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AEERIE. NEBBENZERFAERN2X9.0WALIFE TR

2x9.0W Audio Amplifier with Class H Boost Converter and Limiter

B FEATURES

- Flexible Limiter Function adjusted by external - AIEEE B PRIETNEE

resistor so that the output music is limited under a B E SRR, (s S R EE
preset THD+N and power ke EKER

- Integrated Thermal Foldback (TFB) Function that
significantly increases the peak audio power

- Integrated adaptive class H Boost Converter that
extends the play time in battery supply applications

- REBFIRIRIZHIThEE
BN AR, BROIITIEXENR
- BHMBBENHEZRAEINGE, ARGEKERETE

-Adjustable switch peak current limit to avoid over- -AHAT R AMRRE, BB hGE
pulling on battery current -3 EERTIE
-Adjustable max boost voltage - TEABA ED AL

- Both Class D and Class AB is available

* THD+N: 0.05% (RL=4Q, fin=1kHz, Po=2x%1.0W)
» Low Quiescent Current:7mA, 3.7V

- Output Power (VBAT=3.7V, f|N = 1kHZ, RL=4Q)

« THD+N: 0.05% (RL=4Q, fin=1kHz, Po=2 X
1.0W)
* 1&?% EE,/}u. 7mA, 3.7V

2x7TW (VPOUT=8.5V, THD+N = 1%) . iﬁjﬂjlj]z(VBAT=3.7V, fIN=1kHz, RL=4Q)
2x9W (Vpout=8.5V, THD+N = 10%) 2X7W (VPOUT=8.5V, THD+N= 1%)

* Power Supply Vgat: 2.8V~8.5V 2X9W (VPOUT=8.5V, THD+N = 10%)

- Multiple Gain Available: 21dB, 25.5dB, 30dB - VBAT{EESER: 2.8VE8.5V

" Filter-less Modulation - SHHEZSEIE: 21dB, 25.5dB, 30dB

+ Thermal/Low voltage malfunction prevention e B s s .
o ° '  RIEREHTES), BRI
function with auto recovery

- Pb-free Packages, TSSOP24L-PP - RIPINRE: RS RE R BRI IRE
- iR mE %, TSSOP24L-PP
B APPLICATIONS
* Smart Speakers * Wireless Speakers . EEEE R - T (XSS
- Portable Speakers - 2.1Channel Speakers ARG - HATER - B

- Megaphone - Portable Gamers

B ORDERING INFORMATION

Part Number Package Type Marking Operatlng;negn;perature MOQ/Shipping Package
HT8789mTE o ars Tape and Reel

HT8789MTER TSSOP24L-PP UVWXYZL -40°C~85C 3000PCS
HT8789mTE . . Tube

HT8789MTET TSSOP24L-PP UVWXYZ 40C~85C 38PCS

1 UVWXYZ is production tracking code
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B DESCRIPTION

The HT8789 is a stereo Class D audio amplifier that drives
up to continuous 2x7W (1% THD+N, boosted to 8.5V) into
4ohm speaker.

HT8789 built-in Class H boost converter supports
selectable highest boost voltages. The boost converter is
automatically active only when a higher audio output power
is required, which will significantly improve the efficiency
and extends the playing time in battery supply applications.

HT8789 integrates Limiter function. When it is active, the
output music can be limited below a certain power and
THD+N. This will allow different demands in sound
performance and prevent speakers from damage.

The Thermal Foldback (TFB) function is designed to protect
the HT8789 from excessive die temperature in case of the
device being operated beyond the recommended
temperature or power limit, or with a weaker thermal system
than recommended. The TFB works by reducing the on-die
power dissipation by reducing Gain if the temperature trig
point is exceeded, so that the peak audio power is
significantly increased.

HT8789 has a filter-less modulation circuit which can
directly drive speakers. HT8789 can be shut down so that
the power consumption can be minimized. As for protection
function, over current protection function for speaker output
terminals, over temperature protection function and low
supply voltage malfunction preventing function are also
prepared.

B TYPICAL APPLICATION
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1 390K  Peak Current Limit

23 4.7nF
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BST = L, Max POUT =85V
BST |—a— BST =Floating, Max POUT = 8V
11 BST = H, Max POUT = 7.5V
ABD w— ABD =L, ClassD

ABD =H, Class AB
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MUTE MUTE =H, Muted
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to GND, THD+N<1%

GAIN =L, 21dB
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ENB = L, Boost Converter disabled
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B TERMINAL CONFIGURATION
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HT8789 Top View

B TERMINAL FUNCTION

Terminal
No.

Name

I/0*

Description

GND

Power ground. Also provides thermal connection from the device to the board. A
matching ground pad should be provided on the PCB and the device connected to it
via solder.

Hh, RIS SR AR AR R R BRI R 12 . PCB AR - 75 E A B Al Hh R4 5 2
RIFR%.

ILIM

Adjustable switch peak current limit. An external resistor should be connected
between this pin and GND.
I ONYRIER a5 e T

BST

Max boost converter voltage (VPOUT) set. 3 VPOUT levels available.
BRKTHEEBOE . 3 R A]i%, H->7.5V, NC->8V, L->8.5V.

SW

Boost and rectifying switch input.

T s BT % A\ i o

VBAT

Power supply for logic.
P S I P YA

INL+

Positive input (differential+) for audio amplifier of left channel.
A P B A IE B .

INL-

Negative input (differential-) for audio amplifier of left channel.
AL P B S

INR-

Negative input (differential-) for audio amplifier of right channel.
A P R S .

10

INR+

Positive input (differential+) for audio amplifier of right channel.
A P B A E 3 .

11

ABD

Audio amplifier mode selection. Class D is selected when it is pulled low; Class AB
is selected when it is pulled high.
A AR e . L=D K4l H=AB Kt

12

MUTE

MUTE control set. The audio amplifier is muted when it is pulled high.
AN o BN T, AR . S AR, DhBUE R A

1 1: Input; O: Output; G: Ground; P: Power

Copyright©2019, Jiaxing Heroic Technology Co., Ltd -3-

04/2020 - V0.1



HEROIC

technology

HT8789

Stereo Class D Amplifier with Boost Converter

13 LIM Enable the Limiter Function and select limiter level.
158 56 IR M 2 6 R PR s L 18 5 o
System GAIN set. Three GAIN level for select.
A S 21 5 B
Positive output terminal (BTL+) for right channel.
+ —= 2y
R i P S
Power supply terminal for right channel.
© | PVPR i T
Negative output terminal (BTL-) for right channel.
S A A S
Negative output terminal (BTL-) for left channel.
ot K S
Power supply terminal for left channel.
S e P A
Positive output terminal (BTL+) for left channel.
+ 4= 2y
20 | outL e 7 IE B
21 ENA Audio amplifier enabling terminal. Audio amplifier is enabled when it is pulled high.
DUt Re s, e H~PASE R DI
29 ENB Boost converter enabling terminal. Boost converter is enabled when it is pulled high
FHEfERe N, PR . 9 AB R TAE, AFHESER, FHHi{K ENB.
23 EAOUT Error amplifier output. Connect a 4.7nF capacity to GND typically.
RE MO S thn . 4% 4.7nF HIE .
Boost Converter voltage detect pin.
24 | pout TSt K 35
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B SPECIFICATIONS'

® Absolute Maximum Ratings?

PARAMETER Symbol MIN MAX UNIT
Supply voltage range VBAT -0.3 9.0 \
Input voltage range VIN -0.3 VBaT \%
Output voltage range Veout -0.3 9.0 \%
Operating temperature range TA -40 85 C
Operating junction temperature range TJ -40 170 C
Storage temperature range Tstc -50 170 C

® Recommended Operating Condition

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
VBAT supply voltage range VBAT 2.8 3.7 5.5 \%
Output voltage range Veout 7.5 8 8.5 \Y
Operating temperature Ta -40 25 85 C
Load impedance RL 4 Q

® Electrical Characteristics

Condition: Ta=25°C, Vear = 3.7V, fin = 1 kHz, Veout = 8V(BST=NC), Gain = 25.5dB (GAIN=H), Cix = 1uF, Limiter Function
disabled (LIM=GND), Ri.im = 390k, Ceaout=4.7nF, Load = 40hm, unless otherwise specified.

Main Characteristics

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
VBAT supply voltage range Vear Boost + Amp work 2.8 3.6 5.5 \%
Boost on threshold voltagel VB_TH1 Amplifier Output Vrus 1.6 Vrms
Boost on threshold voltage2 VB_TH2 Amplifier Output Vrus 2.8 Vrms
Start-up time ton tamp_on, Audio Amplifier 60 ms
GAIN=L 21
Closed-loop voltage gain Av GAIN=H 255 dB
GAIN Floating 30
) GAIN=L 36
I(Bteerrinnagd?grg)lmpedance Rin GAIN=H 24 KQ
GAIN Floating 154
Boost Converter
PARAMETER Symbol CONDITION MIN TYP MAX UNIT
BST=H 7.5 \Y,
Highest Vout VoutH BST=NC 8.0 Vv
BST=L 8.5 Vv
Middle Vout Voutm 5.5 \%
Boost off delay time tBoosT_oFF 220 ms
ll?:]ﬁst converter input current IL Rim = 390K 75 A
Reference voltage at v pin ViLm 1.2 \%
Boost converter frequency fsoost fclass-D kHz

1 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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Boost Converter + Class D (BTL)

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
THD+N=1% | Vear=3.7V 2x7
THD+N=10% Load= 4ohm 2x9
—U% | POUT =85V x
Output power Po THDTN=1% Verr = 3.7V <64 w
Load = 4ohm
THD+N=10% POUT = 8V 2%x7.7
ic di i Po=0.25W = 0.05
To.tal harmonic distortion plus THD+N o R_L 4Q), %
noise Po=1.0W f=1kHz 0.05
. f=20Hz~20kHz, A-weighted,
Noise output voltage VN Av=21dB 130 UVims
. . . 1W, f=20Hz~20kHz, A-
Signal to noise ratiao SNR weighted, Av=21dB 84 dB
Veat = 3.7V, RL=4Q+22uH, 75
Po = 2x0.5W
. Veat = 3.7V, Ri=4Q+22uH,
Efficiency (Class D + Boost) n PO = 2x2W 74 %
Veat = 3.7V, Ri=4Q+22uH, 73
Po = 2x4.0W
. . Input Grounded, With or
Operating quiescent current IsaT without load 7 mA
. Input Grounded, With or
Shutdown quiescent current Isp without load 1 A
Class D switching frequency fclass-D 400 kHz
Class AB Only (BTL)
PARAMETER Symbol CONDITION MIN TYP MAX UNIT
VBAT = 42V THD+N:1% 2*159
Vear = 3.7V Load = 40hm 2*1.17
Vear = 3.3V +22uH 2%0.92
Output power Po — - W
Vear = 4.2V THD+N=10% 2*1.98
Vear = 3.7V | Load =4ohm 2*1.47
Vear = 3.3V + 22uH 2*1.16
L . Vear=4.2V,
'rl]'gitsallaharmonlc distortion plus THD+N Po=1W f=1KHz. 0.11 %
R1=4Q+22uH
. f=20Hz~20kHz, A-weighted,
Noise output voltage VN Av=21dB 125 UVims
. Veat= 3.7V, RL=4Q+22uH, o
Efficiency n PO = 2x1W 65 %
. . Input Grounded, With or
Operating quiescent current IsaT without load 8 mA
. Input Grounded, With or
Shutdown quiescent current Isp without load 1 HA
Copyright©2019, Jiaxing Heroic Technology Co., Ltd -6- 04/2020 — V0.1
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Other Characteristics

PARAMETER Symbol CONDITION | mn [ 1Yy | mAx [ uniT
Limiter Function
Gain range Avum 30 dB
Gain step STPum 120 /
Attack time ta_Lim 10 ms/dB
Release time tr_LIM 160 ms/dB
o LIM floating 0.8xVpout
Limiter level (Peak) Vim_L \%
LIM 220k to GND 0.95%xVpout
Thermal Foldback (TFB)
Over temperauture oTP 150 °C

protection point
Over temperature protection

hysteresis OTPhys 30 °C
g\éi:/éf;ng;ﬁture protection OTPR 140 °C
Thermal foldback trig point TFB 130 °C
TFB attack time ta_TrB 640 ms/dB
TFB release time tr_TFB 1280 ms/dB
Input/output
Internal pulldown resistor Rbown ENA/ENB 300 kQ
High-level input voltage ViH 2 Vear \Y,
Low-level input voltage Vi MUTE/ABD/ENA/ENS 0.7 \Y,
High-level input voltage VIH 2.3 VBAT \%
Mid-level input voltage Vim BST/GAIN 1.6 2.1 \%
Low-level input voltage Vi 1.2 \%

Copyright©2019, Jiaxing Heroic Technology Co., Ltd -7- 04/2020 — V0.1
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B TYPICAL OPERATING CHARACTERISTICS

Condition: Veat = 3.7V, fin = 1kHz, Gain = 25.5dB, Cin = 1uF, unless otherwise specified.

Limiter
Characteristics below are measured in Class D mode.

Condition: Vear = 3.7V, fin = 1kHz, Gain = 25.5dB, Cin = 1uF, Limiter ON, Output = Load + Filter, Load = 40hm, Filter = 1000hm
+ 47nF, unless otherwise specified.
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800m
700m
600m
500m
400m
300m
20m 30m 40m 50m 60m 70m  80m 90m 100m 200m 300m 400m 500m
Vrms
Sweep Trace Color Line Style Thick Data Axis  Comment
1 1 Red Solid 2 Analyzer.Level A Left
2 1 Blue  Solid 2 Analyzer.Level A Left
3 1 Cyan___Solid, 2, Analyzer.Level A__Left
VOUT vs VIN

RED: LIMFLOAT
BLUE: LIM 470k to GND

CYAN: LIM 220k to GND
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Vgar VS lgar

10
Input Grounded
, | Load=2*aR /
Class D/
é 6 lwork
'_
2 Imute
- 4
) I
0
2.5 3.5 45 55
VBAT (V)
Viear VS lgar
50
Input Grounded
Load=2*4R
40 Class AB
< —
£
£ 30 / IAB

20

10

25 35 4.5 55
VBAT (V)
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Vgar VS ISD

5
Input Grounded
4
<
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a —|SD
)
2
1 //
0
25 35 4.5 55
VBAT (V)
%D
.
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d
B
,
o
f—"
A
+22
+20
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 Analyzer.Level A Left
1 2 Red Solid 2 Analyzer.Level B Left
2 1 Blue _ Solid 2 nalyzer.Level A Left
A-A FFT.ats2

Fin vs GAIN(class D)
GREEN: GAIN=L
RED: GAIN=H
BLUE: GAIN=FLOAT
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+30
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A
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+20
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 Analyzer.Level A Left
1 2 Red Solid 2 Analyzer.Lewel B Left
2 1 Blue___Solid 2 Analyzer.Level A__Left
A-A FFT.ats2

Fin vs GAIN(class AB)
BLUE: GAIN=L
GREEN: GAIN=H
RED: GAIN=FLOAT
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BOOST + Class D (BTL)

Condition: Vear = 3.7V, fin = 1kHz, Gain = 25.5dB(GAIN=H), POUT=8V(BST=NC), ILIM=360k, Cin = 1uF, Limiter off,
Output = Load + Filter, Load = 4ohm, Filter = 1000hm + 47nF, unless otherwise specified.

Ap)

)

/

00
,,,,,

THD+N vs Po(fin=1kHz,BST=H,ILIM=430k) THD+N vs Po(fin=100Hz,BST=H,ILIM=430k)
Ap)|

)

THD+N vs Po(fin=1kHz,BST=H,ILIM=390k) THD+N vs Po(fin=100Hz,BST=H,ILIM=390k)
Ap)|

4p)|

Axis Comment

THD+N vs Po(fin=1kHz,BST=NC,ILIM=390k) THD+N vs Po(fin=100Hz,BST=NC,ILIM=390k)
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) D)
;"’ /
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= - | == \
| - ] e |
THD+N vs Po(fin=1kHz,BST=L,ILIM=390k) THD+N vs Po(fin=100Hz,BST=L,ILIM=390Kk)
D) , A0
f ]
| |
= - = |
i - |
THD+N vs Po(fin=1kHz,BST=L,ILIM=360k) THD+N vs Po(fin=100Hz,BST=L,ILIM=360k)
D) : 4p)
R I N I N RPN o o o | / R RN A e — \\ H
NEEEE - "
THD+N vs fin(Po=2*0.5W) THD+N vs fin(Po=2*1W)
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4p)

THD+N vs fin(Po=2*2W) THD+N vs fin(Po=2*3W)

[
I
C

THD+N vs fin(Po=2*4W) THD+N vs fin(Po=2*5W)
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Vgar VS PO
10.00
1kHz input
9.00 RL=2*40
ILIM = 390kQ
< 8.00 —NC(V) —_—
S BST=NC(8V)
pug /~/
8 700 /
6.00 ~
/ ——THD+N=1%
500 ——THD+N=10%
4.00
2.5 35 4.5 5.5
VBAT (V)
Povsn
90
80
70 / V/\
=
N ~
e 60 ¥
= 50 [ —— VBAT=4.2V
~1kHzinput,RL=2*4Q@
—\/BAT=3.7V
ILIM=390kQ
40 | PouT=s.sV(BSTEL) T VBATS33V
30
20
0 2 6 8 10
Po (W)
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Povsn
90
80
) 7/1”%% —
S 60 |
= ——VBAT=4.2V
>0 Zinput, RL= e \/BAT=3.7V
ILIM=390kQ '
40 POUT=8V(BST=NC) i
30
20
0 2 4 6 8 10
Po (W)
Povsn
90
80
70 I/W;——’;Ly
S 60 f
= 50 / 1kHz input, RL=2*4Q ——VBAT=4.2V
ILIM=430kQ e=—V/BAT=3.7V
40 | POUT=7.5 (VBST=H) VBAT=3.3V
30 i
20
0 2 4 6 8
Po (W)
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Class AB (BTL)(BOOST OFF)

Condition: Veat = 3.7V, fin = 1kHz, Gain = 25.5dB(GAIN=H), Cin = 1uF, Limiter off,

Output = Load + Filter, Load = 4ohm, Filter = 1000hm + 47nF, unless otherwise specified.

20
D)
" ;]
7
/
/
: / //
: |
% 1 l/ l/
I |
I ]
|
0.5 ”
0.2 /
—
— A/
=T
0.1
0.06
10m 20m 50m 100m 200m 500m 1 2 3
w
Sweep Trace Color Line Style Thick Data Axis  Comment
1 1 Red  Solid 2 .Analyzer. THD+N Ratio A Left
1 3 Red  Solid 2 .Analyzer. THD+N Ratio B Left
2 1 Blue  Solid 2 Analyzer. THD+N Ratio A Left
A-A FFT.ats2
THD+N vs Po
GREEN: VBAT=4.2V
RED: VBAT=3.3V
10
]
I's
2 -
f2
1 {
900M =1 \:1
800m T
700m 05
600m r
w L %
500m
]
f-o.2
400m | —— A
\ / b
300m =] — — A \-o1
]| | 1 [
o [
[-0.05
200m {
N /V [-0.02
100m o1
20 50 100 200 500 1k 2% sk 10k 20k
Hz
Sweep Trace Color Line Style Thick Data Axis  Comment
1 1 Red  Solid 2 Analyzer.Level A Left
1 2 Red  Solid 2 Analyzer. THD+N Ratio A Right
1 3 Blue  Solid 2 nalyzer.Level B Left
A-AFFT.ats2

THD+N vs fin(Po=2*1W, VBAT=4.2V)

Copyright©2019, Jiaxing Heroic Technology Co., Ltd -17- 04/2020 — V0.1



f"@. HEROIC

/ technology,

HT8789

Stereo Class D Amplifier with Boost Converter

B APPLICATION INFORMATION
1. Glossary

The application section may use the following terms.

Limiter: When Limiter function is active, the output music
can be limited below the Limiter Level.

Limiter Level: Vi 1 for short. The maximum output
voltage allowed before amplifier gain is automatically
reduced.

Thermal Foldback: TFB for short. When this function is
active, HT8789 reduces the on-die power dissipation by
reducing system gain if the on-die temperature exceeds the
Thermal Foldback Trig Point in case of the device being
operated beyond the recommended temperature or power
limit, or with a weaker thermal system than recommended.
Once the die temperature drops below the TFB trig point, the
system gain is increased until the TFB trig point is reached.

Thermal Foldback Trig Point: TFB for short. The on-die
temperature trig point for educing system gain.

Attack Time: ta for short. The rate of Limiter or TFB gain
decrease. The default value for Limiter Attack Time is 10ms
/dB, and the default value of TFB Attack Time is 640ms/dB.

Release Time: tr for short. The rate of Limiter or TFB gain
increase. The default value for Limiter release time is
160ms/dB, and the default value for TFB Release Time is
1280ms /dB.

Adaptive Class G Boost Converter: Only when the output
audio signal exceeds a preset voltage threshold (Boost on
Threshold Voltage Vs th), the boost converter is enabled.
When the audio output voltage is lower than the threshold
voltage, the boost deactivates automatically. This technology
can improve the system efficiency and extend play time in
battery applications.

Boost on Threshold Voltage: Vg tu for short. The output
audio signal voltage threshold for enabling boost converter.

2. Feature Description
2.1 Limiter Function (LIM pin)

The Limiter Function can protect speakers, improve
loudness, smooth the music, limit peak supply current,
extend battery life, and prevent early shutdown at end-of-
charge battery voltages.

When Limiter function activates, the output music can be
limited below the Limiter Level (Vimv 1). If the output audio
signal exceeds the Limiter Level, HT8789 decreases
amplifier gain by the rate of attack time (10ms/dB), 0.25dB
per step. HT8789 increases the gain by the rate of release
time (160ms/dB), 0.25 per step, once the output audio is
below the limiter level. Fig. 1 shows this relationship.

AFRE ] e 2 PR .

PRME: 4PRIEThRETTJE, Thich  w PR 1 7E
FRIE(E LA Tt B BIRIEEE, SR
Bl PRI 2 DAZERR 4 HE AN BRI E

PRMEAE : FRUEhAE T a J5 15 B 1 e oK B
Mg, IR Vi Lo

A B PRI MR TFB. 4 i T
ISR . R IIRFEETh R . 821 PCB #
SR T IR S B0 P S 5 TR TR B fih A A, 1% DD RE T
H 318 i B T 2 DA RRARAC N 4, B

O F PN R 4 L B 2 ik A R, AZ DO RERS U D
DIT8CE 2

] 5 FR iR 2 ) fb % s fRTAR TFB, B A 3R
A T RE R RO P30 45 8 T e i BRI T
B 2 A Al R IR

Je B A BRIE Th e A E S PR IR % ) DD RE
(13 25 PRI R . PRIEThREMT S BT Y 10ms
/dB, H BRI DR S s ] 640ms/dB.

PSR 1] . BRIETh LA E 3 PR IR 3% 6 Th A
(1) 488 2 18 03 R o IR T BE R RE T TR] A 160ms
/B, H 3 R 6 D 8 R AR (R
1280ms/dB.

HIEN G KT A Thimca d e A 3
PidAE (RRATHEBE, Ve m), FHEHE. %4
Ty H e FE AR T T BRAE, TG . tThRE
AL AR TR RR . T K i ) R T 1) o

TR : R Ve e FFEFHEINRERI T
TS R

B T e AT RE B AL B 238 25 o 1 DAY S
RN, A REDCE, BRI, B0
LTI R, FAAEG H A PR 2 P ol B0 P XS

ZINRETT A Ja, 24 Thiisc e A 2 PR
18, D24 LLAF 4 0.25dB. ta= 10ms/dB [¥]
R E BB, 1 S B 4R IR R . B S
W R Thcr R /N T BRI, ThBaE 254 DA
£ 0.25dB. tr = 160ms/dB (K3 2 [ hH4 0.
Z R EE LR,
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Figure 1 Limiter Function

The Limiter Level can be modified through LIM terminal. If
the LIM terminal is directly grounded, Limter function is
disabled. When the LIM terminal is floating the output power
can be limited under THD+N=~1%. To get a larger power,
connect a resistor to Ground, a resistor with smaller
resistance will get a larger power.

2.2 Adaptive Class G Boost Converter

The HT8789 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,
POUT. POUT drives the supply voltage of the audio
amplifier, PVDDx. This improves loudness over non-boosted
solutions. An external inductor and diode should be added for
the boost converter.

The boost output voltage POUT is set by BST pin.

Forbr, BROGE FTEELIMS] IS E . LIME
TR, IRIEZhEESCH] . LIMBE AR,
TS A 2 R Al R H FE THD+N~ 1% LA
T AT EE RIS IIE, LIMBIEZ
BELEM, Z BB, i DD RO, 35/ 2
SN DI, LIMBE:— > s B 2 VABT
FE, FLBHGERN, TGN

HT8789 & — A Hid LA A — ATk Hor
3T 8 T s R R A N T EL b L VBAT T R
ZEHE SR HEPOUT, LARELLS Dhigoh 5
PVDDx. %J7iEA A Dl Th3 . %A
TE N 7 AN S R R

T PR 4 5 vt HL s P I BS T BE L

Table. 1 Output Voltage Setting

POUT BST
=1.5V H
~8.0V NC
~8.5V L
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The Class H boost converter is adaptive and adjusted to a
value just above what is needed. In short terms, a middle
boost voltage (VPOUT_H) is added between VBAT and
VPOUT, so that a more adaptable boost voltage could be
obtained to track the audio output power, and a higher
efficiency could be achieved during music playing.

A

7 U

Vspk

HT87894E ik (1 AP HE A A H
RN IhEE, BV R MRS S KT R RE
Vi muftf, HT8789A4 it AFHEMR, HFAE
Bl R, ME5 A TR R E
K. ZIHEERERE N R GBI, IR HGE
SR RO v B r b 2 A A T

Class-G
Class-H

Time

Adaptive Boost Converter with Typical Music Playback

2.2.1 Component Selection
(1) BOOST Converter Input and Qutput Capacitor Cin, Cour

For the capacitor maintaining the supply voltage, the value of
the boost capacitor is determined by the minimum value of
working capacitance required for stability and the maximum
voltage ripple allowed on PVDD in the application. It acts as
a charge reservoir, providing energy faster than the board
supply, thus helping to prevent any droop in the supply
voltage.

For the decoupling capacitor, a low equivalent-series-
resistance (ESR) ceramic capacitor is needed. This choice of
capacitor and placement helps with higher frequency
transients, spikes, or digital hash on the line. Additionally,
placing this decoupling capacitor close to the HT8789 is
important, as any parasitic resistance or inductance between
the device and the capacitor causes efficiency loss.

Over all, 1uF//10uF//470uF (paralleled) is highly
recommended to be placed in both input and output terminal
as closely to the pin as possible.

(2) Inductor Selection and Placement

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 = 2.2uH,
DCR < 0.1ohm is recommended for general application
circuit. The inductor should be placed as close to the SW pin
as possible with direct and wide traces. For different
applications of output power, the requirement of saturation
current (Isar) of the inductor is different, recommendations
are as follows.

X fRE FAY, FAE BN AR e A
(/N TAE A E FPVDD _E 7o ¥ (1 5K HL
QU HE . BUKMIfERE A BT 1 rE s
JE RS

T UEd AR, (RS B BH(ESR)
[P B LR AR BN B G . X Pl LR IRk BRI AT
A BT s L RIBR S RIE RIS . It
Ab, R IX PRI R SEUTHT8789F i B 2L,
RS AT 2 TR] AT AR P A He BH B HE T 2
SRR

P, fEVBATFIPOUT i 2 /b i & —
H1uFAT1OuFJES; A B, TR IS
e HE, JERATRESEIL S 5. 5o,
VBATHIPOUT; 75 75l E — M AN T470uF
GREFE A . IX L RN DU M R R IE B R %
el SE M, DU BRI

RS ) LR S 0 FH DU e R D 2R g s T HR
JER P B T E AT S0 R AR B R IEAE HL R E 38
W E, NRUES IR TR, #uUEHL
=2.2uH, DCR<0.1ohms.

H R BRUAT RESE L SW I I, FF H 5 SWHEH
—PCBJZ R A Ge i i) ELAZAHE

XA R D)2, R R IR R H gt G
.
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Table. 2 the Recommendations of Isat of inductor and Diode for Different Applications

Output Power (W) Isat (A) Diode
2x4 >4 SS52
2%5 >5 SS52
2%6 >6 SS52//SS52
2x7 >7 SS52//SS52
2x8 >8 SS52//SS52

(3) Schottky Diode Selection and Placement

A Schottky Diode with Vrrm > 12V, Ven<<0.5V and high Ir
is recommended for general application circuit. The diode
should be placed as close to the SW and PVDD capacitor as
possible with direct and wide traces. For different
applications of output power, the recommendations of the
diode are listed in Table 2.

(4) Layout Considerations

The power traces, consisting of the GND, SW, VBAT, and
PVDD should be kept short, direct, wide, and be placed as
closely to the pin as possible. The switching mode SW
should be paid more attention for EMI and reliability
consideration.

Place Civ and Cout near VBAT and Diode as closely as
possible to maintain voltage steady and filter out the pulsing
current.

MR HCE IS Vrem > 12V, Vin<
0.5V, FAKIEA R DI ZEFEA . SR

W B2, %R AR R AT BESE T HLBR
PVDDyii HLfif L2 THUE

HIEZ (Vpar, PVDD, fEHh[a]), SW
2k, NRWREMERE. M. LT L fLm
Sl LRiERE, NASHIE B SWER 5] 28, HIF A
FREFZEMI;

i
VearH1VpeouttiiiCin, Cout R 1] BE FE T
Fral i, PURAIE fE )RR 5

S, CnFICouTh I, WS ATRE DA
R AR E S R AR E v S

The GND of the HT8789, Cx and Cout should be connected

close together directly to ground plane.
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2.3 Thermal Foladback (TFB)

The HT8789 Thermal Foldback, TFB, is designed to protect
the HT8789 from excessive die temperature in case of the
device being operated beyond the recommended temperature
or power limit, or with a weaker thermal system than
recommended. The TFB works by reducing the on-die power
dissipation by reducing the HT8789 system gain by the rate
of attack time (640ms/dB) in steps of 0.25dB if the TFB trig
point (default value 130°C) is exceeded. Once the die
temperature drops below the TFB trig point, the HT8789
gain is increased by a single or by the rate of release time
(1280ms/dB) in steps of 0.25dB until the TFB trig point, or a
maximum of 30dB attenuation is reached, and the system
gain will be decreased again, or the system gain is at its
nominal gain level. The procedure shows as follows.

Input Singal

GAIN

Attack Time

Die Temperature
-~ =~
7 N\
L \

Release Time

HT8789 WAL 1 H sl FRIESEHI ThRE, 4
O P RASE I R I s TGS 3. R G R
AELE R R 51 25 35 = T B 3 PR I ) A s
(TFB, 130°C) W}, yjcks LA ta = 640ms/dB
R E BN R, AIRINGS Fr T RE R T B
GG Bl IR BRI, 85 iR/ T IR
AUTFB B, DhBOCK LLERAE tr = 1280ms/dB
(K3 R [ Sh B I 25, B 345 IR 205 1 75 BRI A
(TFB). WILLIEIR . 8 hnak sk /I ) 652038 25 N
0.25dB. iZitFEnEEUIT.

Thermal Foldback Trip Point ' ~

Output Singal

-~ — —_

Figure 2 Thermal Foldback Operation
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24  Audio Amplifier Input Configuration

HT8789 integrates an amplifier with analog input (single-
ended or differential), that can directly drive a speaker. For a
differential operation, input signals into IN+ and IN- pins via
DC-cut capacitors (Civ) and external input resistors Rin. The
input signal gain is calculated by

Rp
External Ryy+Internal Rjy” "

Gain=12dB +20xlog(

And the high pass cut-off frequency of input signal can be
calculated by f. = L

2m(External Riy+Internal Riy)XCiy'

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

The values of internal Rin and Rr is shown in Table. 4.

Front Circuit

?

_-i External

Cm

Zaur _{ R

Intermal
RII

b

HT8789 WAL 1 F AT, W72 71
B S R A T 5, IR LIRS .
X ZE SN, SR L Cin AR
HLBE Rin 2300 AN B INHFT IN-3i o BEBS DHBCR
Gi 39
: Rp
Gain=12dB +20xlog( External Ry+Internal RIN)

I\ RC il yg i as AU ARy
fC _ 1

- 2n(External Riy+Internal Riy)XCiy °
Xf B, WIS Civ AIAM B4R L PE
Rin #5752 IN+3i . IN-Jri 00 2508 5 AH [F] ) Cin AT
Rin Hetth . ARSI fo 522 70 NN AH [R] o
Forpr, N e BH 5 ThTSOH 23 A R R R AR

Front Circuit

Figure 3 (1) Differential Input;; (2) Single-ended Input
Table. 3 Internal input resistors and feedback resistors
GAIN GAIN Internal Rin (ohm) Rr (ohm)
L 21dB 36k 102k
H 25.5dB 24k 114k
NC 30dB 15.4k 122.8k

2.5  Amplifier Output

Generally, a speaker can be directly line to the output
terminal of the amplifier as load. But Once HT8789 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
recommended.

2.6 Protection Function

HT8789 has the protection functions such as Over-Current
Protection function, Thermal Protection function, and Low
Voltage Malfunction Prevention function.

— BT 5 A i T B M .
SRy i R AR BK, BB X EMI R
i JURTE AN B AR A AL R LC JE S »

HT8789.R847 LL N LA RA ThfiE: i thi i
AR AR GRS BRI S R
.
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(1) Over-current Protection function

When a short circuit occurs between one output terminal and
Ground, 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. It’s only
available in Class D mode.

(2) Thermal Protection function

When excessive high temperature of HT8789 (OTP) 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).

(3) Low voltage Malfunction Prevention function

This is the function to establish the low voltage protection
mode when VBAT terminal voltage becomes lower than the
detection voltage (VUVLL) for the low voltage malfunction
prevention. And the protection mode is canceled when VBAT
terminal voltage becomes higher than the threshold voltage
(VUVLH). In the low voltage protection mode, the
differential output pin becomes Weak Low state (a state
grounded through high impedance). HT8789 will start up
within the start-up time when the low voltage protection
mode is cancelled.

3. Other Terminal Configurations
3.1 ENA, ENB

By pulling ENA/ENB terminal into logic low or high,
HT8789 can enter into different modes, shown as follows.

Note that an internal 3000kohm pulldown resistor is
connected to ENA or ENB respectively

e P00 38— et 0 L BN 3 —
S BRI, ILRORI R BN, ey D45 2 e B
&, PR REAUR . RGO RS, &
FHER RS R R Class D
EEE e

RS NS OTP i, iR
PR S, A D) G AR RES (R
R S D, By b e A

el 2 F R Vear KT Vo, B3 K&
R4, D ST i SR H A TRAS (P Esd
it R s AR Vear =1 T Vown, R
X B B fERR, &8 30T Tstue EREANIEH L
PEIRZES .

4 ENA A1 ENB #ii =y 5 A%, HT8789 Wl it
AARFER AR, IR RR.

ENAFIENB P4 #45 300k 2131 (1) 47 FLPH .

Table. 4 EN Terminal Configuration

ENA ENB Mode
H H Adaptive Boost +Audio Amplifier
H L Only EN Audio Amplifier, for AB
L H Only EN BOOST
L L Shutdown

3.2  Adjustable Peak Current Limit (ILIM pin)

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 (ILiv). The peak switch current limit can be set by a
resistor (RiLiv) at the ILIM pin to ground. Typical
applications are as follows. Use a resistor no smaller than
330kohm for Rypim.

76 ILIM oz e BH 2 b, w52 B T 1)
N KU AE L SR B 0 R 3R o Ruw HUE A
MNAKT 330kohm.
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Table. 5 Typical Rum Value

RiLiv (0ohm) Iuim (RMS)
430k 6.5A
390k 7.5A
360k 8.5A

3.3 Gain Select (GAIN pin)

The GAIN pin is the terminal to select system gain. There are

three different choices as following.

GAIN JHITT &+ HT8789 Tyl i) R4t 4 s

BEAT R,

Table. 6 GAIN Terminal Configuration

GAIN Terminal GAIN Internal Rin (kohm)
21dB Logic Low 36k

25.5dB Logic High 24k

30dB Floating 15.4k

34  EAOUT

The HT8789 requires external compensation for the stability
of boost converter. The EAOUT pin is the output of the
internal error amplifier. An external ceramic capacitors Cc is
connected from the EAOUT pin to GND. To be simplified,
Cc is 4.7nF which can be adopted in most cases.

3.5  PVDDL and PVDDR

PVDDL and PVDDR are the power supply terminals for
audio output driving of channel L and channel
respectively. They should be connected directly to the
bulk capacitor Cour of the boost converter closely with
wide routing.

36 ABD

When ABD terminal is pulled logic high, HT8789
works in Class AB mode.

When ABD terminal is pulled logic low, HT8789 works
in Class D mode.

3.7  PVDDL and PVDDR

When MUTE terminal is pulled logic high, HT8789
works in mute mode, in which the differential output
signal becomes Weak Low state (a state grounded
through high resistivity).

When MUTE terminal is pulled logic low, HT8789
returns to the normal working state.

HT8789 Tt i £ Ah Bl w2 L B LA 4ERF T
JAEE . EAOUT A Ea e A Sl i . g7
(¥, EAOUT nl$% 4.7nF HIZE 23t

PVDDLAIPVDDR & DI R A d g (e FiE f A
FiE. HFEEDUR AR s Lt E T ER
KHEZE,

YU ABDE L E S, HT8789 TAEAEABISHE R,
M ABDE AL HSE, HT8789 TAELEDIHR T .

24 MUTE &4 = HSF, HT8789 i ANF TR,
RN N RORES

MMUTEE A ST, HT87891EH TAE.
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4. Typical Circuit Diagram
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5. PCB Layout

Copyright©2019, Jiaxing Heroic Technology Co., Ltd -27- 04/2020 - V0.1



G HEROIC HT8789

technolog
= bl Stereo Class D Amplifier with Boost Converter

00 00 00

m

O0O«<: Oo«<:
O0«¢ OO0 Oo0o¢ O«

Copyright©2019, Jiaxing Heroic Technology Co., Ltd -28- 04/2020 — V0.1



HEROIC

technaology

HT8789

Stereo Class D Amplifier with Boost Converter

185

POWER H

L o
-+ S R 3
HT8789 £
- -
HTS?ET E_] _ CRI_) P+
202001 VI0* ¢ 5! EI
R L
fos2 S
u0§ () 33 | o] <
44+ aml® ] TN Pt
— CJC 1 ¢ nHBU
u| sdes
*|n gges €0
®|v-mC JC ]
e| 33 -
m| € IC ] ¢ -
o|-EREE £ gy 882
olmt 5 & ses
o g nEd @
ﬂ GAMTH .
SED | WO0E MUTE| MOCE L y
L n L | woae H G H | 255
h | 26 ::| A | WUTE ...|==| HERRCOCKES
-, WUTE Mg AN = == Ehll_ﬁ Er:E: r-;uf
(Mo o] (B o] [Heo ¢ (He o [He o] [FT7
m .; M "L A n“n "L wlm] .L h : FNMBS;ET
o o8 Ll es %zznlf"ﬁ',‘;“ HLL 44 :m:

Copyright©2019, Jiaxing Heroic Technology Co., Ltd

-29-

04/2020 - V0.1



f-fi HEROIC HT8789
‘ .  technology,
Stereo Class D Amplifier with Boost Converter

B PACKAGE OUTLINE

= [

AR AR 5

E2
T
E1
E

O

i H 5B B G
: <l

Al

HjEEEjEjHEE Ry
< f 7 S
Dimensions In Millimeters Dimensions In Inches
Symbol Min. Max. Min. Max.
A — 1.200 — 0.047
A1 0.050 0.150 0.002 0.006
A2 0.800 1.050 0.031 0.041
b 0.190 0.300 0.007 0.012
C 0.090 0.200 0.004 0.008
D 7.700 7.900 0.303 0.311
D1 3.950 4.150 0.156 0.163
E 6.250 6.550 0.246 0.258
E1 4.300 4.500 0.169 0.177
E2 2.750 2.950 0.108 0.116
e 0.650(BSC) 0.026(BSC)
L 0.450 0.750 0.018 0.030
0 0° 8° 0° 8°
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IMPORTANT NOTICE

Jiaxing Heroic Electronic Technology 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.

PRI TR AR A (BURERRHT) GREX ™0 RS SRR iE e, 1k, . deg b, =izt
PEAATAT =T AR BIBCR . 2 P E T SR = BT BB R AT 215 SR R S e 2

HT assumes no liability for applications assistance or customer product design. Customers are responsible for their
products and applications using HT components.

HT0SHH 0 S B4 58 WA B B LA K 2 P 7 it BRI AR Rt AN AR A A DA E

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.

HTI ™ it I AR A T8 i A= dw 4R i S5 2 AR R S v

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.

AP BAH AR RS AT SE R, EHTIHAR AT, AN AEFTA] 58T FIANEE =I5 BOM R 1R 3 4 58 .

Following are URLs and contacts where you can obtain information or supports on any HT products and application
solutions:

T AT DAIBCAR B 2 7] A DGR 2 07 3

FEXAHETHEARA ]

Jiaxing Heroic Electronic Technology Co., Ltd.

Hohb:  WRLAR 3T A YE K 3339 5 IRC R JHAME = 12

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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