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2x15W+30W & B B%2.1

FRIED S F ST

2x15W+30W Inductor Free, 2.1 Channel Class D Amplifier

B FEATURES

= Output Power
2x12W+24W (VDD=14.5V, R =2 X 8Q+4Q,
THD+N=1%)
2x15W+30W (VDD=14.5V, R =2 X 8Q+4Q,
THD+N=10%)
2x8W+16W (VDD=12V, R =2 X 8Q+4Q,
THD+N=1%)
2x10W+20W (VDD=12V, R.=2 X 8Q+4Q,
THD+N=10%)

- Single Wide Voltage Supply: 4.5V-18V

- Efficiency > 90%

- Spread Switching Frequency For Inductor Free

- Differential / Single-ended Analog Input

- Integrated Self-protection Circuits Including
Overvoltage, Undervoltage, Overtemperature,
DC-detect, and Overcurrent

- LF and HF Package of QFN6x6-36L

B APPLICATIONS
- Wireless Speakers

= Consumer Audio Applications

B DESCRIPTION

HT32201 is a 2.1 channel, efficient, Class-D audio amplifier

for driving speakers up to 30W/4Q+2x15W/8Q.

- IO
2x12W+24W (VDD=14.5V, R =2 x 8Q+4Q,
THD+N=1%)
2x15W+30W (VDD=14.5V, R =2 x 8Q+4Q,
THD+N=10%)
2x8W+16W (VDD=12V, R =2 X 8Q+4Q,
THD+N=1%)
2x10W+20W (VDD=12V, R =2 X 8Q+4Q,
THD+N=10%)
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Advanced EMI Suppression with Spread Spectrum Control
enables the use of inexpensive ferrite bead filters while
meeting EMC requirements for system cost reduction.

HT32201 is fully protected against faults with Overvoltage,
Undervoltage, Overtemperature, DC-detect, and
Overcurrent protection. Faults can be reported to the
processor to prevent devices from being damaged.
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B TYPICAL APPLICATION
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B ORDERING INFORMATION

Operating Temperature

Ordering Number Package Type Marking Range Shipping Package / MOQ
HT32201 I

HT32201SQER QFN6x%6-36L YYYMAAB' -40°C~85C Tape and Reel / 2500pcs

Ordering Number
HT32201 SQE R
L 5 Shipping Package

» Package Type
» Part Number

Production Tracking Code

YYY

M  AA

" YYYMAAB is production tracking code

J’ o
v \ 4 v

Lot Number

Random Code

Date Code - Month

Internal Code
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B TERMINAL CONFIGURATION
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Top View
B TERMINAL FUNCTION
Tel;;:)mal Name /0" Description
| BSPRI BST Connection point for the OUTPR1 bootstrap capacitor, which is used to create a power
supply for the high-side gate drive for OUTPR1. OUTPR1 H %% HL 2547 .
Positive pin for differential speaker amplifier output R of channel 1.
? OUTPRI O | vt i
Negative pin for differential speaker amplifier output R of channel 1.
; OUTRRI O | i it h .
4 BSNRI BST Connection point for the OUTNRI1 bootstrap capacitor, which is used to create a power
supply for the high-side gate drive for OUTNR1. OUTNRI- H 25 L5 A7
253’ 1207’ 1390’ NC No connection, connect GND for better thermal performance.
4 i WHTC L, AMAER S
6 BSPLI BST Connection point for the OUTPL1 bootstrap capacitor, which is used to create a power
supply for the high-side gate drive for OUTPL1. OUTPL1 H %% F %L
Negative pin for differential speaker amplifier output L of channel 1.
7 ouTPL O | vimit s At .
Positive pin for differential speaker amplifier output L of channel 1.
5 OUTPLI O | LB A E .
9 BSPLI BST Connection point for the OUTPL1 bootstrap capacitor, which is used to create a power
supply for the high-side gate drive for OUTPL1. OUTPLI1 H %% &7
11,12 PVCCLI1 P Power Supply for internal power circuitry of Channel L1. 1338 A= 5 18 Ty 2 FL I
Multi-function pin. When pulled down, place channel 1 in shutdown mode. Also as a
speaker amplifier fault terminal, which is pulled LOW when an internal fault of channel 1
13 \SD1 1/0 occurs, open-drain output.
LIRS, HBRR, EIETETRHRE . FIRHE R RIRES AL, il IR AR
BRI, 125 I,
14 LINP1 I Positive input terminal for channel L1. 183 72 75 18 IE SR %I o
15 LINN1 I Negative input terminal for channel L1. 1i#1& ¢ 7 18 fitH N o
16 INP I Positive input terminal for channel 2. 23818 IE 5G4
17 INN I Negative input terminal for channel 2. 23838 71 ¥ 4 A
18 GVDD2 ) Voltage regulator of channel 2, connect 1uF to GND. 2ifiELDO, % 1uFZIHs.
20, 26 PVCC2 P Power Supply for internal power circuitry of Channel 2. 2318 T % B,

" 1: Input; O: Output; G: Ground; P: Power; BST: BOOT Strap; OD: Open drain
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Positive pin for differential speaker amplifier output of channel 2.

2! ouTr O | avmittinih £

27 BSP2 BST Connection poir}t for.the OUTP? bootstrap capacitor, Whic}l is Eﬁeﬂ to create a power
supply for the high-side gate drive for OUTP2. OUTP2 H %% L 2/

24 BSN2 BST Connection pOil‘}t for.the OUTNZ bootstrap capacitor, whic}} is useq to create a power
supply for the high-side gate drive for OUTN2. OUTN2 H %% HL 5 A7
Negative pin for differential speaker amplifier output of channel 2.

25 OUTN2 o Qi A

28 AVCC2 Analog power supply of channel 2. 23# & Bl FL L A .
Multi-function pin. When pulled down, place channel 2 in shutdown mode. Also as a
speaker amplifier fault terminal, which is pulled LOW when an internal fault of channel 2

29 \SD?2 /0 occurs, open-drain output.
ZINRESIAl. PR, GEIE2AETRUAPRAS . RN IR AL, a2k R
LEEHRIN, %5 K.

31 GVDDI1 0] Voltage regulator of channel 1, connect 1uF to GND. 1i#ELDO, £ 1uFZ|Hi,

33 RINP1 I Positive input terminal for channel R1. 13831 47 7 18 IE St 5\ o

34 RINNI1 I Negative input terminal for channel R1. 13838 47 7 18 i -

35,36 PVCCRI1 P Power Supply for internal power circuitry of Channel R1. 13# & 47 5 I T IR

Provides both electrical and thermal connection from the device to the board. A matching

Ep GND G ground pad must be provided on the PCB and the device connected to it via solder. For

proper electrical operation, this ground pad must be connected to the system ground. Rf
st AEHIAPAD.
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B SPECIFICATIONS'

® Absolute Maximum Ratings?

PARAMETER Symbol MIN MAX UNIT
Supply voltage range (PVDD) PVob -0.3 20 \%
Input voltage range (LINP, LINN, RINP, RINN,\SD) Vi —0.3 5.8 \Y,
Operating temperature range TA -40 85 T
Operating junction temperature range Ty -40 150 C
Storage temperature range Tstc -50 150 C

® Recommended Operating Conditions
PARAMETER Symbol CONDITION MIN TYP MAX | UNIT

Supply voltage range Vob PVDD 45 18 \%
Operating temperature Ta -40 25 85 C
High-level input voltage ViH \SD, Spread on 25 55 \%
Middle-level input voltage Vim \SD, Spread off 1.7 21 \%
Low-level input voltage Vi \SD 0.8 \Y,
High-level input voltage ViH MODE 1.5 55 \%
Low-level input voltage Vi MODE 0.8 \%
Load impedance RL With output filter, OUT1 4 8 Q
Load impedance RL With output filter, OUT2 2 4 Q

® DC Electrical Characteristics
Conditions: Ta = 25°C, PVop = 4.5-18V, Load = 4ohm, unless otherwise specified.

PARAMETER Symbol CONDITION MIN TYP MAX | UNIT
Class Output Offset Voltage Vos Vi =0V, Gain = 32dB 1.5 mV
Quiescent supply current Iop Vop = 12V, No Load 30 mA
Quiescent supply current in | 15| Voo = 12V, With Load 22 uA
Rin = 0kQ 32 dB
System Gain Gain Rin = 8.9kQ 26 dB
Rin = 27kQ 20 dB
Turn-on time ton Pull \SD high or power on 80 ms
Turn-off time toff Pull \SD low 5 us
Gate drive supply GVDD 5 Vv

" Depending on parts and PCB layout, characteristics may be changed.

2 Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings only,
and functional operation of the device at these or any other conditions beyond those indicated under recommended operating conditions is not
implied. Exposure to absolute—maximum-rated conditions for extended periods may affect device reliability.
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® AC Electrical Characteristics
Conditions: Ta = 25°C, Voo = 4.5-18V, Load = 4Q + 2x8 Q, fix = 1 kHz, Gain = 26dB, Cin = 1uF, 20-20kHz, unless otherwise
specified.

PARAMETER Symbol CONDITION MIN TYP MAX | UNIT
VDD =10V, THD +N = 1% 10.8+2x5.6 w
RL=4Q+2x8Q, | THD+N = 10% 13.5+2%6.9 w
VDD =12V, THD +N = 1% 15.6+2x8 w
_ Ri=4Q+2x8Q, | THD+N =10% 19.4+2x10 W
Continuous output power Po
VDD = 14V, THD +N = 1% 21.1+2x10.9 w
Ri=4Q+2x8Q | THD+N = 10% 26.2+2x13.5 W
VDD = 16V, THD +N = 1% 27.5+2x14.2 w
RL=4Q+2X8Q, | THD+N = 10% 34.1+2x17.6 w
Total harmonic. distortion * | thp4N | Po = 1W, Voo = 12V, Ru = 40 0.08 %
Efficiency n VDD =12V, THD+N = 10% 90 %
Output integrated noise VN A-weighted, Gain = 26 dB 100 uVv
. . . A-weighted, Gain = 26 dB,
Signal-to-noise ratio SNR Po=1W/8 Q 89 dB
Power supply rejection ratio PSRR | 200mVpp 1kHz, Input grounded -75 dB
Oscillator frequency fosc 360 kHz
Spread frequency range +15 kHz
Qver tem_perature protection OTP 160 ©
trigger point
Overtemperature Protection OTPhys 10 ©
Hysteresis
Over current trip point oCP 7.5

Copyright©2023, Heroic Technology -7- 03/2023 — V0.2
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B TYPICAL OPERATING CHARACTERISTICS

Ipvdd vs PYDD
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Ta=25°C, PVDD =12V, fin = 1 kHz, Load_BTL = 8ohm, Load_PBTL=4ohm, LC filter=10uH+680nF, unless otherwise noted.

PO vsn Po vs PVDD
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PVDD=12V, LC filter=10uH+680nF,Po_BTL=2x1W,Load_ BTL=8ochm,Load PBTL=40hm,20-20khz THD<1%
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PVDD=12V, LC fiIter=10uH+680nF,Po BTL=2x7W,Load BTL=8ohm,Load PBTL=4ohm*,20-20khz THD<1%
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PVDD=16V, LC filter=10uH+680nF,Po_BTL=2x1W,Load_BTL=8ochm,Load PBTL=40hm,20-20khz THD<1%

T Tt T Fatio
2023/2/2817:42:18472 2023/2/28 17:51:27.900
100 =20 1 —20
50 L) 50 B2
10 10
20 20
10 . 0 =
H 5
3 3
2 2
2 T L 2
1 1
s ] | 051 a
L H < 0z z
z < _ 500m = z T T VT 500m =
o e e I I T T R e 2 L I VN
: - \ g - e ¢
2 oos = 2 005 N z00mE
= S = =
0.02 002 200m
001 0.01
100m 100m
0.005 0.005
0.002 50m 0.002 50m
0,001 0.001
30m 30m
0.0005 0.0005
20m 20m
0.0002 0.0002
0.0001 10m 0.0001 10m
20 30 50 100 200 300 500 1k 2k 3k sk 10k 20k 20 30 50 100 200 300 500 Tk 2k 3k 5k 10k 20k
Frequency (Hz) Frequency (H2)
= : — = = = 0,
PVDD=16V, LC filter=10uH+680nF,Po_BTL=2x5W,Load_BTL=8ohm,Load PBTL=40hm,20-20khz THD<1%
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PVDD=12V, Fin=1khz,LC filter=10uH+680nF,Load_BTL=8ohm,Load PBTL=40hm
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H APPLICATION INFORMATION
1 Power Supplies

The power supply for the HT32201 only require one voltage
from 4.5V to 18V, which supplies the analog circuitry and the
power stage.

The PVDD supply feeds internal LDO including GVDD.
This LDO output is connected to external pins for filtering
purposes, but should not be connected to external circuits.
The filtering capacitor for GVDD is recommended to be 1uF.

The PVDD also feeds the power stage of audio amplifier.
Filtering capacitors of 100nF//1uF//220uF for PVDD of each
channel should be placed close to the PVDD pin.

2 Amplifier Input and Output
2.1 Amplifier Input Configuration

HT32201 is an amplifier with analog input (single-ended or
differential). For a differential operation, input signals into
IN+ and IN- pins via DC-cut capacitors (CIN). The high pass
cut-off frequency of input signal can be calculated by

. The input signal gain is calculated by
Gain ~ R, /(External R, +Internal R,,). The Rr = 370k,
internal Rin=9.6k.

For a single-ended operation, input signals to IN+ pin via a

DC-cut capacitor (Ci). IN- pin should be connected to
ground via a DC-cut capacitor (with the same value of Ci).

Front Circuit

Lour
A

Figure 1 (1) Differential Input;

2.2 Amplifier Output Configuration

The HT32201 has been tested with a simple ferrite bead filter
for a variety of applications including long speaker wires up
to 10 cm and high power. One important aspect of the ferrite
bead selection is the type of material used in the ferrite bead.
Not all ferrite material is alike, so it is important to select a
material that is effective in the 10 to 100 MHz range which is
key to the operation of the class-D amplifier. The impedance
of the ferrite bead can be used along with a small capacitor
with a value in the range of 1000 pF to reduce the frequency
spectrum of the signal to an acceptable level. For best
performance, the resonant frequency of the ferrite bead/
capacitor filter should be less than 10 MHz. Also, the filter
capacitor can be increased if necessary, with some impact on
efficiency.

HT32201 i 2 1 it s, El7E PVDD
Ui i 4.5-18V.

GVDD J& N #i i) LDO it , 23U 1uF H
I

A~ @ 8 f) PVDD i B W&
100nF//1uF//220uF 15 HL 25 21

HT32201 S H7Z 70 A BRI o

BN, S50 MARERZE CIN
HEAEF] IN+ATIN-, I8 JE P A AU E Ry -

i ON R OSE
Gain ~ R, /(External R, +Internal R )
FHA, Rp=370k, internal Rn=9.6k

Fam AR, (552 ARE R CniER
2 IN+, IN-FEAR [F] A 7 23

Frort Circuit

(2) Single-ended Input

HT32201 fERZMN e, BRI,
IR FEIEF) 10em 2644, W] T REERAE
PEBAS o X THABRIIESE, AFRMEESEM G A
[FIIRIL, etz —=2AE 10M ~ 100MHz A&
Blo RTINS, TR InF [ R 3b2,
IR NN 10MHzZ,
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Ferrite
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Figure 2 Output Filters with Ferrite Beads

There may be a few circuit instances where it is
necessary to add a complete LC reconstruction filter.
These circumstances might occur if there are nearby
circuits which are sensitive to noise. In these cases, a
classic second order Butterworth filter similar to those
shown in the figures below can be used.

10 pH
OUT+—NW\

FESLERAE T, WA e AR AR S BN U

5 EMI & S XE LA BIRRAE, iyt 75 2200 LC IS -

L1

10 pH

Joes yF j:[] 4Q0-80

ouT- —o™ ™
L2

Figure 3 Output Filters with LC

3 Startup, Shutdown

The HT32201 employs a shutdown mode of operation
designed to reduce supply current (Ipp) to the absolute
minimum level during periods of nonuse for power
conservation. The \SD input terminal should be held high
during normal operation when the amplifier is in use. Pulling
\SD low will put the outputs to mute and the amplifier to
enter a low-current state. It is not recommended to leave \SD
unconnected, because amplifier operation would be
unpredictable.

For a better power on and power-off pop performance, place
the amplifier in the shutdown mode prior to delivering or
removing the power supply..

HT32201 HAKWiTAE, LA At A
DIFEIRZS . 2\SD s, sk N TARIRES;
\SD IR, A FEAKBOIRA

\SD A ESS, BN RRESAE

LR, i/ pop L fE B R AT,
R DTSR PHREN R IBRIRES -
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4 Spread Spectrum and De-Phase Control

The HT32201 device has built-in spread spectrum control of
the oscillator frequency and de-phase of the PWM outputs to
improve EMI performance. The spread spectrum scheme is
internally fixed and by setting the SD pin above 2.5V to turn
on.

5 Other Functions and Terminals

5.1 BSPx and BSNx Capacitors

The full H-bridge output stages use only NMOS transistors.
Therefore, they require bootstrap capacitors for the high side
of each output to turn on correctly. A 1uF ceramic capacitor
of quality X5R or better, rated for at least 25V, must be
connected from each output to its corresponding bootstrap
input. The bootstrap capacitors connected between the BSxx
pins and corresponding output function as a floating power
supply for the high-side N-channel power MOSFET gate
drive circuitry. During each high-side switching cycle, the
bootstrap capacitors hold the gate-to-source voltage high
enough to keep the high-side MOSFETs turned on.

6 Protection Functions

The HT32201 contains a complete set of protection
circuits carefully designed to make system design
efficient as well as to protect the device against any
kind of permanent failures due to short circuits,
overload, over temperature, under-voltage, and
over-voltage.

6.1 Over Temperature Protection (OTP)

This is the function to establish the over temperature
protection mode when detecting excessive high temperature
of HT32201. When the on-die temperature of HT32201 is
higher than OTP, the OTP mode is activated, the differential
output pin becomes weak low state (a state grounded though
resistivity), and the \SD pin is pulled low. When the on-die
temperature is then lower than OTP-OTPhys, the chip is
resume to work.

6.2 DC Detect Protection (DCP)

The HT32201 has circuitry which will protect the speakers
from DC current which might occur due to an internal
amplifier error. A DC detect fault will be reported on the \SD
pin as a low state. The DC Detect fault will also cause the
amplifier to shutdown by changing the state of the outputs to
Hi-Z.

A DCE event occurs when the output differential duty-cycle
of either channel exceeds 60% for more than 420 msec at the
same polarity. The table below shows some examples of the
typical DCE Protection threshold for several values of the
supply voltage. This feature protects the speaker from large
DC currents or AC currents less than 2 Hz.

HT32201 BAA Y HiThfe, LARTTEMIRIL. 2%
WrohfE, LA AMRIIFEIRS . MENARLE
H T 2.5V, ZINREIT I .

Thasn H 3K B ZLHMF K B ENMOS, - [F]t 75 22
H %% F A SR B v (1A AC P BIX B v i A 53
{8 FH—A~1uF,25V BA_E B 255582 T B Sxx Rt B
2 18]

HT32201 A — RFIRIhEE, WM AR . &R
Ry, B RIERP. SEAFE.

HT32201 %5 & TOTPIR R, & OTP{R
PINEEE B, TRk, \SDRAK.

HT32201 BA E R Dhae, DAL ml ge i mim\
IER S . RIIIRERAER, \SDRAK, Ihik
XM .

8 H AN I ) 25 M S AR R — A A
2 T 60% 3 B 42429ms UL, BRI
RETT A,

6.3 Short-Circuit Protection (OCP) and Automatic Recovery

The HT32201 has protection from over current conditions
caused by a short circuit on the output stage. The amplifier
outputs are switched to a high impedance state when the
short circuit protection latch is engaged. The short circuit
protection fault is reported on the \SD pin as a low state.

When OCP or OTP or DC error is detected, the
\SD pin will be pulled low. Because the \SD input
is low, it clear the error signal. After a ton time
(normally 1.3s), HT32201 will try restart.
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MHT32201 %0 H FE i & AR e, & & kAR, *40CP, OTP, DCP &A=}, \SDIJ =k Fi i,
O AW, \SDRK. 234 1.3s, HT32201 23 32 H 357 3 5.
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6.4 Under-Voltage Protection (UVP)

This is the function to establish the under-voltage protection
mode when power supply becomes lower than the detection
voltage VUVLL, and the protection mode is canceled when
the power supply becomes higher than the threshold voltage
VUVLH. In the under-voltage protection mode, the
differential output pin becomes weak low state (a stage
grounded through resistivity). HT32201 will start up within
start-up time when the under-voltage protection mode is
cancelled.

6.5 Over-Voltage Protection (OVP)

The HT32201 device monitors the voltage on PVDD voltage
threshold. When the voltage on PVDD pin exceeds the
over-voltage threshold (28V typ), the OVP circuit puts the
device into shutdown mode. The device recovers
automatically once the over-voltage condition has been
removed.

HT32201 BA RIERIPDhRE, LABT k50 N\ B R
.

MPVDD/NTVUVLLE, RIEGEY S5,
FIERH .. MPVDDETVUVLHE, FE & #HT
VIR

HT32201 K5 IPVDDHL s, 24 5 F-28 VT,
OVPJEZ), Ihida o, it k2 -dd, o
A B
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7 Typical Circuit Diagram
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8 PCB Layout
1.1 Top Layer
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1.2 Bottom Layer
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B PACKAGE OUTLINE
SQE (QFN6 X 6-36L)
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Dimensions in Millimeters
Symbol Min. NOM Max.
A 0.7 0.75 0.8
Al 0 0.02 0.05
A2 0.55
A3 0.203REF.
6BSC
E 6BSC
e 0.5BSC
D2 4.05 4.15 4.25
E2 4.05 4.15 4.25
L 0.45 0.55 0.65
k 0.375REF
aaa 0.1
cce 0.1
eee 0.08
bbb 0.1
ddd 0.05
fff 0.1
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IMPORTANT NOTICE
ER

Heroic Electronic Technology (Jiaxing) Co., Ltd (HT) reserves the right to make corrections, modifications, enhancements,
improvements, and other changes to its products and services at any time and to discontinue any products or services.
Customers should obtain the latest relevant information before placing orders and should verify that such information is
current and complete.
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HT assumes no liability for applications assistance or customer product design. Customers are responsible for their
products and applications using HT components.

HTXAH 9 R 1R 358 WA B DA B 25 7 777 il B AR 2R Wit AN R A AR AT B4

HT products are not authorized for use in safety-critical applications (such as life support devices or systems) where a
failure of the HT product would reasonably be expected to affect the safety or effectiveness of that devices or systems.

HT 8= f R A T8 04 fy 4 R 1R 46 S5 22 A AR s B B2 R R

The information included herein is believed to be accurate and reliable. However, HT assumes no responsibility for its use;
nor for any infringement of patents or other rights of third parties which may result from its use.
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Following are URLs and contacts where you can obtain information or supports on any HT products and application
solutions:

T AT DA AR B 2 B A SGBEB AR 2 7 3K

RiEBEFRHEE (FM) BRBFRAF

Heroic Electronic Technology (Jiaxing) Co., Ltd.

bk WL SN TR A K 33395 JRCRIEAKE =)=

Add: A 3rd floor, JRC Building, No. 3339, LingGongTang Road, Jiaxing, Zhejiang Province
Sales: 0573-82585539, sales@heroic.com.cn

Support: 0573-82586151, support@heroic.com.cn

Fax: 0573-82585078

Website: www.heroic.com.cn; wap.heroic.com.cn

Wechat MP: HEROIC_JX
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