa--- FPE---
walue
status il

Startup into Load(2.5A) at 9 Vin
C1- Vin

C2-Vout

17 01/15/2015



I3 TEXAS
INSTRUMENTS Test Report PMP9491

4.3.3 Output Voltage Ripple and Switch Node Voltage

|:1J | r—J

B e e o i e i el e L

Measure F1:freqiC3) P2--- P3--- Pa--- Fa--- FPE---
value 1.182318635 MHz
status i

200 iy
-400.0 ]

C1 - Switch Node Voltage and Ch3-Output Voltage Ripple at 3.5Vin and 2.5A Load
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Ci

C3 b

Measure F1:freqiC3) P2--- P3--- Pa--- Fa--- FPE---
walue 125.00000 MHz
status i

200 mdiv
-400.0 mi|

C1 - Switch Node Voltage and Ch3-Output Voltage Ripple at 6Vin and 2.5A Load
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o fd | L | A I

c3 ™Y k h b k i [ k Y &
B &y S e B Pt A oo M) o MR o MR e A o

F
Measure F1:freqiC3) P2--- P3--- Pa--- Fa--- FPE---
walue 407 BB kHz

status .
200 mdiv
-400.0 mi|

C1 - Switch Node Voltage and Ch3-Output Voltage Ripple at 9Vin and 2.5A Load

imehase

0.0 ps| [ Trigger
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5. Audio Power Amplifier’'s Test Result and Jumper Connections

The entire test on Audio Amplifier was done with 5V input on DC/DC boost converter (output 12V). The
results particularly THD Vs Power reveal that Audio performance remains excellent.

5.1 Jumper Connections

A
- L
. so x|
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TiE e RIP
PEOOEARH T 2 o
1‘;&: ; E’ FLlam
[ L:n = L PR A
Tog L) i
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ﬁun = =l
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cm 14
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a1 ————— e
e [] o] saaz
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e —
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BTL — Stereo Amplifier Jumpers Position:

Place jumper on J3, remove Jumper on J5, Place Jumper in Position 1-2 on J7, Place Jumper in position
2-3 0on J8 and place Jumper in position 2-3 on J12.

PBTL — Woofer Amplifier Jumpers Position:

Remove jumper on J3, place Jumper on J5, Place Jumper in Position 2-3 on J7, Place Jumper in position
1-2 on J8 and place Jumper in position 1-2 on J12.

Connect J9 and J10, Connect J11 and J12 and place 2 Ohm Load across it for testing in PBTL mode

Simple Second order Low Pass Active filters is used in the design for extracting only Low frequency input
for Woofer application.
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5.2 BTL: Stereo Waveforms

5.2.1 Input /Output Audio

\WAWAWAWA' /\'/\'/\f\'/\'/éiﬁ\f\'/\f,\'/\'/,\'/\f,\'/\'/
| | | VVVVVVV

M.
VVVVVVVVVVIVIVV VNV
T |
Measure F1:rmsimath) P2:rmsic1) : F3--- F4:--- Fa--- FE:- - -
walue TEIV 398 myv
v v

status

e yative
Wi= 991.00ps A= -980.20ps
Wi= 800 ns 1iAx= -1.00990 kHz

-CH4 seen by the 4 Ohm Load

CH4- Out L+ , CH3- Out L-, CH1-Input L ,Math- CH3

Input -400mV RMS 1 KHz Signal (Gain 26dB)
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5.2.2 All output Audio Signals

A A DNANANNNNNSNAADNNLNADN
VIV VVVVVVVVRNVNVVVVVVVV

[

Measure P1.rmsiMath) P2--- P3---
walue TI0

status W

Pa--- P&~ -- PB- - -

¥1= 991.00 ps - 0ps
¥I=  BO00RS 1iAX= -1.00880 kHz

CH1- OutL+ , CH2- OutL-, CH3- Out R+, CH4- Out R-, Math- CH3-CH4 seen by the 4 Ohm Load

Input -400mV RMS 1 KHz Signal (Gain-26 dB)

24 01/15/2015
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5.2.3 THD Vs Power: BTL mode

Audio Precision

10 e
Ay
7
5
2
1
05
02
01 > 2,
— —_—
o
0.05 —~——
 — — =
001 ‘ ! ‘
0.005
0.002
0.001
0.0005
0.0002
0.0001
10m 20m 50m 100m 200m 500m 10 20
w
Sweep Trace Color Line Style Thick Data Axis  Comment
1 b Red Solid 3 AnlrTHD+M Ratio  Left  1KHz Right Channel
1 3 Cyan Solid 3 AnirTHD+M Ratio  Left 1 KHz Left Channel
2 1 Magenta Solid 3 AnlrTHD+M Ratia  Left 6 KHz Right Channel
2 3 Green Solid 3 AnlrTHD+M Ratio  Left 6 KHz Left Channel
k] 1 Blue Solid 3 Anlr.THD+M Ratic  Left 18 KHz Right Channel
3 3 Yellow Solid 3 Anlr THD+M Ratio  Left 18 KHz Left Channel

A-A THD+N vs FREQUENCY

01/19/15 11:11:54

last at27?
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5.2.4 THD Vs Frequency: BTL mode

Audio Precision A-A THD+N vs FREQUENCY 01/19/15 11:38:39
10 —
FHAH
2
1
0.5
0.2 pornt
0.1 g .
0.05 == / ¢
o i — I | il
0.02 = =) o) i o e 'L
e —
0.01
0.004
0.002
0.001
0.0005
0.0002
0.0001
20 50 100 200 500 1k 2k Ak 10k 20k
Hz
Sweep Trace Color Line Style Thick Data Axis  Comment
1 1 Red Solid 3 Anlr THD+M Ratio  Left THDVsFreg 5W Right Channel
1 2 Cyan Solid 3 Anlr THD+M Ratio  Left  THDVsFreg SW Left Channel
2 1 Magenta Solid 3 Anlr THD+M Ratio  Left  THDVsFreg 13W Right Channel
2 2 Green Solid 3 Anlr, THD+MN Ratio  Left  THDV=Freq 13W Left Channel

last.at27
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5.3 PBTL: Woofer Waveforms

5.3.1 Input /Output Audio Signals

A

000000000000001‘*’ ' 0000000000

&

LA AL AAN, S
NN Y Y Y

&

Measure P1.rmsiMath) PZirms(c1) P3--- Pa--- Pa--- PE---
walue TATY T0
status W W'

W= 9.4208ms .'5.}{= -13.0724ms
Wi= -3E9168ms 1AK=  -TE.497 Hz

CH1- Out W+(L+ and L- Connected together) , CH2- Out W-(R+ and R- Connected together) , CH3- Input
Audio Signal, Math- CH1-CH2 seen by the 2 Ohm Load

Input -300mV RMS 75Hz Signal (26dB gain)
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AN DAL DA AN AANAWANAWAY
VNV VVVVVVUWVWVVVVVVVVA

Measure P1.rmsiMath) PZirms(c1) P3--- Pa--- Pa--- PE---
walue B.23 G710
v W

status

Hi= 1528 s 1A= -96.835Hz

CH1- Out W+(L+ and L- Connected together) , CH2- Out W-(R+ and R- Connected together) , CH3- Input
Audio Signal, Math- CH1-CH2 seen by the 2 Ohm Load

Input -300mV RMS 100Hz Signal (26dB gain)
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“AARAAAAAAPAASASLEANANRANAA AT
VVV VYV VIV

VAV AV VIV
n I
F 3
Measure P1.rmsiMath) PZirms(c1) P3--- Pa--- Pa--- PE---
walue 402 G334

El_im-' Ht‘_
¥l= B186Ems Ax= -B.A544ms
Wiz -497Aps Tide= 180277 HZ

CH1- Out W+(L+ and L- Connected together) , CH2- Out W-(R+ and R- Connected together) , CH3- Input

Audio Signal, Math- CH1-CH2 seen by the 2 Ohm Load

Input -300mV RMS 150Hz Signal (26dB gain)
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_l
AN AANNAAAAIEINAAAAAAANAAAANNAN
VVVVIVVVVVVV VIV V VNV V]
Measure P1.rmsiMath) PZirms(c1) ° P3--- Pa--- Pa--- PE---

walue 273 B.20%

Wl= B156Bms AX= -4.0974ms
W2= 11644 ms 1AK= -200.30 Hz

CH1- Out W+(L+ and L- Connected together) , CH2- Out W-(R+ and R- Connected together) , CH3- Input
Audio Signal, Math- CH1-CH2 seen by the 2 Ohm Load

Input -300mV RMS 200 Hz Signal (26dB gain)
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TR !
1| T

| | |
h‘h. | T T T | U <n7 il U T
[ ﬁf I+
. |. S
&
Measure P1.rmsiMath) PZirms(c1) P3--- Pa--- Pa--- PE---
walue 222 mv .11

imebase 0.00ms||Trigger [EIEE

2.00rr Auta ]

Edge  Meg
Ki=  -31040ps  &¥= -3.34120ms
KI= -365160ms 1/&x= -299.294 Hz

CH1- Out W+(L+ and L- Connected together) , CH2- Out W-(R+ and R- Connected together) , CH3- Input

Audio Signal, Math- CH1-CH2 seen by the 2 Ohm Load

Input -300mV RMS 2000 Hz Signal (out of Woofer Range)

31
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5.3.2 THD Vs Power: PBTL into 2 Ohm

Audio Precision A-A THD+N vs FREQUENCY 01/19/15 12:09:03

10 =
5 =07

0.2
0.1
0.05

%
0.02

0.01
0.005

0.002
0.001
0.0005

0.0002
0.0001

60m  100m 200m 500m 1 2 5 10 20 30

Sweep Trace Color Line Style Thick Data Axis  Comment

1 1 Red Solid 3 AnlrTHD+M Ratio  Left PBTL_60Hz
2 1 Cyan Solid 3 Anlr.THD+M Ratio  Left PBTL_85Hz
3 1 Magenta__ Solid 3 Anlr THD+M Ratio__Left_ PBTL _120Hz

last.at27
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6. Lithium Battery Charger’s Test Result and Jumper Connections

All the testing was done with 9V adapter and 2 Cells in Series Li ion Batteries

6.1 Jumper Connections

capiTIIIaT CapTIII0Z
az a3z ,
m3E
ol o L1 o
Sealdl a7 T a7 [dl=s% ooz
12, E 12
| oSz ——wea¥ sam
1 & [ 4 7 E
| o ]
£7000F DT n 'z
css
L )
=
LN
A5 e
4% 402K
mag
4020 —T—ﬁs T
I~
ASHE
==0 T
- Lo o2
0pF
H VHEF Rz i ﬁ
= L Loz 4
= — creen
ALHL ALKD
7 Su=
bl | d T
L4
D
BATSAC-T-F

S50 RE1
R 10.0x

1. Single Cell Charging — a) Connect a Jumper in position 2-3 in J14
b) Remove D4 and short 1-3 position of diode + Replace R53 with 5 ohm

Dual Cells in Series Charging — a) Keep J14 Floating ie No Jumper in J14
The Default state is for 2 Cells in Series Charging with 9V Adapter.

2. Charge Enable -Put Jumper on J15 to start the Charging
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6.2 Charging Current and Switch Waveform
TU( [ [ I [ luf [ 1,
: Pa:--- P& -- PE:---

Measure F1:freqiC3) P2--- P3---

C4- Charging Current

C1- Switch Waveform of BQ24133 Battery Charger
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6.3 Transition on Vsystem between Vinput and Battery Voltage

" \ [{ ‘
Lu- " - " ..—J

Measure F1:freqiC3) P2--- P3--- Pa--- Fa--- FPE---
walue

imebase 0me| | Trigger
top

Edge [E

C2- Vsystem (Voltage Seen by the System)
C1- Input Voltage to the Battery Charger from Adapter
C4-Battery Voltage

When Input Voltage fails Battery Voltage took over to provide the Back up.

e E
T i E il iy
58 os o
'FJ_ _an = T s el
CESDES31002 (=]
1 F -’—| P
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B aNo F GND [
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= = ]
AGHD
s
s "
e el E
—— ] Lo = "‘I TETL LI " pren
L] ALDRY oW .' BRF_P ERF_N T E . J13
I - H 11| o - Emi
LF2I0CZERIRIM
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