MA5332MS Infineon

200W Stereo, Integrated Class D Amplifier

Features

e 2channelanalog input Class D audio amplifier in a small 7x7mm package 7% .
e Very low Rpspon) at 24.4 mQ typical, enabling heatsink-less operation at 2x100W at 4Q) @#
e 95% efficiency Class D at 2x200W at 4Q
e Split or single power supply capable

PG- IQFN-42

o Differential or single-ended input

e Multiple configuration options: 2xSE, BTL, PSE (Parallel Single-Ended)

o Over-current, over-temperature and under-voltage protections with self-reset feature 0 RoHS
e Start/stop click noise reduction

e Clip and Fault reporting outputs

Applications

e Multi-channel home theatre system
e Studio monitor

e Active speaker

e Soundbar subwoofer

e Marine amplifier

e Aftermarket car audio system

e General-purpose audio power amplifier

Total Harmonic Distortion

Product validation

Qualified for standard applications according to the Outpower(W)
relevant tests of J-STD-020 and JESD22.

Product type Package

MA5332MS 7X7Tmm PG- IQFN-42

Description

The MA5332MS offers the same or higher output power than monolithic alternatives without heatsink and 50%
less footprint. This MCM (multi-chip module) solution integrates 2 channel PWM controller, high voltage gate
driver, and 4 low Rpson) MOSFETSs. Like its predecessor, IR43x2M, it includes standard Class D protection
features for reliable operation over various environmental conditions. As a powerful upgrade to IR43x2M and
other monolithic solutions, MA5332MS’ 7x7 mm PG- IQFN-42 package showcases the benefit of small footprint,
high power density, and heatsink-less operation.

Topology Half-bridge / Full bridge

MA5332MS Output power (Half- 150Win2Q/300Win4Q

bridge, THD+N=10%, typical) 200Win4Q/400Win8Q
160Win6Q

*Residual noise (AES-17, IHF-A, typical) 250 uvVrms

*THD+N (1kHz, 7T0W, 4 Q, typical) 0.01%

*In a typical application
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1 Qualification information
Qualification Level (1) Standard (2)

Qualified for standard applications according to the relevant tests
of J-STD-020 and JESD22

Moisture Sensitivity Level (MSL) (3) | MSL3
(per IPC/JEDEC J-STD-020)

ESD Charge Device Class C2a
Model (per JEDEC standard JS-002)
Human Body Class 1B
Model (per JEDEC standard JS-001)
IC Latch-Up Test Class |, Level A
(per JESDT8)
RoHS Compliant Yes
Note:

1. Qualification standards can be found at Infineon’s web site http.//www.infineon.com

2. Higher qualification ratings may be available should the user have such requirements. Please contact your
International Rectifier sales representative for further information.

3. Higher MSL ratings may be available for the specific package types listed here. Please contact your International
Rectifier sales representative for further information.
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2 Device Comparison Table
Table1

Device Name Description
MA5332MS 200W (4 Q)*2 channel integrated analog input Class D audio Amplifier
IR4302M 130W (4 Q)*2 channel integrated analog input Class D audio Amplifier
IR4322M 100W (2 Q)*2 channel integrated analog input Class D audio Amplifier
IR4312M 35W (4 Q)*2 channel integrated analog input Class D audio Amplifier
IR4301M 160W (4 Q) single-channel integrated analog input Class D audio Amplifier
IR4321M 135W (2 Q) single-channel integrated analog input Class D audio Amplifier
IR4311M 35W (4 Q) single-channel integrated analog input Class D audio Amplifier

Datasheet 5of 59 V2.0
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3 Pin Configuration
3.1 Lead assignments
..... 23 18
------ 22 19
[} fl Bl el Gt el BE fel fof Gl ful ol
Figure 1  Lead assignments
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3.2 Lead definitions
Pin# | Symbol Description
1 CLIP Clipping detection output, open drain, referenced to GND
2 COMP2 CH2 PWM comparator input
3 IN-2 CH2 Analog inverting input
4 IN+2 CH2 Analog non-inverting input
5 GND GND for internal shunt zener diodes to VAA and VSS, a reference to FAULT and CLIP
outputs.
6 VSS Floating input negative supply
7 VAA Floating input positive supply
8 IN+1 CH1 Analog non-inverting input
9 IN-1 CH1 Analog inverting input
10 COMP1 CH1 PWM comparator input
11 CSD Shutdown timing capacitor / shutdown input
12 FAULT Fault reporting output, open drain, referenced to GND
13 VCC Low side supply
14 CcoM Low side supply return, internally connected to pin 27
15 CSH1 CH1 High side over current sensing input, referenced to VS1
16 VB1 CH1 High side floating supply
17 VS1 CH1 PWM output, internally connected to pin 19
18 VP1 CH1 Positive power supply
19 VS1 CH1 PWM output
20 VN1 CH1 Negative power supply, connect to COM externally
21 VN2 CH2 Negative power supply, connect to COM externally
22 VS2 CH2 PWM output, internally connected to pin 24
23 VP2 CH2 Positive power supply
24 VS2 CH2 PWM output
25 VB2 CH2 High side floating supply
26 CSH2 CH2 High side over current sensing input, referenced to VS2
27 COM Low side supply return, internally connected to pin 14
28 NC
Datasheet 70of59 V2.0
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4

4.1

Absolute Maximum Ratings indicate sustained limits beyond which damage to the device may occur. All

Specifications

Absolute maximum ratings

(infineon

voltage parameters are absolute voltages referenced to COM=VN1=VN2; all currents are defined positive into
any lead. The Thermal Resistance and Power Dissipation ratings are measured under board mounted and still
air conditions.

Symbol | Definition Min Max Units
Ven Positive power supply rail voltage, n=1-2 - 100
Ven High side floating supply voltage -0.3 115
Vsn High side floating supply voltage®, n=1-2 Ven-15 Vea+0.3
Vestn CSH pin input voltage, n=1-2 Vsn-0.3 Ve +0.3
Vee Low side supply voltage® -0.3 15
Var Floating input positive supply voltage" -0.3 110
Vss Floating input negative supply voltage®” -1 GND 40.3
(See lssz)

Vinen Floating input supply ground voltage , n=1-2 Vss-0.3 Vam +0.3
linn Input current between IN- and IN+ pins™, n=1-2 - +3 mA
Vesp CSD pin input voltage Vss-0.3 Va +0.3
Vecompn COMP pin input voltage, n=1-2 Vss-0.3 Vm +0.3 Y
Veur CLIP pin input voltage GND-0.3 Vam +0.3
leup CLIP pin sinking current - 5 mA
VeauLt FAULT pininput voltage GND-0.3 Van +0.3 V
lrauLt FAULT pin sinking current - 5
laaz Floating input supply zener clamp current® - 20
Issz Floating input negative supply zener clamp current® - 20 mA
lecz Low side supply zener clamp current® - 20
Igszn Floating supply zener clamp current?, n=1-2 - 20
dVsa/dt | Allowable Vs voltage slew rate, n=1-2 - 50 V/ns
dVss/dt | Allowable Vss voltage slew rate® - 50 V/ms
Ideasc | Continuous output current, from VPn to VSn, VSn to VNn, ) 16

V=10V, Vgn-Vsn=10V
Ide1oec | Continuous output current, from VPn to VSn, VSn to VNn, ) 10 A

V=10V, Ven-Vsn=10V
Iom Pulsed output current, from VPn to VSn, VSn to VNn, V=10V,

Ven-Vsy=10V*® ) 64
Pd Power dissipation’@ Tc= 25°C - 25 W
Rthyc Thermal resistance, junction to case'” - 5 °C/W
Toc Control IC junction temperature - 150 oc
Torer FET junction temperature - 150
Datasheet 8 of 59 V2.0
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Ts Storage Temperature -55 150
T, Lead temperature (Soldering, 10 seconds) - 300
Note:

1. IN-and IN+ contain clamping diodes between the two pins.

2. Van-Vss, Vcc-COM and VBn-VSn contain internal shunt zener diodes. Note that the voltage ratings of these can be limited by
the clamping current.

3. For therising and falling edges of step signal of 10V. Vss=15V to 100V.
4. Per MOSFET.
5. Repetitive rating, pulse width limited by maximum junction temperature.

4.2 Recommended operating conditions

For proper operation, the device should be used within the recommended conditions below. The Vss and Vsn
offset ratings are tested with supplies biased at COM=VN1=VN2, Va-Vss=9.6V, V=12V and Vg.-Vs,=12V. All
voltage parameters are absolute voltages referenced to COM; all currents are defined positive into any lead.

Symbol | Definition Min Max Units
P05|tlye power supply voltage, n=1-2, without MA5332MS | - 60
y heatsink
Pn . 1o
P05|tlye power supply voltage, n=1-2, with MA5332MS | - 80
heatsink
Ven High side floating supply absolute voltage, n=1-2 Vsn +10 Vs +14 v
Vsn High side floating supply offset voltage, n=1-2 ‘ MA5332MS | © 100
Van Floating input positive supply voltage" Vss+9.0 | Vss+9.8
Vss Floating input negative supply voltage"” ‘ MA5332MS | 0 100
Iaaz Floating input supply zener clamp current" 1 15 mA
lssz Floating input negative supply zener clamp current"” 1 15
Vee Low side fixed supply voltage 10 15
Vic IN- and IN+ pins common mode input voltage Vest+2 V-2
Vin-n Inverting input voltage, n=1-2 Vin: -0.5 Vin: +0.5 \
Vesp CSD pininput voltage Vss Van
Vcompn COMP pin input voltage, n=1-2 Vss Vaa
Ccompn COMP pin phase compensation capacitor to GND , n=1-2 1 - nF
Vestin CSHpininput voltage, n=1-2 Vsn Vin v
fow Switching frequency - 500 kHz
Tyic Juction temperature of controller IC -40 100 °C
Note:
6. Logic operational for Vs equal to -5V to +100V. Logic state held for Vs equal to -5V to —Vgs.
7. GND input voltage is limited by Iz and Issz.
Datasheet 9of 59 V2.0
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4.3 Electrical characteristics
Unless otherwise specified, the following apply:

[ ] VCC,VBS: 12V
o Vss=Vs1=Vsr=Vni=Vnp=COM=0V

o Vm=9.6V
° TA:250C
Table 2 Electrical characteristics
Symbol Definition | Min ‘ Typ ‘ Max | Units ‘ Test conditions
Low-side supply
UVees Vcc supply UVLO positive 8.4 8.9 9.4 v
threshold
UVee. Vcc supply UVLO negative 8.2 8.7 9.2 v
threshold
UVcenvs UVce hysteresis - 0.2 - \"
loce Low side quiescent current - - 3 mA
lec Low side supply current - 10 - mA f=400kHz
Veuupin Low side zener diode clamp 14.7 153 16.2 N lec=5mA
voltage, n=1-2
High-side floating supply
High side well UVLO positive
UVes:n threshold, n=1-2 8.0 8.5 9.0 Vv
High side well UVLO negative
UVes-n threshold, n=1.2 7.8 8.3 8.8 v
UVashysn UVes hysteresis, n=1-2 - 0.2 - v
s High side quiescent current, ) ) 24 mA
n=1-2
High side quiescent current,
lQBsn_oFF-cs with CSH pin open n=1-2 350 500 650 uA
Vewman High side zener diode clamp 14.7 15.3 16.2 N las=5MA
voltage, n=1-2
Floating input supply
VA+, VA- floating supply UVLO Vss =0V, GND pin
Vans - 2 T 2 \" .
UV positive threshold from Vss 8 8 ? floating
VA+, VA- floating supply UVLO Vss =0V, GND pin
Van- . 1.7 2 T \" .
UV negative threshold from Vss 8 8 floating
. Vss =0V, GND pi
UVarkvs UV hysteresis - 0.5 - Vv s pin
floating
i iti i Va=9.6V, Vss =0V,
loaso Floating Input positive quiescent i 15 3 mA AN ss
supply current Vesp =VSS
Floating Input positive quiescent Van=9.6V, Vss =0V,
lan1 - 4 6 mA
supply current Vesp =VAA

Datasheet 10 of 59
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Floating Input positive quiescent

VAA=9.6V, Vss =OV,

I - 5 7.5 mA
o supply current Vesp =GND
Floating input side to Low side Van=Vss=Veno=
lkm - - 50 IJ.A
leakage current 100V
. . ls=5mA,
Van floating supply zener diode lss<=5mA
Verampus clamp voltage, positive, with 4.9 5.1 5.4 Vv ’
VGNDZOV,
respect to GND
Vesp =VSS
. . [sm=5mA,
Vss floating supply zener diode lss=5MA
Ve ampu- clamp voltage, negative, with -5.4 -5.1 -4.9 Vv ’
VGNDZOV,
respect to GND
Vesp =VSS
Audio input (VGND=°, VAA=4.8V, Vss=-4.8V)
Vosn Input offset voltage, n=1-2 -18 0 18 mV
IBiNn Input bias current, n=1-2 - - 40 nA
GBWn ;mall signal bandwidth in OTA, n=1- | 9 i MHz Ceomr=1nF, RF=0
_ Vine=0V, Vix.
Emn OTA transconductance, n=1-2 - 10 - mS -10mV
Gun OTA gain, n=1-2 50 - - dB
Hn OTAin noise v
Viemsn CHn OTA input noise voltage, : 200|330 mVrms
n=1-2
PWM
vth PWM comparator threshold in i (Van - i v
P COMP Vss)/2
formn COMP pin star-up local oscillation 0.7 10 Ls MHz Vees ZGND
frequency, n=1-2
Ton_n COMP to VS rising edge propagation i 370 i ns
delay, n=1-2
Toff n COMPtoYStralllngedge i 320 i ns
propagation delay, n=1-2
aea:ti.rge:tLow-sid(eD:(rurn-())zLq ) VP=30V,
igh-side turn-on LO-HO 1gh- ) _ VN=-30V,
DTn side turn-off to Low-side turn-on >0 ns
(DTHo.Lo) , n=1-2
Power MOSFET (FET1, FET2, FET3, FET4)
At Tj=25°C, unless otherwise specified
. Ves=0V,
Vierpss” Drain-to-Source breakdown voltage | 100 - - Vv 1,=250uA
Ros(on) FET on resistance - 24.4 30.5 mQ 15=3.3A, Vs=10V
Qg Total gate charge - 12.7 19 nC Ves=10V
_ Ve=100V®,
I ko VP leakage current, VS=VN 20 MA Vee VS
Protection
Datasheet 11 0f59 V2.0
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| Over current detection Positive 40 A
ocen threshold, n=1-2®
| Over current detection Negative 0 A
ocn threshold, n=1-2
D pin sh
Vthl €SD pin shutdown release 0.62xVan | 0.70XVas | 0.78XVan | V
threshold
Vth2 CSD pin self-reset threshold 0.26XVan | 0.30xVan | 0.34xVan |V
lcsp+ CSD pin discharge current 70 100 130 HA Vesp = Vss +4.8V
Icsp- CSD pin charge current 70 100 130 pA Vesp = Vss +4.8V
Shutdown propagation delay from
. - - COMP=V.
fso Vs <Vth1 to Shutdown, n=1-2 250 ns *
CHn propagation delay time from
n - - COMP =V
toce lon > locpn to Shutdown, n=1-2 500 ns s
CHn propagation delay time from
n - - COMP=V
toen lon < locnn tO ShUtdOWn, n=1-2 500 ns s
Clip detecti itive threshold i
Vth+cup 'P GEtECtion OSILIVE TNTESNOIEIN 1 6 g5xVas | 0.90xVan | 0.95xVan | V
COMP
Clip detection negative threshold in
Vth-cup P on negativ ™1 0.05xVan | 0.10xVan | 0.15xVas | V
COMP
teur Clipping detection propagation i 40 i ns
delay
Clipping detection minimum output
teupmin . - 3 - us
duration
Over-temperature shutdown o
Tso threshold in controller IC 100 i i ¢
T Over-temperature shutdown i 7 i oc
SpHvs threshold hysteresis
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4.4 Audio characteristics (SE)
Table 3
Parameter Test conditions Typ Unit
Po Power output per channel™ RL=60Q, 10%THD+N, V,,, =+ 40V 160 W
RL=4Q, 10%THD+N, V,,, =+ 36.5V 200
RL=3Q, 10%THD+N, V,,,=+31.5V 190
RL=2Q, 10%THD+N, V,, =+ 23V 150
RL=6Q, 1%THD+N, V,,, =+40V 120
RL=4Q, 1%THD+N, V,,, =+ 36.5V 150
RL=3Q, 1%THD+N, V,,, =+ 31.5V 140
RL= 20, 1%THD+N, V,,, = + 23V 110
Residual noise(AES-17, IHF-A, EVAL_AUDAMP25,V, . =+36.5V ,RL=4Q 250 uv
typical)
Idling supply current EVAL_AUDAMP25,V, =+36.5V ,Ri=4Q +55 mA
-80
Efficiency™ EVAL_AUDAMP25,V,, =+ 36.5V, 95 %
Pout=200W, RL=4Q
Note:
8. V, changes over temperature at a rate of 50mV/K compared to Tj=25°C.
9. Over-current protection threshold measured under Tj=25°C condition.
10. Tested with heatsink (digikey part number: V8818V)
11. Class D stage only
4.5 Audio characteristics (BTL)
Table 4
Parameter Test conditions Typ Unit
Po Power output per channel® RL=80Q), 10%THD+N, V,,=+36.5V 400 w
RL=6Q, 10%THD+N, V,,,=+31.5V 380
RL=4Q, 10%THD+N, V,,, =+ 23V 300
RL=8Q, 1%THD+N, V,,,=+36.5V 300
Ri=6Q, 1%THD+N, V., =+31.5V 280
RL= 40, 1%THD+N, V,,, = + 23V 220
Residual noise(AES-17, IHF-A, EVAL_AUDAMP25 ,V, =+ 36.5V ,RL=4Q 350 uv
typical)
Idling supply current EVAL_AUDAMP25,V, . =+36.5V ,Ri=80Q +55 mA
-80
Efficiency™ EVAL_AUDAMP25,V, . =+36.5V ,RL=8Q 95 %
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4.6 Audio characteristics (PSE)
Table 5

Parameter Test conditions Typ Unit

Po Power output per channel® RL=20Q, 10%THD+N, V,,, =+ 36.5V 400 w
RL=2Q), 1%THD+N, V. = + 36.5V 300

Residual noise(AES-17, IHF-A, EVAL_AUDAMP25,V,,=+36.5V,R.=4Q 250 uVv

typical)

Idling supply current EVAL_AUDAMP25,V, =+36.5V ,Ri=40Q +55 mA

-80
Efficiency™ EVAL_AUDAMP25,V, = +36.5V ,RL=4Q 95 %
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4.7 Typical Audio characteristics (SE)
Test conditions:
All Measurements taken at Sine wave frequency= 1 kHz, AES17+ AUX-0025 measurement filters.

Vpus =240V, Load impedance =6 Q, Fpyn = 400 kHz
Vpus =% 36.5V, Load impedance =4 Q, Fpuwm = 400 kHz
Vpus =2 31.5V, Load impedance =3 Q, Fpuwm = 400 kHz
Vpus =223V, Load impedance =2 Q, Fpuwn = 400 kHz

4.7.1 Power vs. THD+N

10

0.01

0.001

0.01 0.1 1 10 100 1000
Outpower(W)

Figure 2 Power vs. THD+N
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4.7.2 Frequency vs. THD+N

1
2ohm
3o0hm
4ohm
60hm
0.1
S
=
+
o
T
|_
0.01
0.001
20 200 2000 20000
Frequency(Hz)
Figure 3 Frequency vs. THD+N @1W
4.7.3 Frequency response
Test conditions:
Output power =1W, LPF =22uH+0.47uF
4
2o0hm
2 3ohm
4ohm
60hm
0 ==
2
<
@
=
-6
-8
-10
20 200 2000 20000 200000
Frequency(Hz)
Figure 4 Frequency response
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4.7.4 Noise floor

10

2ohm
3ohm
4ohm
60hm

-90

-110

-130

-150
10 100 1000 10000
Frequency(Hz)

Figure5 Noise floor

4,7.5 Efficiency

MA5332 4ohm load
100.0%
—————0¢
90.0%
80.0% -
- 70.0%
§ 60.0%
© 50.0%
wm 40.0% M
30.0% & +—MA5332 40hm load
20.0%
10.0%
0.0% &
0.00 50.00 100.00 150.00 200.00 250.00
Power (W)
Figure 6 Efficiency 4 Q load
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4.8 Typical Audio characteristics (BTL)
Test conditions:
All Measurements taken at Sine wave frequency= 1 kHz, AES17+ AUX-0025 measurement filters.

Vpus =240V, Load impedance =8 Q, Fpyn = 400 kHz
Vpus =2 31.5V, Load impedance =6 Q, Fpuwm = 400 kHz
Vpus =223V, Load impedance =4 Q, Fpuwn = 400 kHz

4.8.1 Power vs. THD+N

10
4ohm {
60hm
1 8ohm
S
Zo01
fa)
I
'_
0.01
0.001
0.01 0.1 1 10 100 1000
Outpower(W)
Figure 7 Power vs. THD+N
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4.8.2 Frequency vs. THD+N
1
4ohm
60hm
8ohm
0.1
S
=2
+
a
I
|_
0.01
0.001
20 200 2000 20000
Frequency(Hz)
Figure 8 Frequency vs. THD+N @1W
4.8.3 Frequency response
Test conditions:
Output power =1 W, fixed LPF 22uH+0.47uF
4
4ohm
2 60hm
8ohm
0
-2
<
@
o
-4
-6
-8
-10
20 200 2000 20000 200000
Frequency(Hz)
Figure 9 Frequency response
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4.8.4 Noise floor

Test conditions:

No input signal

(infineon

-110

-130

-150

10

4ohm
60hm

8ohm

100

Frequency(l-]f?)00

10000

Figure 10
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4.9 Typical Audio characteristics (PSE)
Test conditions:
All Measurements taken at Sine wave frequency= 1 kHz, AES17+ AUX-0025 measurement filters.

Vpus =% 36.5V, Load impedance =2 Q, Fpym = 400 kHz

49.1 Power vs. THD+N

10
20hm
1
S
Zo01
o
I
’_
0.01
0.001
0.01 0.1 1 10 100 1000
Outpower(W)
Figure 11 Power vs. THD+N
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4.9.2 Frequency vs. THD+N

1
2ohm
0.1
IS
=
+
[a)
I
|_
M
0.01
0.001
20 200 2000 20000
Frequency(Hz)
Figure 12 Frequency vs. THD+N @1W
4.9.3 Frequency response
Test conditions:
Output power =1 W, fixed LPF 22uH+0.47uF
4
2 2ohm
0 ——m
-2
<
@
o
-4
-6
-8
-10
20 200 2000 20000 200000
Frequency(Hz)
Figure 13 Frequency response
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4.9.4 Noise floor

Test conditions:

No input signal

Infineon
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-130
-150
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Figure 14 Noise floor
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5 Thermal information

Benefits from unique co-packaging technique and superior MOSFET technology, MA5332MS has the
best-in-class thermal performance, Peak power duration. It can deliver 100W*2/4Q even without a heatsink.

5.1 Peak power duration thermal information

Test conditions:

All Measurements are taken at sinewave frequency= 1 kHz, AES17+ AUX-0025 measurement filters. Input signal
=1kHz, Fpyy = 400 kHz.

Tests are based on Eval_AUDAMP25 board when both channels are driven.

Table 6 Peak power with heatsink
Load (Q) #V,,. (V) 10 percent THD+N power (W) | Duration
6 40 160 More than 1 minute without thermal shutdown
4 36.5 200
3 315 190
2 23 150

- £6 Analysis | §= Position | °5, Obj. Par | @ Image | TF Text comment

Label | Valse'Cl|  Min|  Mac| Ma-Min|  Avg|  Stde|  Resut| Epression
Image 37 689 52

S0t s

i AR01 %7 68 R s ar

Function | Value Twme | Cumor | Cursortime | Stotus
689 10353052 681 10852379, Acive

Figure 15 Peak power P,,, =164 W with 6 Q load +40 V

Note: Maximum temperature 68.9°C at 1 minute.
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4 Analysis | &= Position | *% Obj. Par| @ Image | B Text comment|
Label Value [C] Min Max| Max- Min Avg|  Stdev| Result| Expression| | ThermaCAM iPort =
Imag 5 1054 789
spoL 289 Man  Cam |Dev | T4l>
ARoL a0 1054 64 765 104
Measurement Range
0-350 “CNOF -
Hoise Reduction
i
¥ ulo shuter
It Image Con
Foous
g
v
7
/
—
g T 3 = B3 % % 3 % E3 & & % & & ke ths  ds iz he ik whe ks k2 1k "
Ex =]
scs | o [Label Function | Velue Time | Cu Cursortime | _Stotus
y . €
[ ==& - ARGL  Max 1054 3812400 1067  21800016. Active
lafejaw|

Figure 16

Note:

Peak power P,,, =200 W with 4 Q load +36.5V

Maximum temperature 105°C at 1 minute.

§& Analysis | &= Position | 3, Obj. Par| @ Image | ¥ Text comment |
Label Value[*Cl| Min Max| Max- Min Avg|  Stdev| Result| Expression| | ThermaCAM iPort
Image a0 1301 103.1
spor 26 Wan Con Joev | 1el>
aRoL a8 B0l &3 m2 255
Measurement Range
0-350"CNOF -
W auta shutter
It Image Cor:
Focus
7
7
§ 1 3 = E % & % 2 B3 e A B B % o e e w2z e e Ak w1 T
Ll | ‘ |
Tt Lebel Function | Value ursor | Cursortime Status
[ = || &) [A— AR Max 101 2451261, 1250 S4ESIEL.  Acive
allaa,

Figure 17

Note:

Datasheet

Peak power P =194 W with 3 Q load +31.5V

Maximum temperature 130°C at 1 minute.
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9 Analysis |#= Position | %5, Obj. Par | @ Image | E¥ Text comment
Label | Value[C] Min|  Max| Max-Min|  Avg|  Stdev| Result| Epression| | ThemaCAM iPort = ]}
Image 20 1544 1264 =
SPOL 306 Main  Cam [Dev |T4l®
ARDL 07 14 w7 w0 28
Measuement Range
[0-350 TNOF -
Neise Reduction
of
W tuto shtter
Int Image Cor
ra
7
v
g I B S = = = = = = % P & = R T P = F T 7]
s
Tl Lebel Function| Value | Time | Cursor | Cusortime | Stotus
[ =lal sl [A—ARIL  Ma 15604 4014345, 185 4401224 Adive
[ele]al-

Figure 18 Peak power P, =150 W with 2 Q load +23V

Note: Maximum temperature 154°C at 1 minute.

Table 7 Peak power without heatsink

Load (Q) #V,,. (V) 10 percent THD+N power Duration
(w)
26.5 100 More than 1 minute without thermal shutdown
13.7 50

24 Analysic | #= Position | %, Obj. Par| @ Image | B Text comment| —
Label | Value[C] Min|  Max| Max-Min Avg|  Stdev| Result| Expression ThermaCAM iPort =
Image %2 67 1205 = ]
SPOL 778 Man Cam [Dev | T4[}]
AROL 759 1467 708 1203 133
Measurement Range
0-350 'CNOF hd
Moise Redustion
o
¥ o shutter
It Image Cor:
Facus
(@ [Connected | ®@ 0
————
m———
=
g 7 B Z 3 % EA % Py %= P & & = R e o
X |
‘T u ] ] [ oo Function | Value Time Cursor | Cursortime |_ Status
[]—— AROL Mas 1467 11:02:15.52.. 1523 11:0212.37...  Active
[elelal-|

Figure 19 Peak power P =102 W with 4 Q load +26.5V

Note: Maximum temperature 146.7°C at 1 minute.
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2 Analysis |#= position | £5, Obj. Par| @ Image | B} Text comment
Label | Value[’C]|  Min Max| Max-Min|  Avg|  Stdev| Result| Ecpression| | ThermaCAM iPort =) |
Image 260 1428 1168

SPOL 271

AROL 22 1428 705 1154 197

Measursment Range
=i —
Moize Reduction

[V Auka shutter

Int. Image Cor.
Focus
@ [Connected  [® [0

el |
e Label Function | Value Time Cursor Cursor time. Status

y .
= '] s [ BRI Mo 1423 S0252560. 135 GOMT4B.. Adive

[afala|«|
Figure 20 Peak power P,,, =55 W with 2 Q load +13.7V

Note: Maximum temperature 142.8°C at 1 minute.
Table 8 1/8 power test with heatsink
Load (Q) V... (V) Max. T-case (°C) 1/8 power (W) Duration (minutes)
6 40 71.6 16.5 30
4 36.5 85.6 19.8 30
3 31.5 87.2 19.7 30
2 23 84.8 15 30
Table 9 1/8 power test without heatsink
Load (Q) V... (V) Max. T-case (°C) 1/8 power (W) Duration (minutes)
4 22.7 84.6 7.12 30
2 13.7 76.1 4.88 30
Datasheet 27 of 59 V2.0
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5.2 Heatsink information

Heatsink: V8818V

Thermal pad: BER161-ND

(infineon

V8818V

Figure 21

Datasheet
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6 Functional block diagram

uv
DETECT

Figure 22 Block diagram

V2.0

Datasheet 29 of 59
9/24/2021



o~ _.
Integrated Class D Amplifier | n f| neon
MA5332MS
Table of contents

7 Typical Implementation

The MA5332MS can be designed as single-ended, BTL or parallel single ended (PSE) output configuration, using
a single or split power supply. Here are examples of typical configurations.

A configuration for single-ended input with split power supply sets the base example. The front end section
refers to GND which is common to speaker output GND.

W
A
WA
+B
EXT CLK $
(OPTIONAL)
o be
CLIP|=i—
[N | |
! L ! }_I COMP2|
I—AM =
CH2 INPUT W\ e L
- mm CH2 OUTPUT
IN+2| vj . Speaker
| GNDJ
’_ﬁ EE
it VAN
N[ — Speaker
i : | Am ]
CH1 INPUT s [
N CH1 OUTPUT
_“_,W\ﬁﬂ}_w# B covef
jCsof
\V4 FAULT| £
vee %
T T -B

Figure 23 Inverting amplifier with Split Power Supply

+B
EXT CLK $
(OPTIONAL) d
g
o
CLIP| ——*L
1L 1} 1} "
1l 1t s compz|
CH2 IN It ) e —
I il - TYY CH2 OUTPUT
CH2 IN- it 1 e
A w | L Speaker
M | GND.
j{ vss|i | ) 1
[—’W‘f f VARl
CH1IN- {—w WAl | Kgl) ¢ = T Speaker
1 A & InaRp!
CHIT IN+ T N[ CH1OUTPUT
A w’_}“__l, B
— r Srcsofey | @
i - —
\V4 FAULT[E hwﬁ b |
qd Jd9 |
EEEEDWNE.
W
R L ®
L
T T T _B

Figure 24 Differential amplifier with Split Power Supply
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The single-supply configuration uses a virtual GND which sits in the middle of the power supply rail. The front-
end section of the amplifier refers to the virtual GND as a reference. This method uses differential input to
receive an input signal from a different voltage potential. It is recommended to allow input capacitors to fully
settle to steady-state values before releasing the CSD pin to start PWM oscillation. The load current and
inductor ripple current flow through the bus splitting capacitor.

+B

EXT CLK
(OPTIONAL)

CH2 IN+
CH2 IN-

=

A

CH2 OUTPUT

7T
$ii 1l

Speaker

CH1 IN-
CH1 IN+

Speaker
CH1 OUTPUT|

|

I

Figure 25 Typical Application Circuit with Single Power Supply

Balanced Tied Load (BTL) output takes two output legs for speaker output. It doubles output power with
double load impedance. Any load current does not flow through supply dividing capacitor; therefore BTL
configuration is free from GND fluctuations. Also, the bus splitting capacitor can be much smaller. Higher
output power and absence of GND fluctuation make BTL suitable for subwoofer applications.

EXT CLK
(OPTIONAL)

INPUT-

INPUT+

L v

T-B

Figure 26 Typical Bridged Tied Load (BTL) Output Application with Split Power Supply
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Figure 27 Typical Bridged Tied Load (BTL) Output Application with Single Power Supply

Parallel Single Ended (PSE) output parallels two channels’ output legs for one speaker output. It doubles
output current and makes it easier to drive a low impedance load. Higher output current with lower bus voltage
makes PSE suitable for subwoofer applications.

INPUT

-

e

——w

=

|

A

7
J7

Figure 28 PSE amplifier with Split Power Supply
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8 Input / Output pin equivalent circuit diagrams
CSHn
VAA ? VPn
ESD 7 vBn
Diode
IN-n
5V HOn
IN+n Zener ﬂ
Diode
-}
ESD vsn
Diode & 20V 200y F 3
vce
GND [ ]
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vss [} ®
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com VNn
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VsS
CHARGE
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ESD
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csD
ESD
Diode
VSS
DISCHARGE
Figure 29 Input/output pin equivalent circuit diagrams
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9 PWM Modulator Design

The open-access front-end configuration of MA5332MS enables many ways to implement a PWM modulator.
This section explains how PWM modulation works based on an example of a self-oscillating PWM modulator in
a typical application.

|
: Gate Driver I
C3  Ru i !
IN- CoMP =
F—wW\— B | =

IN o PWM T
Vin | _@l) I
|

| v
! I
I I
! I
: Protection |

Figure 30 MA5332MS Typical Control Loop Design

9.1 Input Section

The audio input stage of MA5332MS forms an inverting error amplifier. The voltage gain of the amplifier, Gy, is
determined by the ratio between input resistor Riy and feedback resistor Res.

=

__FB
G =2m
IN

=

Since the feedback resistor Res is part of an integrator time constant, which determines switching frequency,
changing the overall voltage gain by Ri is simpler and therefore recommended. Note that the input impedance
of the amplifier is equal to the input resistor Ri.

ADC blocking capacitor C3 should be connected in series with Ry to minimize the DC offset voltage on the output.
Due to potential distortion, a ceramic capacitor is not recommended. Minimizing the DC offset is essential to
minimize the audible noise during power-ON and -OFF.

The connection of the non-inverting input IN+ is a reference for the error amplifier, and thus is crucial for audio
performance. Connect IN+ to the signal reference ground in the system, which has the same potential as the
negative terminal of the speaker output.

Datasheet 34 of 59 V2.0
9/24/2021



o~ _.
Integrated Class D Amplifier In fl neon
MA5332MS

Table of contents

9.2 Control Loop Design

The MA5332MS allows the user to choose from numerous methods of PWM modulator implementations. In this
section, all the explanations are based on a typical application circuit of a self-oscillating

9.3 PWM Frequency

Choosing the switching frequency entails making a trade-off between many aspects. At lower switching
frequency, conduction losses in the MOSFET stage increases due to higher inductor ripple current. The output
carrier leakage in the speaker output increases. At higher switching frequency, the efficiency degrades due to
higher switching losses. Higher switching frequency supports wider audio bandwidth. The inductor ripple
decreases yet core loss might increase. For these reasons, 400kHz is chosen for a typical design example.

Self-oscillating frequency has little influence from the bus voltage and input resistance RIN. Note that the
nature of a self-oscillating PWM is for the switching frequency to decrease as PWM modulation deviates from
idling.

Table 10 summarizes suggested values of components for a given target self-oscillating frequency. The front-
end operational transconductance amplifier (OTA) output has limited voltage and current compliances. This
set of component values ensures that OTA operates within its linear region for optimal THD+N performance. In
case the target frequency is somewhere in between the frequencies listed in Table 10, simply adjust the
frequency by tweaking R1.

Table 10 External Component Values vs. Self-Oscillation Frequency

Target Self-Oscillation
Frequency (kHz) C1=C2 (nF) R1 (ohms)

500 2.2 200
450 2.2 165
400 2.2 141
350 2.2 124
300 2.2 115
250 2.2 102
200 4.7 41.2
150 10 20.0
100 10 14.0

70 22 4.42
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9.4 Clock Synchronization

Inthe PWM control loop design example, the self-oscillating frequency can be set and synchronized to an external
clock. Through a set of resistors and a capacitor, the external clock injects periodic pulsating charges into the
integrator, forcing oscillation to lock up to the external clock frequency. A typical setup with 5 Vp-p 50% duty
clock signal uses Rk=22 kQ and Cck=100 pF in Figure 31. To maximize audio performance, the self-running
frequency without clock injection should be 20 to 30% higher than the external clock frequency.

EXT.CLK Ry cu« c1 c2
- — M- |- — -

Vin Riy

Figure 31 External Clock Synchronization

Figure 32 shows how a self-oscillating frequency locks up to an external clock frequency. A design of a 400 kHz
self-oscillating frequency synchronizes to an external clock whose frequency is within the red border lines.

600

o
o
S

N
1<}
153

)
A

Operating Frequency (kHz)
w
o
o

o
S

10% 20% 30% 40% 50% 60% 70% 80% 90%
Duty Cycle

Figure 32 Typical Lock Range to External Clock (Rck=22 kQ and Cc«=100 pF)
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9.5 Click Noise Elimination

The MA5332MS has a unique feature that minimizes power-ON and -OFF audible click noise. When CSD is in
between Vthl and Vth2 during start-up, an internal closed loop around the OTA enables an oscillation that
generates voltages at COMP and IN-, bringing them to steady-state values. It runs at around 1 MHz, independent
from the switching oscillation.

|

|

|

F—wA—e—15 '
GND ?‘>A—PWM !
|

|

|

|

|

|

|

Vin

Figure 33 Audible Click Noise Elimination

As a result, all capacitive components connected to COMP and IN- pins, such as C1, C2, C3 and Cc in Figure 33,
are pre-charged to their steady-state values during the start-up sequence. This allows instant settling of closed-
loop PWM operation.

To utilize the click noise reduction function, the following conditions must be met.

1. CSD pin has slow enough ramp up from Vth1 to Vth2 such that the voltages in the capacitors can settle
to their target values.

2. High-side bootstrap power supply needs to be charged up prior to starting oscillation.

Audio input has to be zero.

4. For internal local loop to override external feedback during the startup period, DC offset at speaker
output prior to shutdown release has to satisfy the following condition.

w
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9.6 Differential Input

Figure 34 shows an example of a differential input configuration. This design is useful in a single supply
configuration. Use Rini=Rin2, Rrs1=Resa, C3=C4.

Voltage gain is given by a ratio between R and Ree.

2|

C1 Cc2

I

I

I

C3 Rint N COMP 5 :
N+ ?M T

Vin |
c4 f@ ]
F—vW\— '

]

]

|

|

Rinz

R2 C5

AAA Il 1
I —_—_——e— e e ————— —
Optional

Figure 34 Differential Input

Although component values in the feedback network are balanced between inverting and non-inverting inputs,
the integration capacitor path in the non-inverting input creates unbalance at high frequencies, causing slightly
higher distortion compared to an unbalanced input configuration. To improve the THD degradations, place
optional RC network R2=R1 and C5=C1.
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10 Operational Mode

The CSD pin determines the operational mode of the MA5332MS as shown in Figure 35. The OTA has three
operational modes: shutdown, pop-less startup and normal operation; while the gate driver section has two
modes: shutdown and normal operation.

When Vcsp < Vth2, the IC is in shutdown mode and the input OTA is cut off. When Vth2< V¢sp < Vth1, the output
MOSFETs are still in shutdown mode. The OTA is activated and starts local oscillation for pop-less start-up which
pre-biases all the capacitive components in the error amplifier. When Vcsp>Vth1, the MA5332MS enters normal
operation mode and PWM operation starts.

Veso
Vap —f=—======-——~ f
Vipt —f------ 7 /

Vine —[ ===+ -

OTA Operational Mode

Shutdown | POP-less OTA in Active
Startup
Gate Driver Stage
Shutdown Release
Figure 35 Vcsp and Operational Mode
10.1 Self-oscillation Start-up Condition

The MA5332MS requires the following conditions in order for pop-less startup to work properly.

- All the control power supplies, VAA, VSS, VCC and VBS are above the under-voltage lockout
thresholds.
- CSD pinvoltage is over Vth1 threshold.

- |i11v| < |iFB|
v, 14
Where i, =—% i, =—%.
R]N RFB

- The duration CSD voltage transitioning from Vth2 to Vthl is long enough to pre-charge input and
integration capacitors around OTA section.

Datasheet 39 of 59 V2.0
9/24/2021



o~ _.
Integrated Class D Amplifier In fl neon
MA5332MS

Table of contents
11 Protections
g e ey S S emeeeeeman .
VAA HH HH '
v ' FLOATINGHIGH & !  FLOATINGHIGH o
N . .
E > vini N E E SIDE 1 ; E SIDE 2 :
[] _OMP (] : ] :
. " L]

csD [ ] RO —1)—/\—\ bio[ ovove) | Hio| uvoe) | :
N . .
l ; | - LD ' ' :

H COMP2 1o OC DET ' OC DET
CtT H g‘+ R HH (H1) ' (H2) '
[ Vth2 (] " ]
VSS ') [ '
_ ® [ ] LY []
K " ' '
H 'K ‘" '
L] () " []
H H H :
L] L} []
EAULT : Y FLOATING INPUT Y ! E o ' E o '
: ] R P LEVEL ot toos| evet (ooct ) ever (o
P i SHIFT SHIFT '
; v :
GND o .
] [ H
] H : H
H ‘e OCDET | |
' ' ) (L1) '
: : : SD :
] e — |
H 'y PWM1 DEAD TIME HO1 !
! Y ——>L01 '
H [ SD OCDET |
! e otp 1 2 E
: " PWM2———>] DEAD TIME Ho2 H
' HY | — ‘
H HE LOWSIDE  §
|  leccccccccccccccccccccccccccccccccccccccceccccccceccecccacecmcacccmaned

Figure 36 Protection Functional Block Diagram

Theinternal protection control block dictates the operational modes, normal or shutdown, using the input of the
CSD pin. In shutdown mode, the controller IC turns off internal power MOSFETSs.

The CSD pin provides five functions.
1. Power up delay timer
Self-reset timer
Shutdown input
Latched protection configuration
Shutdown status output (host I/F)

ok wbn

The CSD pin cannot be paralleled with another MA5332MS directly.

The operating statuses of the protection features are shown in Table 11.
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Table 11 Events and Actions of CSD and FAULT

Event CSD FAULT
UVCC, rising edge Recycle L until CSD>Vth1
UVCC, falling edge n/a n/a
UVAA, rising edge n/a L at VAA<UVAA
UVAA, falling edge n/a L at VAA<UVAA
UVBS, rising edge n/a n/a
UVBS, falling edge n/a n/a

Keep recycling until OCP

Over Current Protection is reset Held L until OCP is reset
Clip Detection n/a n/a
Over Temperature Keep recycling until OTP *CSD recycle: CSD pin voltage
Protection is reset Held L until OTP isreset  discharges down to Vth2 and charges

11.1.1  Self-Reset Protection
Attaching a capacitor between CSD and Vss configures the MA5332MS self-reset protection mode.

back to VAA, if CSD pin is configured
as self reset protection.

Upon an OCP event, the CSD pin discharges the external capacitor voltage Vcsp down to the lower threshold Vin,
to reset the internal shutdown latch. Then, the CSD pin begins to charge the external capacitor, Ct, in an attempt
to resume operation. Once the voltage of the CSD pin rises above the upper threshold, Vini, the IC resumes normal

operation.

VAA

CSD

o
|

VSS

Figure 37 Self-Reset Protection Configuration
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11.1.2 Designing Ct

The external timing capacitor, Ct, programs self-reset timings: treser and tsy.

o treser is the time that elapses from when the IC enters the shutdown mode to the time when the IC
resumes operation. tgeser should be long enough to avoid over heating the MOSFETs from the repetitive
sequence of shutting down and resuming operation during over-current conditions. In most
applications, the minimum recommended time for treser is 0.1 seconds.

e gy is the time between powering up the IC in shutdown mode to the moment the IC releases shutdown
to begin normal operation.

The Ct determines treser and tsy as following equations:

; vy, [

RESET =77 oo
ctv,,

lsu =77
0.7-1

where Icsp: the charge/discharge current at the CSD pin
Vaa: the floating input supply voltage with respect to Vss.

11.1.3 Shutdown Input

During normal operation, pulling the CSD pin below the upper threshold Vth1 forces the IC into shutdown mode.
Figure 38 shows how to add an external discharging path to shutdown the PWM.

VAA

¢

' vint

‘A l ComP
csp! [T

SHUTDOWNA@ Ct :IL

Figure 38 Shutdown Input

VSS
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11.1.4 Latched Protection

Connecting CSD to Vas through a 10 kQ or less resistor configures latched protection mode. The internal
shutdown latch stays in shutdown mode after the overcurrent is detected. An external reset switch brings CSD
below the lower threshold Vth2 for a minimum of 200 ns and resets the latch. At first power-up, a reset signal to
the CSD pin is required to release the IC from shutdown mode.

VAA

S <10k

SHUTDOWN 4@

CsD

A ikl? L%

VSS

ecccce)ecccccaecccccaeacccnn

Bl
L gl

s

_| =4

I8+

=
T

Figure 39 Latched Protection with Reset Input

11.1.5 Interfacing with System Controller

The MA5332MS can communicate with an external system controller through a simple interfacing circuit shown
in Figure 40. A generic PNP transistor, U1, detects the sink current at the CSD pin during protection event and
outputs a shutdown flag signal to an external system controller. Another generic NPN transistor, U2, can then
reset the internal protection logic by pulling the CSD voltage below the lower threshold Vth2. After the first
power-up sequence, a reset signal to the CSD pin is required to release the IC from shutdown mode.

VAA

.

.

.

.

.

.

$

U1 E é Vth1 »
I
<10k Y ¥ l comp

.

SHUTDOWN ——¢ CSD
:
RESET u2 '
VSS
.
.
.
.
.
.

Figure 40 Interfacing CSD with System Controller
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11.2 Over Current Protection (OCP)

The MA5332MS features over current protection to protect the internal power MOSFETs during abnormal load
conditions. The control logic diagrams are in Figure 41. As soon as either the high-side or low-side current sensing
block detects over current, the following sequence will occur.
1. The shutdown latch flips its logic states from normal operational mode to shutdown mode.
2. Low-side and high-side MOSFETSs go into an off state condition.
3. The CSD pin starts discharging the external capacitor Ct.
4. Whenvoltage across Ct falls below the lower threshold Vth2, COMP2 resets the shutdown latch to normal
mode.
The CSD pin starts charging the external capacitor Ct.
6. When Vcsp goes above the upper threshold Vthl, the logic on COMP1 toggles and the IC resumes
operation.

o

Figure 41 summarizes the above. As long as the over current condition exists, the IC will repeat the over current
protection sequence at a repetitive rate set by the CSD capacitor.

|
Vesp + ¥ |
! | ]
! ! ! I
| I I :
i ] I |
i ! | : I
OC detection ! I | [
! ! )} ! /: .
| H « | T "
1 | | 1 |
| | | ! l
Charge | ) ! !
. ]
CSD Capacitor < I !
Dischargd ! I
\ I I !
i | | d
! | I
Shutdown I
]
|
|
SD L Release ()()
! 1 t
: SU B RESET
! ¢ Protecti
Power on mute  * Normal operation rotection ! Normal operation
reset interval

Figure 41 Overcurrent Protection Timing Chart
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11.3 Over Temperature Protection (OTP)

If the junction temperature T, of the controller IC exceeds the on-chip thermal shutdown threshold, Tsp, the on-
chip over temperature protection shuts down the PWM.

11.4 Under Voltage Protection (UVP)

In order to prevent a partial on-state of the internal MOSFET, under-voltage protection monitors the low side and
high side gate bias supplies, VCC and VB. When VCC is below UVLO, both high and low side MOSFETSs are turned
off. When the high side supply Ves is below the UVLO threshold, the high side output is disabled, while the low
side works normally.
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12 Status Output
12.1 Fault Output

FAULT output is an open drain output referenced to GND to report whether the MA5332MS is in shutdown mode
or in normal operating mode. If the FAULT pin is open, the MA5332MS is in normal operation mode, i.e. the
output MOSFETSs are active. The following conditions trigger shutdown internally and pulls the FAULT pin down
to GND.

e Over Current Protection

e Over Temperature Protection

e Shutdown mode from CSD pin voltage

........................................................ .

1]

.

.

1]

Vth1 :

N\ ]

(iOMP } > :
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COMP2 R H
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1]
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.
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.

.
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Figure 42 Fault Output
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12.2 CLIP Output

When the output of the amplifier loses track of an expected target value, the amplifier enters into clipping
condition.

The CLIP detection block monitors the COMP pin voltage with a window comparator. The CLIP pin is pulled to
GND when a clipping condition is detected. The detection thresholds in the COMP pin are at 10% and 90% of
VAA-VSS. The CLIP outputs are disabled in shutdown mode.

|
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|

|
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Figure 43 CLIP Detection
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13 Power Supply Design
13.1 Supplying VAA and VSS

VAA and VSS are supply voltages to the front-end of the analog section, hence are noise sensitive. For best
audio performance, use regulated power supplies for VAA and VSS.

10

3

<l
wos(eccccsccdracnnsnsdee

7805

= T 2.20F 7

2.2uF 1~

J

9]
P4
O

<
()]
(%]

Figure 44 Supplying VAA and VSS with External Voltage Regulators

When switched-mode regulators are used as supply voltages for VAA and VSS, place a two-stage R-C noise filter
in the supply lines as shown in Figure 45.

jmommemeemeomeeoaes
10 10 VAA 1 H

+5V S '
: :

10uF 2.2uF : H

L]

GND :

.1 ’

[]

10uF 2.20F, H :

10 T 10 T VSS 1 !

-5V \ A °] H
H MAS53xx !

lecccccsccccccscccane N

Figure 45 Supplying VAA and VSS from Switched Mode Power Supply

13.2 Supplying VCC and VB

Figure 46 shows the recommended power supply configuration for gate driver power supplies. The gate driver
stage has three power supply inputs:

1. VCC-COM: low side gate drive supply
2. VB1-VS1:CH1 high side gate drive supply
3. VB2-VS2:CH2 high side gate drive supply

The low-side power supply, VCC, feeds the internal gate drive logic and low side gate driver. In order to protect
VCC from switching noise generated by the VS node, it is recommended to insert a few ohms of Rygs in the
bootstrap charging path.

The high-side driver requires a floating supply VBn referenced to the respective switching node VSn where the
source of the output MOSFET is connected. A charge pump method (floating bootstrap power supply)
eliminates the need for a floating power supply and thus is used in the typical application circuit. The floating
bootstrap power supply charges the bootstrap capacitor Cgsfrom the low-side power supply VCC during the
low-side MOSFET ON period. When the high-side MOSFET is ON, the diode cuts off and floats the VBS supply. Css
retains its VB supply voltage for the rest of the high-side ON duration.
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Iyce = Ioce +1gps +2(Qc * fomu ) /per channel

Recommend to have minimum 20% design margin for lvcc.

Cues2 J: Rvenz

10uF ‘ a7

W02
ICHSO|

Cep
100nF —

Vbus

Cvee —

Figure 46 Recommended Power Supply Configurations for Output Stage

13.2.1 Choosing Bootstrap Capacitance

Often MA5332MS uses hard clipping condition. The continuous high-side ON duration could continue as long as
half of the lowest audio frequency, tens of milliseconds. A typical application uses a 22 uF Cgs to support low
audio frequency clipping. A ceramic capacitor (X7R, X5R or X5S type) or aluminum electrolytic capacitor with 25
V or higher voltage rating is recommended.

13.2.2 Choosing Bootstrap Diode

Use a bootstrap charging diode with voltage rating of 1.5 x the maximum bus voltage. In order to charge the
bootstrap capacitor in a very short low-side ON period with a high PWM modulation ratio, a fast recovery diode
type (trr<50ns) is recommended.

13.2.3 Charging Vs Prior to Start

For proper start-up, pre-charging the bootstrap supply Ves prior to PWM start-up is necessary for self-oscillating
PWM modulator topologies. A charging resistor, Reuarce, inserted between the positive supply bus and Vg,
charges Cgs prior to switching start as shown in Figure 47. The minimum resistance of Renaree is limited by the
maximum PWM modulation index of the system. When the high-side MOSFET is on, Rcuarce drains the bootstrap
power supply together with the quiescent current, lqgs, so it reduces the holding time, resulting in maximum
continuous high-side on time.

The maximum resistance of Reuaree is limited by the current charge capability of the resistor during startup.
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Pre-charging current flows into the speaker load. In order to startup without the load connected, a dummy load
Raummy in parallel with the speaker output provides a pre-charging current path.
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VBn _ A o +B :I_
15.3V
= @
HOn A -
vsn =

cececdecOemaccaracaaaad
@
g
Fe=1

ITL

]

Out
i;—\ Rdummy%Speaker

r
o
3

<
o
(@]

O VCC:I_
12v T
cou o-B —d

Figure 47 Bootstrap Supply Pre-Charging
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13.3 Power Supply Sequence

The protection control block in the MA5332MS monitors the status of Va and Vcc to ensure that both voltage
supplies are above their respective UVLO (under voltage lockout) thresholds before starting normal operation. If
either Va or Vcc is below the under voltage threshold, the output MOSFETSs are disabled in shutdown mode until
both Vi, and Vcc rise above their voltage thresholds. As soon as Vas or Vec falls below its UVLO threshold, protection
logic in the MA5332MS turns off high-side and low-side.

—_
VGG UVLO( VCC)

HO

LO

Figure 48 MA5332MS UVLO Timing Chart
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Figure 50 Package details; Bottom metallization detail view
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Dimension Table
T
Sym.: Lsss — ud , Note
of Minimum Norminal Maximum
A 0.80 0.90 1.00
Al 0.00 0.02 0.05
A3 --- 0.20 Ref ---
bl 0.20 0.25 0.30 5
b2 0.35 0.40 0.45 5
D 7.00 BSC
E 7.00 BSC
D1 2.013 2.163 2.263
El 4,832 4,892 5.082
D2 2.55 2.700 2.800
E2 0.925 1.075 1.175
D3 2.684 2.834 2.934
E3 1.325 1.475 1.575
L1 0.30 0.40 0.50
L2 0.90 1.00 1.10
L3 0.35 0.45 0.55
aaa 0.05
bbb 0.10
ccc 0.10
ddd 0.05
eee 0.08
N 42 2
MNotes 1.2
Figure 51 Dimension table
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15 Board mounting, part marking, and ordering information

Reliability of products in the PQFN package is subject to the board mounting process. The Soldering
process is critical. Refer to Application Note AN-1170 Audio IC Board Mounting Application Note for
specific footprint design and soldering methods.

Device outline

Figure 52 shows the outline for these devices. The relative pad positions are controlled to an accuracy of
+0.050mm. For full dimensions and tolerances of each device, and to find out its size and outline, refer to the
relevant product data sheet and package outline drawing.
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(dimensions in mm)
Figure 52 42-lead 7x7 device outline
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Substrate/PCB layout

Evaluations have shown that the best overall performance is achieved using the substrate/PCB layout shown in
Figure 53 and Figure 54
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Figure 53 42-lead 7x7 substrate /PCB layout_1
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Figure 54 42-lead 7x7 substrate /PCB layout_2
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Stencil Design

Evaluations have shown that the best overall performance is achieved using the stencil design shown in
Figure 55-58.
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Figure 55 42-lead 7x7 stencil design_1
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Figure 56 42-lead 7x7 stencil design_2
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Figure 57 42-lead 7x7 stencil design_3

Note:

Part marking

This design is for a stencil thickness of 0.127mm (0.005"). The reduction should be adjusted for
stencils of other thicknesses. All soldering conditions are necessary to ensure reliability. More
details please refer to Application Note AN-1170 Audio Power Quad Flat No-Lead (PQFN) Board

Mounting Application

H

123456778
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ASSEMBLY LOCATION CODE,

"L" FOR CARSEM S (FIX); 1)

1) ASSEMBLY LOCATION CODE ACCORDING TO INTRODUCTION PAGE 1.3.9 OF THIS CATALOGUE

Figure 58 Part marking
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Integrated Class D Amplifier

MA5332MS

(infineon

Board mounting, part marking, and ordering information

Ordering information

Standard pack
Base part number | Package type - Complete part number
Form Quantity
MA5332MS 7X7Tmm PG- IQFN-42 Tape and Reel 3000 MA5332MS
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Revision: 2021-09-25, Rev. 2.0

Previous Revision

Revision |Date Subjects (major changes since last revision)
2.0 2021-09-25 |Release of final version
Trademarks

All referenced product or service names and trademarks are the property of their respective owners.

We Listen to Your Comments

Any information within this document that you feel is wrong, unclear or missing at all? Your feedback will help us to continuously
improve the quality of this document. Please send your proposal (including a reference to this document) to:
erratum@infineon.com

Published by

Infineon Technologies AG

81726 Miinchen, Germany

© 2020 Infineon Technologies AG
All Rights Reserved.

Legal Disclaimer
The information given in this document shall in no event be regarded as a guarantee of conditions or characteristics
(“Beschaffenheitsgarantie”) .

With respect to any examples, hints or any typical values stated herein and/or any information regarding the application of the
product, 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.

In addition, any information given in this document is subject to customer’s compliance with its obligations stated in this
document and any applicable legal requirements, norms and standards concerning customer’s products and any use of the
product of Infineon Technologies in customer’s applications.

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.

Information
For further information on technology, delivery terms and conditions and prices please contact your nearest Infineon
Technologies Office (www.infineon.com).

Warnings

Due to technical requirements, components may contain dangerous substances. For information on the types in question,
please contact the nearest Infineon Technologies Office.

The Infineon Technologies component described in this Data Sheet may be used in life-support devices or systems and/or
automotive, aviation and aerospace applications or systems only with the express written approval of Infineon Technologies, if a
failure of such components can reasonably be expected to cause the failure of that life-support, automotive, aviation and
aerospace device or system or to affect the safety or effectiveness of that device or system. Life support devices or systems are
intended to be implanted in the human body or to support and/or maintain and sustain and/or protect human life. If they fail, it is
reasonable to assume that the health of the user or other persons may be endangered.
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