o~ _.
UG_1811 PL8S_1812 191445 (Infineon

IRAUDAMP23

500 W x 2 channel constant voltage Class D audio amplifier using the
IRS2452AM

-01pn

>

eqimog % i
_Lﬂ 5|7 :

About this document

Scope and purpose

The IRAUDAMP23 evaluation board is a two-channel, 500 W/ch (100 Vrms, 20 Q at +148.3 V) half-bridge Class D
audio power amplifier for high impedance distribution system. This evaluation board demonstrates how to use
the IRS2452AM controller IC, implement protection circuits, and design an optimum PCB layout.

Applications
e Constant voltage distribution system
e Installation system
e Paging system
Features
e QOutput power:
e 500 W x 2 channel (1% THD+N, 100 Vrms or 70 Vrms)
e Multiple protection features:
- Over-current protection (OCP), high side and low side FETs
- Over-voltage protection (OVP)
- Under-voltage protection (UVP), high side and low side FETs
- Over-temperature protection (OTP)
e PWM modulator:
- Self-oscillating half bridge topology with otional clock synchronization

Application Note Please read the Important Notice and Warnings at the end of this document V1.0
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Specifications

1 Specifications
Table1 General test conditions

Conditions Notes/conditions
+80 V~+180V Bipolar power supply

Supply voltages Nominal bipolar power supply for 100 Vrms
+148.3V
£101V Nominal bipolar power supply for 70 Vrms

Rated load impedance 200 Resistive load

Self-oscillating frequency 325 kHz No input signal, Adjustable

Voltage gain 37.5dB

Table 2 Electrical data

Data Typical \ Notes/conditions

Infineon devices used IRS2452AM integrated Class D IC

Modulator Self-oscillating, second order sigma-delta modulation, analog input

outout CHL-2: (1% THD+N) 500 W 1 kHz, 100 Vrms, Ri=20 O

HEpUT poWer AL~ 1% 250 W* 1kHz, 70 Vrms, R=19.5Q
600 W 1 kHz, 100 Vrms, Ri=20 Q
) () + ) )
Output power CH1-2: (10% THD+N) 30 W 1 KHz, 70 Vrms, Ri=19.5 O
. 200 100 Vrms ouput

Rated load impedance 1950 70 Vrms ouput

Idling supply current +80 mA No input signal, +/-148.3V

THD+N 0.01% @ 1 kHz, 100 W, 20 Q

Resi -

esidualnoise _ 280 pVrms IHF-A weighted, AES-17 filter
Signal to noise ratio 110dB

*Replace output FETs with IPP60R120C7 for 70 Vrms output
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Connection setup
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2 Connection setup
+ 80V~+ 160V, 5A DC
Supply
Load Load
DC Supply Pa P5 B '
Supply
k] |
Bs2
Bs CN1
Audio Signal Generator
Figure 1 Typical test set-up
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Connector description

3 Connector description

Table3 Connector description
CH1IN CN1 Analog input for CH1
CH2IN CN1 Analog input for CH2
POWER P1 Positive and negative supply (+B/-B)
POWER P4 Housekeeping supply (VCC)
POWER P5 Housekeeping supply (VAA,VSS)
CH10UT P2 Output for CH1
CH20UT P3 Output for CH2
RESET S1 On/off switch
PHASE S2 Channel in/out phase switch
EXT CLK S3 External clock sync

Audio precision-setup:

IRAUDAMP23 and Audio Precision shall be connected according to the figure below:
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A B Audia Pracision A B
~—+—)  ——— Bal inputs
Gen +{:) +
A B
Bal input Bal input
+Q - +0 -0 +0-0 -©
ABal cmxputB

AUX-0025 filter

+ 80V~+ 160V, 5A DC
Supply

Load Load

i
- .

M- d

%] |
Bs2

.Sl CN1

Figure 2 Example figure
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Test procedures

4 Test procedures

Test setup:

1. Connect20Q-250 W dummy loads to the output connectors (P2, P3 as shown on figure 1).

2. Connect the Audio Precision analyzer (AP) signal generator output to CN1. Use Balanced connection
with Zout <20 Q.

3. Initially set the voltages of the dual power supplies to +160 V with current limits (CL) to 0.3 A. Set the
second external power supplies to 20 V w/ CL of 60 mA, and third dual power supply to +20 V w/ CL of 60
mA.

4, Connect the 20 V power supply to P4=Vcc ext,-B, and £20 V dual power supply to P5 =Vaa, Gnd, Vss.

Connect the power to P1=+B, Gnd, -B (160 V, current limit: 300 mA).

6. Make sure switch S1isin the OFF position.

o

Power-up sequence:

1. Turnonthe 20V power supply, then turn on the £20 V power supply at the same time, lastly turn on the
+160 V power supply at the same time.

2. Flip S1 switch to the ON position.

The power supply should read £160 V and +70 mA (5 mA), -70 mA (+ 5 mA).

4. BlueLED’s light up (normal) when all power supplies are on.

w

Functionality audio tests:

With AP no filter (>500 kHz), monitor the channel’s switching frequency on the AP’s analog analyzer.
Set S3 to self (self-oscillating) position.

Adjust VR1A and VR1B on the board to self-oscillating frequency of 325 kHz + 15 kHz.

Set AP’s analog analyzer to 20 kHz AES1T filter.

Connect audio signal from AP to CN1.

Sweep the audio signal voltage from 15 mVzus to 2 Vgus.

Use the balanced-floating signal from the generator outputs (AP).

Use the balanced inputs taken across output terminals, P2 and P3.

Connect AP frame ground to GND at terminal P1.

10 Run AP test as shown in Fig 3 below.

WO NUE WD

External clock function:

1. With AP no filter (>500 kHz), monitor the channel’s switching frequency on the AP’s analog analyzer.
Set S3 to self (self-oscillating) position.
3. AdjustVR1A and VR1B on the board to self-oscillating frequency to 20-30% higher than desired external
clock.
4. Set S3to Ext (external clock) position in order to enable the on board clock oscillator.
a. AdjustVR1 on the board to change the external clock frequency.
5. SetAP’s analog analyzer to 20 kHz AES1T filter.
Connect audio signal from AP to CN1.
7. Sweep the audio signal voltage from 15 mVgus to 2 Vrws.

A

o
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Power-down sequence:

1. Flip S1 switch to the off position.

2. Turn off the £160 V power supply, then turn off the 20 V power supply, lastly turn off £20 V power supply at
the same time.

3. Blue LED’s turn off when housekeeping power supplies are off.
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Figure 3 Power vs. THD+N

Test conditions:

Veus =% 148.3V, input signal = 1 kHz, load impedance = 20 ohms, Fpww = 325 kHz
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AMP23 FR.at27

Figure 4 Frequency response

Test conditions:

Veus = £160V, set output =1 W, load impedance =23 ohms

+20¢ -
+UE Af
20F
A0F
d 60
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-1[][]: 7Y K”’W*‘ oy = ™
120E
-140F
160 F
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Sweep Trace Color Line Style  Thick Data Axis  Comment
1 1 Red Solid Z Fit.Ch.1 Ampl Left
1 2 Blue  Solid 1 Fit.Ch.2 Ampl Left
Figure 5 Noise floor
Test conditions:
Veus =2 160V, load impedance = 23 ohms, no input signal
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Performance and test graphs
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Figure 6 Noise floor with 1 Vius output

Test conditions:

Veus =+ 160V, output =1 Vims @ 1 kHz, load impedance =23 ohms

Application Note 110f22 V1.0
2018-11-

06
Downloaded From | Oneyac.com


https://www.oneyac.com

IRAUDAMP23
500 W x 2 channel constant voltage Class D audio amplifier using the IRS2452AM
Thermal information

6

Infineon

Thermal information

6.1 Peak power duration thermal information

Test conditions:
1 kHz sine wave signal input; both channels driven, Fy,=325 kHz

Table 4 Peak power
1% THD .
L Z D
oad Po (W) uration
>1 min no thermal shutdown at
200 500
Theatsink=100°C

s i P9
74 Analysis |§’-‘ Position | %, 0bj. Par | @) Image | ¥ Text comment w
Label Value [*C] Min Max| Max - Min Avg|  Stdev| Result| Expression Man | Cam |Dev |14 M|
Image 22 1452 1180 |
SPO1 590 Measurement Range
SP02 283 0-350 'CNOF v
AR0L 619 1161 543 1038 91 Noiss Redk
ARD2 61 91 65 848 45 e edchon
ARO3 683 1015 32 20 60 of -
AR 69 1336 697 14 128
AROS 03 w3 7m0 w0 B4 AL
ARDG 56.8 100.0 32 821 142 Int. Image Con.
ARO7 534 107.5 541 86.7 166 .
AR08 614 1452 88 1070 22
AR09 4“7 64.5 198 484 20 9 = +
@ Connected (@ 0 ‘
=
c
=
120- _ =
il /
— __/'/
—— —
—— —
= — —
— o — P
" e e
= —— o —_—
= e
B A
— —
e Bt il
=
il
G
P
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Ll )
7 Label Function | Value Time Cursor | Cursortime | Status -
r n
l__]E]ﬁ [—ARDL  Max 1161  22157402.. NA  Adive
g ﬂ ﬂ Zj_—: ARZ Max 921 z:ztfmoz.n NA - Adive

Figure7

Max temp 145.2°C at 1 minute, room = 27°C (pink: ch2 highside FET, red: ch1 highside FET,
green: ch2 lowside FET, blue: chl lowside FET)
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6.2 Heatsink installation

13.5mm TOP

43 5mm

§11.25mm 10 5mm

—_————

— e e e e e B e
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|
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i
|

| TR T T T

3mm Screw 3mm Screw 3mm Screw 18.6mm

31mm 31mm
1 L 1
| | 1
1 2mm Screw | 2mm Screw | 2mm Screw
1l 16/ LA
6 75mm I_ I I I /
B R I . ~ <-|:D-__ Bottom Side
B.75mm_ 4 |
| | |
le e |
: 43 5mm - 43 5mm I
PARTS:
Description Oty
Thermal Pad BERZ07-MND 4
#4 Shoulder Washer 36-3049-MD 4
3 mm Screw )
2 mm Screw/ w washer 3
Figure 8 Heatsink installation
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Schematic

7 Schematic
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Figure9 Schematic of IRAUDAMP23 Class D audio amplifier featuring IRS2452AM and IPP60R180C7

7.1 MOSFET selection guide
Table 5

MOSFET 70V 100V

IPP60R120C7 500 W 500 W

IPP60OR180C7 250 W 500 W
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8 IRAUDAMP23 Bill of Materials
Table 6
No | Part Number Designator Description Quantity | Vendor
1  HA93-14485-ND C5A, C5B, C9A, C9B, CAP ALUM 0.1 pF 10% 50 V 2 Digikey
C9C, C9D RADIAL
2 1445-7644-1-ND C1 CAP CER 10 pF 16 VX5R 0805 |1 Digikey
3 1445-7706-1-ND C1A CAP CER10 pF25VXTR 1206 |1 Digikey
4  ©A90-1519-1-ND C2 CAP CER 0.1 pF50VX7R 0603 |1 Digikey
5  ©445-15549-1-ND C2A,C2B,C3A,C3B CAP CER 3300 pF 250 V C0G 4 Digikey
0805
6  H445-2327-1-ND C4A, C4B CAP CER 2200 pF 250V COG 2 Digikey
0805
7  1445-9274-1-ND C15A,C15B CAP CER 1000 pF 500 V COG 2 Digikey
1206
8  1490-1512-1-ND C3 CAP CER 10000 pF 50 V X7TR 1 Digikey
0603
9 [399-7981-1-ND C4 CAP CER 100 pF 50 V X7R 1 Digikey
0805
10 1445-7706-1-ND C6,C7,C9,C10,C1A CAP CER10 pF 25V XTR 1206 |5 Digikey
11 1490-3383-1-ND c8 CAPCER10puF16VY5V1206 |1 Digikey
12 445-1382-1-ND C12,C13,C14,C15 CAP CER2.2 uF 25V X7R 1206 |4 Digikey
13 1445-3945-1-ND C10A,C10B CAP CER22 uF 16 VXTR 1210 |2 Digikey
14 1478-1315-1-ND C11A, C11B, C11C, CAP CER 82 pF 50V COG/NPO |4 Digikey
C11D 0805
15 #490-1483-1-ND C12A,C12B, C12C, CAP CER 220 pF 50 V X7R 4 Digikey
C12D 0603
16 ©495-1315-ND C13A,C13B CAP FILM 0.47 uF 5% 400 Vpc | 2 Digikey
RADIAL
18 [565-2731-ND C17A,C17B CAP ALUM 470 uF 20% 200V |2 Digikey
SNAP
19 [1276-3084-1-ND C17C,C17D CAP CER 0.1 uF 250 V X7R 2 Digikey
1206
20 445-2300-1-ND C19A, C19B, C19C, CAP CER 0.1 pF 630V X7TR 4 Digikey
C19D 1812
21 [399-7203-1-ND C20A, C20B CAP CER 47 pF 500V 2 Digikey
COG/NPO0 1206
23 |565-1111-ND C32,C40,C41 CAP ALUM 220 pF 20% 50 V 3 Digikey
RADIAL
24 490-1511-1-ND C62 CAP CER 10000 pF 50 V X7R 1 Digikey
0603
25 [399-15036-1-ND C32A, C32B, C33A, CAP CER 270 pF 500 V 4 Digikey
C33B COG/NPO0 0805
Application Note 150f 22 V1.0
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No | Part Number Designator Description Quantity | Vendor
26 77-2427-ND CN1 TERM BLOCK HDR 6POS 1 Digikey
90DEG 3.5 mm
27 [77-2414-ND CN1 TERM BLOCK PLUG 6POS 1 Digikey
STR3.5mm
29 (CMHOSA(TE12LQM)CT-ND |D1A,D1B,D1C,D1D, DIODE GEN PURP 400V2A 9 Digikey
D2A, D2B, D5, MFLAT
30 [160-1419-1-ND DS1,DS2,DS3 LED BIUE CLEAR 0805 SMD Digikey
31 |[IN4148WDICT-ND D9A, D9B, D10A, D10B DIODE GEN PURP 100V 300 4 Digikey
mA SOD123
32 |MURS360BT3GOSCT-ND D11A,D11B,D12A, DIODE GEN PURP 600V 3 A 4 Digikey
D12B SMB
33 S1G-FDICT-ND D8 DIODE GEN PURP 400V 1A 1 Digikey
SMA
34 ©490-1053-1-ND FB1A, FB1B,FB2A,FB2B | FERRITE BEAD 60 OHM 0805 |4 Digikey
1LN
35 [IRS2452AM IC1 IC CONTROLLER GAN 32 1 Digikey
PQFN
36 |LTC1799CS5#TRMPBFCT- IC2 IC OSC SILICON PROG 1 Digikey
ND TSOT23-5
37 |MC33078PGOS-ND IC3 IC OPAMP GP 16 MHz 8DIP Digikey
38 [TG23A-220M-R L1A,L1B Class D inductor, 22 uH 2 Inductors
Inc.
39 |A98249-ND P1, P5 TERM BLOCK HDR 3POS 2 Digikey
90DEG 5 mm
40 [282805-3-SI-ND P1, P5 TERM BLOCK PLUG 3POS 2 Digikey
90DEG 5 mm
41 |A98248-ND P2, P3, P4 TERM BLOCK HDR 2POS 3 Digikey
90DEG 5 mm
42 |A98241-ND P2, P3, P4 TERM BLOCK PLUG 2POS 3 Digikey
STR5mm
43 MJD340TFCT-ND Q1,Q8 TRANS NPN 300V 0.5ADPAK |2 Digikey
44 MMBTS5551LT1IGOSCT-ND | Q3,Q4 TRANS NPN 160V 0.6 A Digikey
SOT23
45 [ZXTN25100BFHCT-ND Q5A, Q5B,Q7A,Q7B TRANS NPN 100 V3 ASOT23- |4 Digikey
3
46 [ZXTP25100BFHCT-ND Q6A,Q6B, Q8A,Q8B TRANS PNP 100V2 ASOT23- |4 Digikey
3
47 |MJD350TFCT-ND Q9 TRANS PNP 300V 0.5 ADPAK Digikey
48 [IPP60R180C7 Q9A, Q9B, Q10A,Q10B | MOSFET N-CH 600V 13 A 4 Digikey
T0O220-3
49 |RHM100KGCT-ND ROA, ROB, ROC, ROD RES SMD 100 kQ 5% 1/10 W 4 Digikey
0603
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No | Part Number Designator Description Quantity | Vendor
50 |RHM4.7GCT-ND R1, R18A, R18B RESSMD 4.7 Q5% 1/10 W 3 Digikey
0603
51 |RHM4.7KARCT-ND R2,R3 RES SMD 4.7 kQ 5% 1/8 W 2 Digikey
0805
52 |P82.0HCT-ND R2A, R2B RESSMD 820 1% 1/10 W 2 Digikey
0603
53 |P7.5KGTR-ND R3A, R3B RESSMD 7.5 kQ 5% 1/10 W 2 Digikey
0603
54 |RHM100KCRCT-ND R4A, R4B, R23A, R23B RES SMD 100 kQ 1% 1/8 W 4 Digikey
0805
55 1408-1869-1-ND R5, R43, R44 RESSMD 10Q0.5% 1 W 1206 |3 Digikey
56 |RHM10KGCT-ND R1C, R2C, R7A, R7B, RES SMD 10 kQ 5% 1/10 W 14 Digikey
R8A, R8B, R17A, 0603
R17B, R17C, R17D,
R31A, R31B, R53, R62
57 |RMCF0805ZTOROOCT-ND R27, R5A, R5B, R6A, RESSMD 0 Q JUMPER1/8W |7 Digikey
R6B, R25, R26 0805
58 |RMCF1206ZTOROOCT-ND R25A, R25B RES SMD 0 Q JUMPER Va W 2 Digikey
1206
59 |RHM10GCT-ND R6, R7, R8, R10, R14, RESSMD 100 5% 1/10 W 7 Digikey
R15, R22 0603
60 |RMCF0603JT22KOCT-ND R9 RES SMD 22 kQ 5% 1/10 W 1 Digikey
0603
61 |RMCFO0805JT10RODKR-ND | R20,R21,R23, R24 RES SMD 10 Q 5% 1/8 W 0805 | 4 Digikey
62 |P13ACT-ND R9A, R9B, R10A, R10B RES SMD 130 5% 1/8 W 0805 | 4 Digikey
63 |RNCP1206FTD1KOOCT-ND | R26A, R26B RESSMD1kQ 1% 2 W 1206 |2 Digikey
64 |RHM3.3KGCT-ND R11, RES SMD 3.3 kQ 5% 1/10 W 1 Digikey
0603
65 |RG16P2.21KBCT-ND R15A, R15B, R15C, RESSMD 2.21 kQ 5% 1/10W | 4 Digikey
R15D 0603
66 |P7.5KGCT-ND R16A, R16B, R16C, RESSMD 7.5 kQQ 5% 1/10 W 4 Digikey
R16D 0603
67 |PATOECT-ND R16,R17 RES SMD 470 Q5% s W 1206 |2 Digikey
69 Open R13 0 N/A
70 |RHM8.2KCGCT-ND R12 RES SMD 8.2 kQQ 5% 1/10 W 1 Digikey
0603
72  |P5.1ACT-ND R28A, R28B, R29A, RESSMD5.1Q5%1/8 W 4 Digikey
R29B 0805
77 |RMCF1206JT68KOCT-ND R22A, R22B,R40A, R40B | RES SMD 68 kQ 5% 2 W 1206 |4 Digikey
78 |RHC2512FT4K70CT-ND R24A, R24B RES SMD 4.7 kQ 1% 2 W 2512 Digikey
79 RHM61.9KCLCT-ND R1D, R2D, R30A, R30B RESSMD61.9kQ 1% 1/10W |4 Digikey
0603
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IRAUDAMP23 Bill of Materials

(infineon

No | Part Number Designator Description Quantity | Vendor

80 |RMCF0805JT10KOCT-ND R31 RES SMD 10 kQ2 5% 1/8 W 1 Digikey
0805

81 |RHM4.7KGCT-ND R4, R45, R46 RES SMD 4.7 kQ 5% 1/10 W 3 Digikey
0603

82 RHM47KGCT-ND R50, R54, R55, R57, R58 | RES SMD 47 kQ 5% 1/10 W 5 Digikey
0603

83 |RPC2512JT2R20CT-ND R32A,R32B, R33A,R33B | RESSMD 2.2Q5% 1.5W 4 Digikey
2512

84 |P390KACT-ND R27A, R27B RES SMD 390 kQ) 5% 1/8 W 2 Digikey
0805

85 [317-1318-ND Rpl THERMOSTAT 100DEGCNC |1 Digikey
2SIP

86 [360-1758-ND S1,S2 SWITCH TOGGLE SPDT 0.4 2 Digikey
VA28V

87 [60-2791-ND S3 SWITCH TOGGLE DPDT 0.4 1 Digikey
VA28V

88 [ST32ETA103CT-ND VR1 TRIMMER 10 kQ 0.125W SMD |1 Digikey

89 |ST32ETA201CT-ND VR1A, VR1B TRIMMER 200 Q2 0.125W SMD | 2 Digikey

90 |BZT52C1213-FDICT-ND Z1 DIODE ZENER 12 V 500 mW 1 Digikey
SOD123

91 ||MMSZ5270BT1GOSCT-ND | Z3A,Z3B DIODE ZENER 91V 500 mW 2 Digikey
SOD123

92 MMSZ5267BT1GOSCT-ND | 74, DIODE ZENER 75V 500 mW 1 Digikey
SOD123

94 MMSZ5245BT1GOSCT-ND | 75,76 DIODE ZENER 15V 500 mW 2 Digikey
SOD123

95 ||MMSZ5231BT1GOSCT-ND | Z2,77 DIODE ZENER 5.1V 500 mW 2 Digikey
SOD123

96 |MMSZ4697-E3-08CT-ND Z8A,Z8B DIODE ZENER 10V 500 mW 2 Digikey
SOD123
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PCB specifications

9 PCB specifications

e Two layer SMT PCB with through holes

e 1/16thickness

e 2/00z.Cu

e FR4 material

e 20 millines and spaces

e Solder mask to be green enamel EMP110 DBG (CARAPACE) or Enthone Endplate DSR-3241 or
equivalent

o Silk screen to be white epoxy non conductive per IPC-RB 276 standard

e Allexposed copper must finished with tin-lead Sn 60 or 63 for 100u inches thick

e Tolerance of PCB size shall be 0.010 -0.000 inches

e Tolerance of all holes is -.000 +0.003”

e PCB acceptance criteria as defined for class Il PCB’S standards.

Figure 10 Top layer

Note: Refer to AN1170 for footprint and board mounting details.
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Figure 11 Bottom layer
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IMPORTANT NOTICE

Theinformation contained in this application note is
given as a hint for the implementation of the product
only and shall in no event be regarded as a
description or warranty of a certain functionality,
condition or quality of the product. Before
implementation of the product, the recipient of this
application note must verify any function and other
technical information given herein in the real
application. Infineon Technologies hereby disclaims
any and all warranties and liabilities of any kind
(including without limitation warranties of non-
infringement of intellectual property rights of any
third party) with respect to any and all information
given in this application note.

The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer’s technical departments
to evaluate the suitability of the product for the
intended application and the completeness of the
product information given in this document with
respect to such application.
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For further information on the product, technology
delivery terms and conditions and prices please
contact your nearest Infineon Technologies office
(www.infineon.com).

WARNINGS

Due to technical requirements products may contair
dangerous substances. For information on the type:
in question please contact your nearest Infineor
Technologies office.

Except as otherwise explicitly approved by Infineor
Technologies in a written document signed by
authorized representatives of Infineor
Technologies, Infineon Technologies’ products may
not be used in any applications where a failure of the
product or any consequences of the use thereof car
reasonably be expected to result in personal injury.
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