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HT8513
Boosted Audio Amplifier

RNE BENRELHEMPGRZIIEER6.5W DERKABRFIMIRH AR

6.5W Boosted Class D and Class AB Audio Amplifier

B FEATURES

+ Anti-Clipping Function (ACF)

* Filter-less Modulation, Eliminating Output Filter

= Output Power

3W (VBar=3.3V, R.=4Q, THD+N<1%, 20-20kHz full

band)

6.5W (Vear=4.2V, R.=2Q, THD+N=10%, f=1kHz)

- Efficiency: 83% (Vear = 4.2V, f = 1kHz, Load =
4ohm+22uH, Po = 0.6W)

79% (Vear = 4.2V, f = 1kHz, Load = 40hm+22uH, Po
= 4W)

- Power Supply Vgar: 2.7V~5.5V

 Adaptive Sync Boost Converter

-Extends the playing time in battery supply
applications
-Adjustable switch peak current limit to avoid
over-pulling on battery current

* Class AB /Class D

= Over Current Protection, Thermal Protection, Low

voltage malfunction prevention function included
- Pb-Free Packages, SSOP10L-PP

B APPLICATIONS
- Bluetooth/Wi-Fi Speakers - Portable Speakers

- Smart speakers = Smart Home

- BrRIT K B ThRE(BGRK &, Anti-Clipping Function,

ACF)

- RIRRERB AR, BEERIESR

- BT

3W (VBar=3.3V, R=4Q, THD+N<1%, 20-20kHz full
band)

6.5W (Vear=4.2V, R.=2Q, THD+N=10%, f=1kHz)
- K 83% (Vear = 4.2V, f = 1kHz, Load =
4ohm+22uH, Po = 0.6W)

79% (Vear = 4.2V, f = 1kHz, Load = 40hm+22uH,
Po = 4W)
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HT8513
Boosted Audio Amplifier

B DESCRIPTION

HT8513, integrated with adaptive sync boost converter, is a
mono Class D audio amplifier that drives up to continuous
3W (<1% THD+N, 20-20kHz full band) into 4ohm speaker
and 6.5W (10% THD+N, 1kHz) into 2ohm speaker from a
Li-battery voltage. It also integrates Class AB ampilifier.

The built-in sync boost converter generates a supply
voltage of 6.2V for the audio amplifier. The boost converter
is adaptive and is automatically active only when the peak
output audio signal exceeds a preset voltage threshold,
which is optimized to prevent clipping while maximizing
system efficiency.

HT8513 features Anti-Clipping Function (ACF) which
detects output signal clip due to the over input signal and
suppresses the output signal clip automatically. Also, the
ACF function can adapt the output clip caused by power
supply voltage down with battery. It can significantly
improve the sound quality, creating a very comfortable
musical enjoyment, and to protect the speakers from
overload damage.

Class AB amplifier mode is also available for HT8513. Once
the EMI Interference from class D and Boost Converter
becomes an annoying problem, HT8513 can be changed
into Class AB mode.

HT8513 has a filter-less modulation circuit which directly
drives speakers while realizes low distortion and low noise
characteristics. Thanks to filter-less, circuit design with
fewer external parts can be made in portable applications.

As for protection function, over current protection function
for speaker output terminals, over temperature protection
function are also prepared.
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HT8513

Boosted Audio Amplifier

B TYPICAL APPLICATION

Typical Appli{:a‘lion R||_|M IPEAK L D CMT CPOU'I'
2ohm Load 82k 4.5A 4. 7uH 5532 1uF//10uF//100uF  |1uF//10uF//470uF
3ohm Load 82k 4.5A 4. 7uH 5532 JuF//10uf//100uF | 1uR//10uR//470ufk
dohm Load, Po>3W, THD+N>1% |82k—100k |3.5-38A |luH-4TuH|S532 1uF//10uF 1uF//10uF//220uF
dohm Load, Po=3W, THD+N<1% [110k 35A 1uH NC 1uF//10uF 1uF//10uF//10uF
8ohm Load 200k 224 1uH NC 1uF//10uF 1uF//10uF
D
~E
278y v
©
=1uH 1uF  10pF  10pF
| 10uF1pF WL S EoUT o _HL _ML
Com L LI LT T
AT = R el = = =
L
10R
g HT8513
IT
CTRLpin  Chip Mode '|_ C Rum
o Shutdown M
1~1.2V Class AB, ACF off, Adaptive boost disabled
1.5~2.2V Class D, ACF on, Adaptive boost enabled -« |cw
2.5V~vbat Class D, ACF-off, Adaptive boost enabled
Rix
Differential Input ©_1q|cw_’\g\/\’7 IN+ outp
Or Single-ended Input o luq [ A'V IN- OUTN
Class D Av = 374k/(19k+Ry),
Class AB Av = 185k/(19k+Ry)
f.aas = L[2M(19k+Rw)Cn]
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Boosted Audio Amplifier

B ORDERING INFORMATION

Ordering . Operating Temperature _—
Number Package Type Marking Range Shipping Package / MOQ
HT8513sp “~ are Tape and Reel (R) /
HT8513SPE SSOP10L-PP(SPE) YYYMAABL -40°C~851C 2500pcs

Ordering Number

HT8513 SPE

Package Type

R
\—> Shipping Package

Part Number

Production Tracking Code

YY¥ M AA

Lot Number

Date Code - Month

B
;» Random Code

Internal Code

-4- 10/2021 - V0.5
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Boosted Audio Amplifier

B TERMINAL CONFIGURATION

pout (I [ © T 1 ouTN
r-——=——= |
|
sw I = | L D ewo
I EP [
ctre =1 | GND | E=—13 oute
l |
|
oM | : 7T AvBAT
l |
(5] ——————— 5 T -

SSOP10L-PP(SPE) Top View
B TERMINAL FUNCTION

Terminal No. Name 1/0t Description

1 POUT P Boosted output voltage. 4t i

2 SW | Boost and rectifying switch input. F i B8 T 5 viig

3 CTRL I Mode Control Terminal. #4281 I

4 ILIM | Adjustable_swi_tch peak currer;t Iimit.\ An gxterzlfl resis}or should be connected
between this pin and GND. # KIRR(E & B, ShE i fH R,

5 IN+ | Positive input (differential+) for audio amplifier. iy A

6 IN- | Negative input (differential-) for audio amplifier. %\ IF ¥

7 AVBAT P Power supply for internal analog circuitry. #5401 B 5 i

8 OUTP 0 Positive pin for differential speaker amplifier. i H! IF

9 PVDD P Power supply for internal power circuitry. Zh% &

10 OUTN 0 Negative pin for differential speaker amplifier. i H 471 i

Ep GND G Grou_nd for power circuitry, and 'I_'hermal Pad. A njatc_hing ground pad should be
provided on the PCB and the device connected to it via solder. 3.

5 10/2021 - V0.5
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Boosted Audio Amplifier

B SPECIFICATIONS'

® Absolute Maximum Ratings?

Item Symbol Min. Max. Unit
Supply voltage range VBAT -0.3 5.5 \
Input terminal voltage range VIN —0.3 AVBAT+0.3 \%
Operating Ambient Temperature Ta -40 85 C
Junction Temperature Ts -40 150 C
Storage Temperature Tste -50 150 C
® Recommended Operating Condition
ltem Symbol Conditions Min. Typ. Max. Unit
Supply voltage range VBAT 3.0 5.5 \
Operating Ambient Temperature Ta -40 25 85 C
High-level input voltage ViH 1.0 \%
Low-level input voltage Vi 0.3 \%
Speaker Impedance R 2 4 Q

® Electrical Specification®

Item | Symbol Conditions Min. Typ. Max. Unit
BOOST Converter
Boost converter output PVDD 6.2 v
voltage
Boost converter fow 750 KHz
frequency
5&?;53” threshold VB_TH1 Amplifier Output Vp 1.625 VRrMs
Boost startup time teoosT_on 25 us
Boost shut off time tsoosT_oFF 320 ms
o Adjustable, RiLm=100k 3.8 A
Peak current limit ILim -
Adjustable, RiLm=200k 2.1 A

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

2 Absolute Maximum Ratings is values which must not be exceeded to guarantee device reliability. With a system in which
supply voltage might exceed supply voltage of PVYDD/GND, external diodes are recommended to be used to assure that the
voltage does not exceed the absolute maximum rating

3 Depending on parts and pattern layout, characteristics may be changed.

-6- 10/2021 - V0.5
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Boosted Audio Amplifier
Item | Symbol | Conditions Min. Typ. | Max. | Unit
Class D Channel Vss=0V, Vear =3.7V, Rin = 10kohm, Ta=25°C, Cin=1uF, ACF-Off mode, unless otherwise specified
Carrier clock frequency frwm 360 kHz
Over current protection Imax 35 A
System Gain Av External Rin=0Q 25.8 dB
Start-up time (power-
on, shutdown release tsTUP 90 ms
or shift between class
D and Class AB)
Shutdown fade out time Tro 50 ms
ACF attenuation gain Aa -16 0 dB
ponsumptlon current o CTRL=Vss 1 LA
in shutdown mode
Total Harmonic THD+N Po=1.0W, RL=4Q, f=1kHz 0.15 %
Distortion plus Noise
. f=20Hz~20kHz, A weighted,
Output Noise VN Av=22dB 80 HVims
Output offset voltage Vos t2 mV
Quiescent current leaT 3.2 mA
RL=4Q 4.7
RL=80Q VBaT=3.7V, 27
— f=1kHz,
R=3Q THD+N=10% 55
RL=2Q 6.3 w
Output Power Po RL=40Q Veat=3.7V, 3.8
RL=8Q f=1kHz, 2.1
RL=3Q THD+N=1% 45
RL=40 THD+N<1%, 3 W
RL=80) 20-20kHz full 15 W
- band :
Veat=4.2V, RL=4Q+22uH, 79 %
Efficiency (Class D + THD+N = 10%
Boost) n Vear=4.2V, Ri=8Q+22uH,
_ 85 %
THD+N = 10%
Item Symbol Conditions Min. Typ. Max. Unit
Class AB Channel ! Vss=0V, Veat =3.6V, Cin = 1UF, Rin = 150hm, Ta=25°C, unless otherwise specified
RL=4Q,
VeaT=3.6V 1.3 W
Ri=4Q, f=1kHz,
Vear=4.2V THD+N=10% 1.9 w
RL=_4Q, o8 W
Vea1=5.0V
Output Power Po —
RL=4Q, 11 W
Vea1=3.6V )
Ri=4Q, f=1kHz,
Vear=4.2V THD+N=1% 1.5 W
RL=4Q,
Vea1=5.0V 22 W
Total Harmonic Po=0.01W RL=4Q, 0.15 %
; . : THD+N _
Distortion plus Noise Po=0.1W f=1kHz 0.08 %
. f=20Hz~20kHz, A weighted, UVrm
Output Noise VN Av=20dB 45 .
Output offset voltage Vos +1 mvV
. Ri=4Q, THD+N = 10% 73 %
Efficiency n
R.=8Q, THD+N = 10% 78 %

1 In Class AB amplifier mode, boost converter is shutdown automatically. Due to the schottky rectifier, the voltage of PVDD terminal can be
lower than VBAT, depending on the forward voltage of the rectifier V.
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System Gain Avo External Rin=0Q 19.7 dB
Quiescent current IBAT 8 mA
ltem Symbol Conditions Min. Typ. Max. Unit

CTRL Terminal Voltage

ACF Off (Class D,
Adaptive boost
enabled) mode setting
threshold voltage
ACF On (Class D,
adaptive boost
enabled) mode setting
threshold voltage
ACF Off (Class AB,
boost disabled) mode
setting threshold
voltage

SD mode setting
threshold voltage

Vmob1 25 Vbat \%

Vmob2 1.5 2.2 \%

VmoD4 1.0 1.2 \Y

VmoDs 0 0.3 \Y

SD wake up voltage VcTRL_ON 1.0 \%

8- 10/2021 - V0.5
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B TYPICAL OPERATING CHARACTERISTICS

Viar VS lgar Vinr VS lgar
8.00 10.00
Input Grounded Input Grounded
Class D Class AB
6.00 3.00
e ——
4 9
= g
A L — Ty vt
A =
2.00 4.00
0.00 2.00
2.5 3 3.5 4 4.5 5 5.5 25 3 3.5 4 4.5 5 5.5

Vgar (V) Vear (V)

Class D, VBAT = 3.7V, fin = 1kHz, Rin = OR, Cin = 1uF, Rium = 82k, ACF off, Load = 4ohm, unless otherwise specified.
Audio Precision 03/25/21 10:20:45

20
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7
7
7
5 7
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1 T
1
1
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5
% O I
|
0.2 /
— ——
| 1
0.1
0.05
0.02
0.01
10m 20m 50m 100m 200m 500m 1 2 5 10
w
Sweep Trace Color LineStle Thick Data Ads  Comment
1 1 Red  Solid 2 Analyzer. THD+N Ratio A Left  1kHz4R LOAD

Po vs THD+N
Audio Precision 03/25/21 10:39:24
10
Aoy 9
AP
5 7
-5
2
| a
1 3
0 i
5
. v 2
\
0.2 \\
% 0.1 . 1 w
t
T N
0.05 Y 700m
| " o
0.02 \Vl\ - 500m
\ - 400m
0.01 ! /\J 300m
0.005
200m
0.002
0.001 100m
20 50 100 200 500 1k 2k 5k 10k 20k
Hz
Sweep Trace Color Line Style Thick Data Ads Comment
1 1 Red Solid 2 Analyzer. THD+N Ratio A Left 0.5W 4R THD
1 2 Blue  Solid 2 Analyzer.Level A Right 0.5W 4R Po

f vs THD+N (Po = 0.5W)
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Audio Precision 03/25/21 10:41:28
10
A 9
PH
5 7
]
2
4
1 3
0.5 \
\
\ 2
0.2 \\
% 0.1 : 1 w
t
t "
0.05 . 700m
| L
\ |- 500m
0.02
\ /\ |- a00m
0.01 s A A 300m
=
Y
0.005
200m
0.002
0.001 100m
20 50 100 200 500 1k 2 5k 10k 20k
Hz
Sweep Trace Color Line Style Thick Data Ads  Comment
1 1 Red Solid 2 Analyzer THD+N Ratio A Left 1W4R THD
1 2 Blue Solid 2 Analyzer.Level A Right 1W4R Po
fvs THD+N (Po = 1.0W)
Audio Precision 03/25/21 10:43:10
10
Aoy 9
PH
5 7
]
2
la
1 3
Y
0.5 A
T 2
0.2 \\
% 0.1 L 1 w
T
L -
0.05 t 700m
¥ L
\ |- 500m
0.02
\/\ - a00m
001 : 300m
—7
 —
0.005 W
200m
0.002
0.001 100m
20 50 100 200 500 1k 2 5k 10k 20k
Hz
Sweep Trace Color Line Style Thick Data AXis Comment
1 1 Red Solid 2 Analyzer THD+N Ratio A Left 2W 4R THD
1 2 Blue  Solid 2 Analyzer.Level A Right 2W 4R Po
fvs THD+N (Po = 2.0W)
Audio Precision 03/25/21 10:45:28
10
e
A
5 7
5
2
la
1 3
5 ax
o. \\ )
02 ] \
% 0.1 \ 1 w
t
L -
0.05 t 700m
| L
- 5001
0.02 \ m
\,\ /\/ I 400m
001 \/ 300m
0.005
200m
0.002
0.001 100m
20 50 100 200 500 1k 2 5k 10k 20k
Hz
Sweep Trace Color Line Stle Thick Data Ads  Comment
1 1 Red Solid 2 Analyzer THD+N Ratio A Left 3W4R THD
1 2 Blue Solid 2 Analyzer.Level A Right 3W4R Po

f vs THD+N (Po = 3.0W)
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Boosted Audio Amplifier

Audio Precision

03/13/21 20:56:21

+30

D)

+27

+26

+24)

+22

+21

= L e

+20
50 100 200 500 1k 2k

Hz

5k

10k 20k

Sweep Trace Color Line Style Thick Data Ads  Comment

1 1 Red  Solid 2 AnalyzerLevel A Left

frequency respond (Rin = OR, Ciny = 1uF)

Audio Precision

03/13/21 21:42:45

+25

)

+24.5

+24

+235

+22.5

r +215

+20.5

+20

+19.5

+19

+18.5

+18

@
N
S [T T T T T T T \ T T T[T [T TTTT

50 100 200 500 1k 2k
Hz

5k

10k 20k

Sweep Trace Color Line Style Thick Data Ads  Comment

1 1 Red  Solid 2 AnalyzerLevel A  Left

frequency respond (Rin = 10k, Cin = 1uF)
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Boosted Audio Amplifier

Audio Precision 03/13/21 20:49:28
5 10
: o)
asf s
4: |
[ L2
35F
r -1
1‘: 0.5
v 2_:: %
[ 02
2
[ 0.1
15F -
[ I 0.05
1F i
: I 0.02
500m -
'lHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH001
25m 50m 75m 100m 125m 150m 175m 200m 225m 250m 275m 300m 325m 350m 375m 400m 425m 450m 475m  500m
Vrms
Sweep Trace Color Line Style Thick Data Axis  Comment
i 1 Red  Solid 2 AnalyzerLevel A Left
Vin vs VOUT (Rin = OR, ACF on)
Povsn Vear Vs Po
100
6.00
Class D,| ACF OFF
0 FEA——— s0p |Load = 4ohm
\’—-\_____ . fJN T
g & £ 400 Rum= B2k
= (=]
o
10 [ ClassD ——VBAT=4.2V 3.00
Load=4ohm+22uH
fin = 1kHz VBAT=3.7V e THD+N=1%
20 2.00
e \/BAT=3.3V e THD+N=10%
1.00
0 25 3 3.5 4 45 5 5.5
0 1 2 3 4 5 v
Po(W) par (V)
Class D, VBAT = 3.7V, fin = 1kHz, Rin = OR, Cin = 1uF, Rium = 82k, ACF off, Load = 3ohm, unless otherwise specified.
Audio Precision 03/25/21 10:23:42
20 A@
10! -
7
5 7
2 /
1 ./
I
% 0.5 I,
/
0.2 S
_—////
0.1
0.05
0.02
0.01
20m 50m 100m 200m 500m 1 2 5 10
w
Sweep Trace Color Line Style Thick Data Axis  Comment
1 1 Red Solid 2 Analyzer. THD+N Ratio A Left 1kHz3R LOAD
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Audio Precision

03/25/21 10:58:08

10 A5 9
5 77 7
s
2 4
1 3
0.5 ¥
— 2\ 2
0.2 — \\
% 0.1 T 1 w
0.05 “\ I 700m
| B
\ |- 500m
0.02 \/\ |- 400m
0.01 T 300m
0.005 200m
0.002
0.00120 50 100 200 500 1k 2k 5k 10k 20k
Hz
Sweep Trace Color Line Style Thick Data Ads  Comment
1 1 Red Solid 2 Analyzer THD+N Ratio A Left 1W 3R THD
1 2 Blue Solid 2 Analyzer.Level A Right 1W 3R Po
f vs THD+N (Po = 1.0W)
Povsn Vear Vs Po
100 6.00
Class D,| ACF OFF
20 500 Load = 3ohm
fin = 1kHz
g £ 400 Rum=82K
= =]
Ay
10 Class D i VBAT=4, 2V 3.00
Load=3ohm+22uH
fin = 1kHz VBAT=3.7V —THD+N=1%
20 2.00
e \/BAT=3.3V e THD+N=10%
1.00
0 2.5 3 35 4 45 5 55
0 1 2 3 4 5 N
Vear (V)

Po (W)

Class D, VBAT = 3.7V, fin = 1kHz, Rin = OR, Cin = 1uF, Rium = 200k, ACF off, Load = 8ohm, unless otherwise specified.

Audio Precision

20,

03/25/21 10:28:48

10

B A0

™~
~
~N

0.5

0.2

Nl

0.1

0.05

20m 50m 100m

200m

500m 1 2 5

Sweep Trace Color Line Stle Thick Data Axs Comment

1 1 Red Solid 2 Analyzer THD+N Ratio A Left 1kHz8R LOAD
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HT8513
Boosted Audio Amplifier

%

100 ’
50 Zp)
50 Fis
20 =
20 Fi6
10! 10 F
5 i 14
2 — 2 |12
1 % 1 — 1w
05
= i 05 T I 80om
02 \ L
\ 02 \ -600m
0.1 0.1 -
0.05 ‘.‘\ 0.05 :—ADOm
0.02 \ |-200m
> 0.02 g
0.01 0 0.01 =0
20 50 100 200 500 S % 5k 10k 20k 20 50 100 200 500 1k 2 5k 10k 20k
Hz Hz
Sweep Trace  Color Line Style  Thick ~ Data Axis  Comment Sweep Trace Color Line Style Thick Data Axis  Comment
1 1 Red Solid 2 Analyzer. THD+N Ratio A Left 3.3V, 8ohm, 1.5W 1 1 Red Solid 2 Analyzer. THD+N Ratio A Left 3.3V, 8ohm, 1W
1 2 Magenta ~ Solid 2 Analyzer.Level A Right 3.3V, 8ohm, 1.5W 1 2 Magenta ~ Solid 2 Analyzer.Level A Right 3.3V, 8ohm, 1W
fvs THD+N FR.ats2 fvs THD+N FR.ats2
o 75 oVsn
100
20
10
° 80 =
2
1 |
—~
05 £ o0
=
02 \\ =
0.1,
oos— ; 4o | ClassD e VBATZ4.2V
X T
oo { Load=8ohm+22uH
0'0] EO fIN = 1kHz VBAT=3.7V
20 50 100 200 500 1k 2k 5k 10k 20k 20
Hz s \/BAT=3.3V
Sweep Trace Color Line Style  Thick Data Axis  Comment
0
1 1 Red Solid 2 Analyzer. THD+N Ratio A Left 3.3V, 8ohm, 0.5W 0 1 2 3
1 2 Magenta  Solid 2 Analyzer.Level A Right 3.3V, 8ohm, 0.5W
Po(W)
fvs THD+N FR.ats2
Vgar Vs Pg
3.00
Class D, ACF OFF
Load-=-8ohm
250 H=tkH
g Rium=82k
o
S 200
1.50 FHE+N=16
e THD+N=10%
1.00
2.5 3 3.5 4 4.5 5 5.5
Vaar (V)
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Class AB, VBAT = 3.7V, fin = 1kHz, Rin = OR, Cin = 1uF, Load = 4ohm, unless otherwise specified.

Audio Precision

03/13/21 21:23:44

20
)
10 = 7
7 7
y A A
7 7
5 7 7/
/ /
/ /
2 [ T
1 / /
T i
i i
% 05 I I
| |
02 ]
— [ ]
0.1 v 7
7 7
v VA
VA
0.05
0.02
0.01
10m 20m 50m 100m 200m 500m 1 2 5
w
Sweep Trace Color Line Stle Thick Data Ads Comment
1 1 Red  Solid 2 Analyzer THD+N Ratio A Left VBAT=4.2V
2 1 Blue  Solid 2 Analyzer THD+N Ratio A Left VBAT=3.7V
3 1 Yellow  Solid 2 Analyzer THD+N Ratio A Left VBAT=3.3V
Po vs THD+N
Audio Precision 03/13/21 21:11:43
1 1
=~
7P)1
0.5 F o
02 -800m
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01 Nt -700m
\\ u
0.05 — \ |-600m
% | A \ - w
0.02 T -500m
o \ :
001 - -400m
Ay I
X
0.005 — -300m
0.002 |-200m
0.001 " 100m
20 50 100 200 500 1k 2k 5k 10k 20k
Hz
Sweep Trace Color Line Style Thick Data Ads  Comment
1 1 Red  Solid 2 Analyzer. THD+N Ratio A Left
1 2 Blue  Solid 2 Analyzer.Level A Right

f vs THD+N (Po = 0.5W)
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Audio Precision 03/13/21 21:14:49
1 2
.
797) -
05 118
I-1.6
0.2 N
0.1 k 14
T N
Y s
5 \ 1.2
0.0 ] \\_‘ n
% - w
LT \ 1
0.02
| — I
~I 1 | | I-800m
0.01 1 o
T N
\\ 1-600m
0.005 r
\ N
- -400m
0.002 -
[-200m
0.001 a
20 50 100 200 500 1k 2k 5k 10k 20k
Hz
Sweep Trace Color Line Style Thick Data Ads  Comment
1 1 Red  Solid 2 Analyzer. THD+N Ratio A  Left
1 2 Blue  Solid 2 Analyzer.Level A Right
fvs THD+N (Po = 1.0W)
Audio Precision 03/13/21 20:57:48
+25[
: A0
+24:
+23 L
+22 :
+21fF
d u
B u
r +20 »
L L—T|
A +19 :
+18F
+17 :
+16 :
+155
20 50 100 200 500 1k 2k 5k 10k 20k
Hz
Sweep Trace Color Line Style Thick Data Axis  Comment
1 1 Red  Solid 2 AnalyzerLevel A Left

frequency respond (Rin = OR, Cin = 1uF)
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Audio Precision 03/13/21 21:41:38

D)

a

+10

N
ST

50 100 200 500 1k 2k 5k 10k 20k
Hz

Sweep Trace Color Line Style Thick Data Axis  Comment

1 1 Red  Solid 2 Analyzer.Level A Left

frequency respond (Rin = 10k, Cin = 1uF)

Povsn Vigar Vs Pg

Class AB

0 100 Load = 4ohm
— toad=d4ohm .
fin = 1kHz

le =1kHz /
) /; v //
10 2.00 /
e VBAT=4.2V
VBAT=3.7V 1.00

e ——THD=10%

Class AB

(%)

Po (W)

20
s \/BAT=3.3V.

2.5 3 3.5 4 4.5 5 5.5
PO (W) VliAT (V)
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B APPLICATION INFORMATION
1 Adaptive Boost Converter

The HT8513 consists of an adaptive boost converter and an
audio amplifier. The boost converter takes the supply voltage,
VBAT, and increases it to a higher output voltage to drives the
audio amplifier. This improves loudness over non-boosted
solutions. An external inductor should be added for the boost
converter.

The boost converter is adaptive and activates automatically
depending on the output audio signal amplitude. When the
output audio signal exceeds a preset voltage threshold (Boost
on Threshold Voltage Vs th), the boost converter is enabled,
and the output voltage of boost converter is the preset voltage.
When the audio output voltage is lower than the threshold
voltage, the boost deactivates automatically.

To avoid an accidental large peak current, an internal cycle-
by-cycle current limit is adopted. The low-side switch is
turned off immediately as soon as the switch current touches
the limit (ILIM). The peak switch current limit (Ipeak) can be
set by a resistor (RiLiv) at the ILIM pin to ground, see as the
following table. The Isar of the inductor for the boost
converter should be larger than the peak switch current.

HT8513 A& —A H &M A KM —AN Tkt
Horp BIE N TR R N R VBAT
FHEZE S EE, DIRHES T 1%k i
FH Dk % Th o 1% B IE BT e 75 ZEAMHCE
HHLJ#

HT8513 LI+ R B HiE R 2 Bt
JEYiRE, BPRA U S KT HAERE Ve
i, HT8513 A< AR A, ZIRE
RE N R GUBARBCR, FERRE R RO
CERLESSn |

7E TILIM JHI AN 2 H BH (R 56— A L 28

(Coum) EI3t, AT 3¢ BT IS 5 S K VA LA
IR THE R AT KT Ipeake.

Table 1 Component Selection for typical peak switch current

Rium Ipeak
82kQ 4.5A

100kQ 3.8A

110kQ 3.5A

120kQ 33A

130kQ 3.0A

150kQ 2.6A

180kQ 23A
200kQ 2.1A

1.1 BOOST Converter Input and Output Capacitor Cvear, Crour

For basic usage with 4ohm or larger load, at least 1uF//10uF
(paralleled) is highly recommended to be placed in input
terminal as closely to the pin as possible, and at least
1uF//10uF//10uF (paralleled) is highly recommended to be
placed in output terminal as closely to the pin as possible.

1.2 Inductor selection

Inductor current rating is determined by the requirements of
the load. The inductance is determined by two factors: the
minimum value required for stability and the maximum ripple
current permitted in the application. L = 1uH, DCR <
0.150hm, Isar = Ipeak is recommended for general
application circuit..

XF T 4ohm BB R RE B ) 67 28k 56 L
., FH RN 2 /0 55 22 1uF/10uF F8%, Tk
iy o 22 /D SR 1uF/10uF//10uF JEEE, FELAT
RE ST AH B

LUK IR e 3 R BN 5 B HUEME . DCR AN

FIH. #i#F L = 1uH, DCR < 0.150hm, ISAT

= Ipeak
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1.3 EMI Consideration

Adding an RC snubber across the SW pin and the power
ground can help reduce the radiation EMI levels. The RC
snubber should be placed as close as possible to the switching
node and the power ground.

Rs

1

SW Sl RC F#h, WA 2%k D 4a T3,
RC HLE TR AT RESEIL SW A GND.

SW

Figure 1 Placement of RC Snubber

The following table shows typical applicaions with different
loads for a quick start of design.

RS T AR SN ) L7 ST fi
2%,

Table 2 Typical Boost Converter Configurations for Different Applications

Typical Application | RiLim IPEAK | L D Cear Crout

2ohm Load 82k 4.5A 4.7uH SS32 | 1uF//10uF//100uF | 1uF//10uF//A70uF
3ohm Load 82k 4.5A 4. 7uH SS32 | 1uF//10uF//100uF | 1uF//10uF//470uF
4ohm Load, Po>3W,

THD+N>1% 82k~100k | 3.5-3.8A | 1uH~4.7uH | SS32 | 1uF//10uF 1uF//10uF//220uF
4ohm Load, Po<3W,

THD+N<1% 110k 3.5A 1uH NC 1uF//10uF 1uF//10uF//10uF
8ohm Load 200k 2.2A 1uH NC 1uF//10uF 1uF//10uF

2 Analog Signal Input Configuration

HT8513 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 (Civ) and external input resistors
Rmv. The input signal gain is calculated by . And the high pass
cut-off frequency of input signal can be calculated by

~ Rr Rr = 374k, Rix = 19Kk in Class D

V= External Ryy+Internal Ryy’
mode. Rr = 185k, Rix = 19k In Class AB mode. And the high
pass cut-off frequency of input signal can be calculated by

1

fe

For a single-ended operation, input signals to IN+ pin via a
DC-cut capacitor (Civ) and external input resistor (Rm). IN-
pin should be connected to ground via a DC-cut capacitor and
external input resistor (Riv) (with the same value of Civ and
Rmv). The Gain and high pass Cut-off frequency are the same
as the above case.

" 2m(External Ry+Internal Riy)XCy’

HT8513 2 32 1 Ul 2 43 ol 5355 35 15 5
AN, PR PWM ik (55 (D 2R8E0) 8%
BifE5 (AB K0 KB/ 4%

X ZE N, R E A Cin Al HLBH
Rin 2 7l & N &) IN+ A0 IN-3% . &R 403 35
= Re D 450 F, Re = 374k,

V= External Ryy+Internal Ryy’
RlN = 191(, AB %*ﬁﬁ? RF = 1851(, RlN = 19kc
Ol g K ok RN f
1

2n(External Riy+Internal Riy)XCNy °

XA, T Cin #5421 IN+3 . IN-
Ui A B I A N L PH AT S (55 Cine Rin fELAR
[F]) Fettho 3425 Av FIELESNE fo 572 5 i NI
HATA

[20=]

o

= j—
=] =

Front Circuit HT8515 Front Circuit HT8515
IN+ A A IN+
Ci External z’—'\kA/Ig/ternal Zout N Externala—'\k/vlé/ternal

ZOUT

— AR

Figure 2 (1) Differential Input;

(2) Single-ended Input
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3 Output Configuration

As mentioned, HT8513 can directly drive speakers without
any other components. But there are exceptions. Once
HT8513 works in class D mode, the cable lined to the speaker
is very long, and EMI is concerned, ferrite beads or L-C filter
is needed.

4 CTRL Terminal Device Functional Modes

HT8513 can work in different modes by setting the CTRL
terminal, shown as follow.

— BT 5 i ) B R I
SRy o e 2R, BB EMI [ EDR AR
i AL RN B AR A AR A TR LC DEBAE -

HT8513 7& CTRL 4 AAS[A] H B AR, HESE
B4 R TAERR, FEWRER.

Table 3 CTRL Terminal Configuration

CTRL Voltage
Mode

MIN TYP MAX

Class D mode in ACF-Off with adaptive Boost 25V 33V VBAT
Converter enabled

Class D mode in ACF-on with adaptive Boost Converter 15V 1.8V 29V

enabled

Class AB mode in ACF—Off with adaptive Boost LoV L1V 1oV
Converter disabled

SD(Shutdown) Mode ov ov 0.3V

4.1 Anti-Clipping Function (ACF)

In ACF on mode, HT8513 attenuates system gain to an
appropriate value when an excessive input is applied, so as not
to cause the clipping at the differential signal output. In this
way, the output audio signal is controlled in order to obtain a
maximum output level without distortion. And HT8513 also
follows to the clips of the output waveform due to the decrease
in the power-supply voltage.

The Attack time of ACF Function is a time interval until
system gain falls to target attenuation gain -3dB when a big
enough signal input. And, the Release Time is a time from
target attenuation gain to not working of ACF. The maximum
attenuation gain is 16dB.

£ ACF on #5520 R, 24 s G Bl N5 5
M 55 3 KT 7 A A U TR, HT 8513 Jlid i 30
THE R GRS, P A B — RO IR T
MR B IR, R RSGE 785 R
AN, YRR L RN, HT8513 AL H B
TR IG5, 92BlS PVDD R MR AH UL ) 55
KPR FE TE I 004 H 7K

ACF U JE st ] (Attack time) F87E
FEIRBN R KAS 5 1 7= AR S M TR 44T
ACF Ja gl UK AR 136 25 223 %, Bl ms/dB
AT, BEIRUNE] (Release time) $8 774 i Ti
PN SRR O, 1R H R IROIR A R, DA
ms/dB NEf7 . HT8513 & KIZ M 25N
16dB.

Table 4 Attack time and Release time

ACF mode Attack time

Release time

ACF on 50ms

180ms
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(1) Excessive Inputs

SRAVAVAVAVAVAVAL Y

Total
Gain
Av=Av,+Aa

Initial Gain

Excessive
Inputs

Attenuation
Gain
-16dB<Aa<0

Clipping
Detection

(2) Appropriate inputs

Initial Gai Total
AVAVAVAVAVAVAA TS L L Gain
Avg
Av=Av,+Aa
Power Supply Clipping
Decreasing Detection

ACF
Attenuation
Gain
-16dB<Aa<0

ACF ON

Peak +
Output

Peak -

Attack Time Release Time

ACF OFF Poak +

Peak -

(—)}l <>
Attack Time  Release Time

Table 5 the ACF Function Operation Outline

4.2 SD Mode

In shutdown mode, HT8513 shuts all circuit down and
minimizes the power consumption. And, the output terminals
become Weak Low (A high resistance grounded state)

5 Protection Function

HT8513 has the protection functions such as Over-Current
Protection function and Thermal Protection function.

(1) Over-current Protection function

When a short circuit occurs between one output terminal and
Ground, PVDD, or the other output, the over-current
protection mode starts up. In the over current protection mode,
the differential output terminal becomes a high impedance
state. Once the short circuit conditions are eliminated, the over
current protection mode can be cancelled automatically.

(2) Thermal Protection function

When excessive high temperature of HT8513 (150°C) is
detected, the thermal protection mode starts up. In the thermal
protection mode, the differential output terminal becomes
Weak Low state (a state grounded through high impedance).

FERWIE S (RIDFERAL T, &R AT
A DIRET K DIFEREAR SR /1N, i 3 55 1K LT
WA (N HRIELS F P .

HT8513 HA LA T UM RS TIRE: oy i i id
WA AR IR R R R

(1) TSR

RN — A S FLE L L BN 5 —
ot R BRI, S SORYR Bl B e D)
BHAS, Bl oS8R . g OLiEkRE, 8
RER W MR — G R, BT B AL RE AR
IR AR

(2) TRy

LRI R R R AT 150°CHY, i iR Or
YRS, I D) g R TR (PR
R E D, By b A A
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6 Typical Circuit Diagram
SPE (SSOP10L-PP)

[
cis | c3|ca| cs
1 — 10uf10uf 10uF c16
+ 10uFjOuF}OuF
1_VIN i e e T.I__I
—2 L cd A e |PvDD
co—— —& R5 —ci7 ZSD1._| -
P e .2 LA T (L u1
T0uF =5 1TuH co HT8513
10R 1uF |
VBAT| 4 1 10 ouTn 2 —C1. 32
L POUT  OUTN AN —
| bw 2 & A 9~ PVDD L |
5 CTRL 3 |70 oute 8_O0UTP . 0+ 2
J4 1 R14Cim 4 7 VBAT U~ 1T
\/To_‘ ——INe | -5 = ILIM_ AVBAT 5 L3 c12
Lo I ll——u: INP 2 INN
/\ng_ 4 3 H__': INN
] c1 R1 =
c2 R2
VEAT oyl .
|_R‘5lUF 1 2_CTRL
——7 —
1K o 3 4
— 5 6
R7 1k ! § o
R8 200k
R9 270k Ibcs R10 ——ci13
120k] | 0.1uF
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7 PCB Layout
SPE (SSOP10L-PP)

f
-
N
B,
A~
-
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B PACKAGE OUTLINE

SPE (SSOP10L-PP)

TOP VIEW
4

|
| [E? EEl
I~ |
s J_J
— o = b
SIDE VIEW

i P

HLBE T/ mm

limensions

FH | BME | BTME | BAE
SYMBOL MIN NOMINAL MAK
A 1.50 1L&0 1.70
Al D.04 - 0.1z
Az 1.35 1,45 LS5
A3 0.65 0.70 0,79
3 0.35 - 0,50
c 0.19 - 0,25
D 4.80 4,90 2.00
b1 3.20 3.30 3.40
E 3.80 3,30 4,00
E1 5.80 6.00 6.20
EZ 2,00 2,10 2,20
e 1.00 BSC
h 0,30 - 0,30
L 0.50 - 0.80
8 0® - tShe
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