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Stereo Class D Amplifier
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2x9.0W Audio Amplifier with Class G Boost Converter and Limiter

B FEATURES

- Flexible Limiter Function adjusted by external
resistor so that the output music is limited under a
preset THD+N and power

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

- Integrated adaptive class G Boost Converter that
extends the play time in battery supply applications
-Adjustable switch peak current limit to avoid
over-pulling on battery current
-Adjustable max boost voltage

» THD+N: 0.05% (RL=4Q, fin=1kHz, Po=2x1.0W)

+ Low Quiescent Current:7mA, 3.7V

+ Output Power (Vear=3.7V, fin = 1kHz, R.=4Q
2xTW (Vpout=8.4V, THD+N = 1%)
2x9W (VpouT=8.4V, THD+N = 10%)

+ Power Supply Vear: 2.9V~8.5V

+ Multiple Gain Available: 21dB, 25.5dB, 30dB

+ Filter-less Modulation

» Thermal/Low voltage malfunction prevention
function with auto recovery

- Pb-free Packages, TSSOP20L-PP

B APPLICATIONS

- Smart Speakers - Wireless Speakers
- Portable Speakers + 2.1Channel Speakers
+ Megaphone - Portable Gamers

B ORDERING INFORMATION
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Part Number Package Type Marking Operatlngz;l'negrgperature MOQ/Shipping Package
HT8787BMmTE o are Tape and Reel
HT8787BMTER TSSOP20L-PP UVWXYZ' -40C~85C 3000PCS
HT8787BwmTE . . Tube
HT8787BMTET TSSOP20L-PP UVWXYZ -40C~85TC 46PCS

' UVWXYZ is production tracking code

Copyright©2019, Jiaxing Heroic Technology Co., Ltd -1-

01/2010 - V0.1



fl'a HEROIC

s/ technalogy

HT8787B
Stereo Class D Amplifier

B DESCRIPTION

The HT8787B is a stereo Class D audio amplifier that
drives up to continuous 2x7W (1% THD+N, boosted to
8.4V) into 4ohm speaker.

HT8787B built-in Class G boost converter supports
adjustable 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.

HT8787B 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 HT8787B 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.

HT8787B has a filter-less modulation circuit which can
directly drive speakers. HT8787B 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

HT8787B & —#k N & H & M JH & [ LAk R DS
T RO A, A b gt T R E
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B TERMINAL CONFIGURATION

ILIM POUT
EAOUT FB
SW EN
SW OUTL+
VBAT PVDDL
INL+ OUTL-
INL- OUTR-
INR- PVDDR
INR+ OUTR+
LIM GAIN

B TERMINAL FUNCTION

Tegr(l)mal Name | I/O! Description
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
0 GND G via solder.
H,  [F]FERAEESA R AR R B B4 . PCB MR RR A U Al R A
Z RIFIRIE
Adjustable switch peak current limit. An external resistor should be connected
1 ILIM I | between this pin and GND.
BN PR AR T B i, AP L BH 3 3
) EAOUT I I‘Err‘or‘ampliﬁer oqtput. Connect a 4.7nF capacity to GND typically.
REETBOR A I o 4% 4.7nF FLZE M
34 SW I Boost a{ld rec\tifying‘ switch input.
’ THHE BT M A\ i o
Power supply for logic.
> YBAT L P | i
6 INL+ I Positive ir{put (differ‘entialJr) for audio amplifier of left channel.
HOUE B A IE I o
7 INL- I I;I:egative i?put (diff;rential—) for audio amplifier of left channel.
A P T\ A7 5
8 INR- I I;:Iegative i\r}put (diffe\rential—) for audio amplifier of right channel.
B AT P T\ A7 5
9 INR+ I I;Ssitive in‘put (differ\ential—k) for audio amplifier of right channel.
AU P B RN I S o
10 LIM I Enable t}le Limiter Flincti‘on agd select limiter level.
A5 f36 S Dy e R S 1 A 182 5 3 o

" I: Input; O: Output; G: Ground; P: Power
Copyright©2019, Jiaxing Heroic Technology Co., Ltd -3- 01/2010 - V0.1
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11

GAIN

System GAIN set. Three GAIN level for select.
s

12

OUTR+

Positive output terminal (BTL+) for right channel.
B IR S .

13

PVDDR

Power supply terminal for right channel.

AP B D L

14

OUTR-

Negative output terminal (BTL-) for right channel.
A P U A

15

OUTL-

Negative output terminal (BTL-) for left channel.
J 75 TE S

16

PVDDL

Power supply terminal for left channel.

T 75 TE ) 3R L

17

OUTL+

Positive output terminal (BTL+) for left channel.
7 P I i

18

EN

Audio amplifier and Boost converter enabling terminal. The IC is enabled when it
is pulled high.
DISCRI T A e i, 2 s DOt S

19

FB

Regulator Feedback Input.
T A 5 U5 A\ i o

20

POUT

Boost Converter voltage detect pin.

I s i A 9 o
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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 Vear \%
Output voltage range Veout -0.3 9.5 \Y,
Operating temperature range Ta -40 85 T
Operating junction temperature range Ty -40 170 T
Storage temperature range Tste -50 170 C

® Recommended Operating Condition
PARAMETER Symbol CONDITION MIN TYP MAX UNIT

VBAT supply voltage range VBAT 29 3.7 8.5 V
Output voltage range Veout Veat-0.2 9 \Y,
High-level input voltage ViH 2 Vear \Y
Low-level input voltage Vi 0.7 \%
Operating temperature Ta -40 25 85 C
Load impedance RL 4 Q

® Electrical Characteristics

Condition: Ta=25°C, Vsar = 3.7V, fix = 1 kHz, Vpour = 8.4V, Gain = 25.5dB (GAIN=H), Cix = 1uF, Limiter Function disabled
(LIM=GND), RiLim = 360k, Ceaoutr=4.7nF, Load = 4ohm, unless otherwise specified.

Main Characteristics

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
VBAT supply voltage range VBat Boost + Amp work 29 3.6 8.5 \%
Boost on threshold voltage Ve_tH Amplifier Output Vrus 1.6 Vims
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
Interpal Inpgt impedance Ri GAIN=H o4 KO
(per input pin)
GAIN Floating 15.4
Boost Converter
PARAMETER Symbol CONDITION MIN TYP MAX UNIT
Eﬁference voltage at the FB Vier 12 v
Boost off delay time tBoosT_oFF 220 ms
Er?ﬁSt converter input current L Rum = 360k 8 A
Reference voltage at lLm pin Vim 1.2 Vv
Boost converter frequency feoosT fclass-D kHz

' 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

Copyright©2019, Jiaxing Heroic Technology Co., Ltd -5-
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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
=1W% | pOUT =8.4V
Output power Po THD+N=1% | Vear=3.7V 6.4 W
Load = 4o0hm
THD+N=10% POUT = 7.8V 2%x7.7
i i i Po=0.25W = 0.05
Total .harmonlc distortion THD+N 0 F\’_L 4Q), %
plus noise Po=1.0W f=1kHz 0.05
. f=20Hz~20kHz, A-weighted,
Noise output voltage Vn Av=21dB 130 MVrms
. . . 1W, f=20Hz~20kHz,
Signal to noise ratiao SNR A-weighted, Av=21dB 84 dB
VBaT = 3.7V, RLI=4Q+22uH, 75
Efficiency (Class D + Boost Po = 2x0.5W %
iciency (Class oost) n Veat = 3.7V, Ri=4Q+22uH, 73 °
Po = 2x4.0W
. . Input Grounded, With or
Operating quiescent current IaT without load 7 mA
. Input Grounded, With or
Shutdown quiescent current Isp without load 1 MA
Class D switching frequency fclass-D 400 kHz
Copyright©2019, Jiaxing Heroic Technology Co., Ltd -6-
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Other Characteristics

PARAMETER | symbol CONDITION MIN TYP | MAX | UNIT
Limiter Function
Gain range Aviim 30 dB
Gain step STPum 120 /
Attack time ta_Lim 10 ms/dB
Release time tr_Lim 160 ms/dB
Limiter level (Peak) Vit LIM floating 0-8xVeour \Y
LIM 220k to GND 0.95xVpout
Thermal Foldback (TFB)
Sr\:)et;ction pOinttemperauture oTP 150 <
E;/Setre rteesrinsperature protection OTPhys 30 °C
g\(/;rvétreymr?;ﬁture protection OTPR 140 °C
Thermal foldback trig point TFB 130 °C
TFB attack time ta_Tre 640 ms/dB
TFB release time tr_TrB 1280 ms/dB
Input/output

Internal pulldown resistor of R 150 KO
EN DOWN
EE,hGleA\ﬁ input voltage Vi 2 v
Ilgcl)\lvj/(l‘?X?rxljmpUt voltage of Vi 0.4 v

Copyright©2019, Jiaxing Heroic Technology Co., Ltd -7-
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B TYPICAL OPERATING CHARACTERISTICS
Condition: Vear = 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 = 4ohm, Filter =
100o0hm + 47nF, unless otherwise specified.

8
7

Ap)

6

5

900m
800m

700m

600m

500m

400m

300m
20

0m 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 Analyzerlevel A Left

VOUT vs VIN

RED: LIM FLOAT
BLUE: LIM 470k to GND
CYAN: LIM 220k to GND

Copyright©2019, Jiaxing Heroic Technology Co., Ltd -8- 01/2010 - V0.1



ff@ HEROIC HT8787B

ssshasiony Stereo Class D Amplifier

BOOST + Class D (BTL)

Condition: Veat = 3.7V, fin = 1kHz, Gain = 25.5dB, Civ = 1uF, Limiter off, Output = Load + Filter, Load = 4ohm, Filter = 100ohm
+ 47nF, unless otherwise specified.

Viar VS lgar

= Input Grounded
L Load=2"4R
16 /’
14 /
< 12
=) - = no LOAD
= 10 :
3 T —— with LOAD
- 8
6 /
4
2
0
2:5 3.5 4.5 5.5 6.5 WD 8.5 9.5
VBAT (V)
Vg Vs ISD
5
Input Grounded
no LOAD
4 no FB
E 3
wn
=]
2
1
() R e | S Y
2:5 3.5 4.5 5.5 6.5 7.5 8.5 9.5
VBAT (V)
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)
+30
+25
d
B
. L
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
2 1 Green Solid 2 Analyzer.Level A Left
3 1 Magenta  Solid 2 Analyzer.Level A Left

Fin vs GAIN
RED: GAIN=L
PINK: GAIN=H
GREEN: GAIN=FLOAT
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20
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5 /
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]
I
:'
0.5
* ,'
0.2
0.1 \J
~——
I
0.05
0.02
0.01
60m 100m 200m 500m 1 5 10
w
Sweep Trace Color Line Style Thick Data Axis  Comment
1 1 Red Solid 2 Analyzer. THD+N Ratio A Left
1 3 Green  Solid 2 Analyzer. THD+N Ratio B Left
THD+N vs Po(fin=1kHz)
20
D
10
5
2
1
0.5
%
0.2
0.1
0.05 e p——
f——~——— ]
0.02
0.01
60m 100m 200m 500m 1 5 10
w
Sweep Trace Color Line Style Thick Data Axis  Comment
1 1 Red Solid 2 Analyzer. THD+N Ratio A Left
1 3 Green  Solid 2 Analyzer. THD+N Ratio B Left

THD+N vs Po(fin=100Hz)
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10 N 20
712
—10
5 -
-5
-2
2
—1
- 0.5
w I 8 %
— 0.2
500m
\ 0.1
- N N N \ 005
200m -
- 0.02
100m 0.01
20 50 100 200 500 1k 2k 5k 10k 20k
Hz
Sweep Trace Color Line Style Thick Data Axis  Comment
1 1 Red Solid 1 Analyzer.Level A Left
1 2 Red Solid 2 Analyzer. THD+N Ratio A Right
1 3 Green  Solid 1 Analyzer.Level B Left
H -k
THD+N vs fin(Po=2*1W)
10 N 20
AR)
—10
° — =
J—
-5
-2
2
—1
- 0.5
w 1 - %
- 0.2
500m I
/'\/
= _ 0.1
\ ~ 0.05
200m =
— 0.02
100m 0.01
20 50 100 200 500 1k 2k 5k 10k 20k
Hz
Sweep Trace Color Line Style Thick Data Axis  Comment
1 1 Red Solid 1 Analyzer.Level A Left
1 2 Red Solid 2 Analyzer.THD+N Ratio A Right
1 3 Green  Solid 1 Analyzer.Level B Left

THD+N vs fin(Po=2*5W)
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10.00 X
1kHz input /_//
9.00 RL =2%4Q
ILIM = 360kQ
S 7.00 ///
600 7 = THD+N=1%
500 —— THD+N=10%
4.00
2.5 3.5 4.5 929
VBAT (V)
10.00
1kHz input
ILIM = 390kQ |
~ 800 ——FB=120kQ+22kQ
£ 700 /,
6.00 ”
// = THD+N=1%
—— THD+N=10%
5.00 =
4.00
2.5 8L 4.5 5
VBAT (V)
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Povs I
90
80
70 /f —
?\: . /
- Y » —
50 . RE-= VBAT=4.2V
ILIM=360kQ = VBAT=3.7V
40 | FB=120kQ+20kQ | VBAT=33V
30
20
0 2 4 6 8 10
Po (W)
Povs I
90
80
.
=
—— VBAT=4.2V
ILIM=360kQ e \/BAT=3.7V
40 [—FB=120kQ+22kQ——————————VBAT=33V——
30
20
¢ 2 4 6 8 10

Po (W)
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Povs
90
80
s
=
| il RPN [ —— VBAT=4.2V
50 ) 1kHz input, RL=2*4Q
ILIM=390kQ = VBAT=3.7V
40 | FB=120k+23.2kQ) ~VBAT=33vV——
30 :
20
0 2 4 6 8 10
Po (W)
Povs
90
80
i\cl /—\
=

60
[V
50 —tkHzimput =40+ 22uH—

ILIM=360kQ
20 | FB=120kQ+20k@ ————— — =40
VBAT=3.7V
30
20
0 2 4 6 8 10

Po (W)
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H APPLICATION INFORMATION
1. Glossary

The application section may use the following terms. AR AT g FH 2 LU A

Limiter: When Limiter function is active, the output music PEME: 4FROBDIRETT I, DhisC t 4k BR i
can be limited below the Limiter Level. FERRIRAE AT o Dyt ik B RIEE S5, S
Limiter Level: Vi ¢ for short. The maximum output voltage 19 3l FeEfE 1 it AR AR DL PRI 1L
allowed before amplifier gain is automatically reduced. FRIEAE : PRIEZHRETT IS J5 v B 0 & K H
Thermal Foldback: TFB for short. When this function is U RTFR Vi,

active, HT8787B reduces the on-die power dissipation by HzPRIEEH]: R TFB. 45 BT
reducing system gain if the on-die temperature exceeds the EFIE IR . RS ERSE TR . B PCB
Thermal Foldback Trig Point in case of the device being S5 b 2 DR 38 phy 0 8 Uk B Al R B, i TR
operated beyond the recommended temperature or power T [ 235t A T 08 25 L B ARG8T 245 38

limit, or with a weaker thermal system than recommended.

| . ! A 2017 4k 9 [0 > s T Bl B Y 1
Once the die temperature drops below the TFB trig point, the BT PRS2 AR, XD RS Fi D

system gain is increased until the TFB trig point is reached. IRz R
oy [ S s e -
Thermal Foldback Trig Point: TFB for short. The on-die . %Zj} Bﬁfﬂﬁﬁ%ﬂﬁ%k i N “?j; TF—.E ’ Eﬁ H )
temperature trig point for reducing system gain. 5;% f;ﬁﬁi QZU%J ; _EIF A A A IR T v T A D)
ﬁ J/:I)-]li i % :] 5 o

Attack Time: ta for short. The rate of Limiter or TFB gain B o " o v e .
decrease. The default value for Limiter Attack Time is 10ms ‘ E Z) HﬂL‘IETJ bR IPE?J [ jﬂ H EjJﬁlgﬁ Yﬂll‘j:ﬁi\ il Th e
/dB, and the default value of TFB Attack Time is 640ms/dB. (P38 a5 PR % . PRI Zh R IS Bl [E A 10ms

Sh BE VB dos 2 T &% (5 B2 =h et Tl 2k R
Release Time: tr for short. The rate of Limiter or TFB gain /dB. FISIHERIEHIDIHE S S )y 640ms/dB

increase. The default value for Limiter release time is FETBORT H] = PR T Re AN H 20 PRI 4% 1 Th g
160ms/dB, and the default value for TFB Release Time is (1) 38 2 14 T e . IR IE D e AR BN [A] 24 160ms
1280ms /dB. /dB,  H & IR & % ] h 6E 1 R TR 1R O
Adaptive Class G Boost Converter: Only when the output 1280ms/dB.

audio signal exceeds a preset voltage threshold (Boost on HIEMN G KT E: AN Y Thiic s Bk 3
Threshold Voltage Vs TH), the boost converter is enabled. WAl (BRATHEBRME, Ve m), FHEIFE. 4
When the audio output voltage is lower than the threshold THic B A T T ﬁ: TR . M ThE

voltage, the boost deactivates automatically. This technology A RGR TR 2 . 2K FL I ) B B T

can improve the system efficiency and extend play time in i i
battery applications. FHEBMA: WFK Ve ae. JFEFHEDIRER) L)

L
Boost on Threshold Voltage: Vs tu for short. The output TRCH R

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, [RiETheen] gesi it AR AT LA =
smooth the music, limit peak supply current, extend battery XN, R EERE, BiiEmy\ R, BEhne
life, and prevent early shutdown at end-of-charge battery VLA ], B {FE R MG B B ) s B 0 1 KU
voltages. et s . B

= o | NRETE IR, 5 S th P2 B R
When Limiter function activates, the output music can be 18, Tk 2504 h4g 45 0.25dB . ta= 10ms/dB

llmlted below the Limiter Level (VLIMﬁL). If the output audio Eﬁﬁ% g i\j] I:(‘%,ﬂ;& '@Eyjﬁiﬁﬁ Hj éﬁ T#E IKE mg {E . ISE

signal exceeds the Limiter Level, HT8787B decreases I, B T e R T BRI, 2%

amplifier gain by the rate of attack time (10ms/dB), 0.25dB s - s
per step. HT8787B increases the gain by the rate of release Ff L3 0.25dB . tk = 160ms/dB 1) 3 5 33

time (160ms/dB), 0.25 per step, once the output audio is e ZEREREEIT.
below the limiter level. Fig. 1 shows this relationship.
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INPUT
SIGNAL

T

Attack Time . Release Time — e
GAIN  ——

Gain Step ¥ | —

Y

R— LIMITER
SIGNAL U LEVEL
Y
U v

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 HT8787B 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.

Rp
POUT FB

Rd

Hrbr, PRUEMErTEELIMG & E . LIMBE
R, FRIEDIRER M. LIMBIE SR, 2h
JEUEA) A H) Dh 22 ] B SR AETHD+N~1% LA R o 4
B RIS DA, LIMBHE— A ra B 3 4,
2 L FELBR/IN, A H D AR 5 R B /N
Tha, LIMBHE — A BIVABT, LR,
RS U

HT8787B & — A~ H & B A R A — AN Tt
FLrp B O BT e EE R N (Y EL Y F R VBAT
THE 2 5 w0 B POUT,  BLSR A48 oy ik v st
PVDDx. %77 $&F D % %3
3TN T R 75 B AN R AR

Figure 2 FB Terminal Configuration
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The boost output voltage POUT is set by a resistive voltage
divider from the output voltage POUT to FB terminal, which
is shown in Figure 2. The output voltage can be calculated by
POUT = 1.2*(Rp+Rd)/Rd. Some typical output voltages can
be set by following settings.

Th I B % v B ATl FB Y FEL P B,
K2, POUT = 1.2%(Rp+Rd)/Rd. #3 i 7%
HEEREW R,

Table. 1 Output Voltage Setting for HT878H

POUT Rp(ohm) Rd(ohm)
~7.3V 240k 47k
=77V 120k 22k
=79V 240k 43k
~8.4V 120k 20k
~8.6V 240k 39k

The Class G boost converter is adaptive and supports only
boost on-off. It activates automatically depending on the
output audio signal amplitude. When the output audio signal
exceeds a preset voltage threshold (Boost on Threshold
Voltage Vg TH), the boost converter is enabled, and the
voltage at POUT is the preset voltage. When the audio output
voltage is lower than the threshold voltage, the boost
deactivates automatically. The Boost on Threshold Voltage
Ve mn is fixed as 1.6V. Fig. 3 shows how the adaptive boost
modulates with a typical audio signal. By automatically
deactivating the boost converter and passing VBAT to POUT,
the HT8787B efficiency is improved at low output power and
extend the play time in battery applications.

1z

HT8787BAE A I [Fl 20 - A B ik HoAT H i
NRE, B M5 S KT FHEBME Ve ™
i, HT8787BA & #t NF+ AL, %) RERESE N
RGUBARPCR, TERR R SR RO e Lt 4k
RrCHS ]

N ERIR IR RS SR, AR S
VPOUTHIAL IR R .

Vear=36V
Gain = 25d8
B| Ry=BO+33uH

1]

— WPOUT
— Vours —Vour-

£E

V = Voltage - V

0.5 1.0

t = Time - &

2.0

Figure 3 Adaptive Boost Converter with Typical Music Playback

2.2.1 Component Selection
(1) BOOST Converter Input and Output 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

HT8787B 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.

X RE R, AR B S AR E
(1857 TAFE B Z{H RIPVDD_E A VR 5 K L
SRR SE o« BOK I fiE FL A7 Bl iy 1k e i L e
TRE.

X YRR RS (KSR R BE B (ESR)
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Vi A AR BN A IE . XA A IE BRI R A BT

2R b R R S AR U A G

o BEAN, HIXFPUENE AR SR

HRRB%%EE,Iﬁuﬁﬁ%@Z@%Eﬁ%i%m

B R 2 S BUCER R
AT, 7EVBATFIPOUTI
(2) Inductor Selection and Placement

/D E —

ZH1uFA

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.

10uFJER; AR M,  FH TR Sest fife e sk,
FERATRESEL S A 5l /. 734, VBATHIPOUT
Ui T A B — NA/NT-4T0uF RIAG RE HL 4 . IX it
FL 2 0 DB L (M B AR I B e v SE B, DU
BRIEVE -

FELJE 1) PR VAL 2 00 R D0 ) e R ) 3 R 5 T FL UK
() JERARL ) AT oV 1) e R UL PRI 4R o I T
o RIS AR E R TAE, @ UE L =2.2uH,
DCR<0.1ohm.,

FLRR e SR AT RESEIT SW AL, JF H 5 SWAETR —
PCBJZ /R W] REAE I ELIEAHE

XHF AR DR LA, AR S AT L
o

Table. 2 the Recommendations of Isar of inductor and Diode for Different Applications

Output Power (W) Isat(A) Diode
2x4 >3.5 SS52
2x5 >4.5 SS52
2x6 >5.5 SS52//SS52
2x7 >6.5 SS52//SS52
2x8 >7.5 SS52//SS52

(3) Schottky Diode Selection and Placement

A Schottky Diode with Vrrm > 12V, VEm<<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 3.

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

The GND of the HT8787B, Civ and Cout should be
connected close together directly to ground plane.

AR “IE MRS Vrrv > 12V, Vin<
0.5V, FFHAEAF DR AR, AL
ER3. R TARE R AT RE SR A

PV DD HLfifE HL 75 TR«

HYEZE (Vear, PVDD, BFEHEIER), SW
4, BOSATREMEAIAE . K. S, kLol
RER:; NAFANERESWin 5] 28, HIF AR &
SZMIEMI;

VearfVeout#i CiN, COUT}_L‘ RATReSEIE &S A
S, CAORIE H R A e

B . CnFICoutIHl, NIRRT
HIEg AR IE e B Fa e nT SE R .

82451

Copyright©2019, Jiaxing Heroic Technology Co., Ltd -19-

01/2010 — V0.1



f@ HEROIC

)
‘. // technolaogy

HT8787B
Stereo Class D Amplifier

2.3 Thermal Foladback (TFB)

The HT8787B Thermal Foldback, TFB, is designed to
protect the HT8787B 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 HT8787B 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
HT8787B 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

P - ~ ~
/ N\
L \

HT8787B P HBERKL 1 H 8l FRIGI= I DI g,
LA N SREL . hiGEE . REBEVE
Ae AN EESE R IR 51 S 4 W5 = T E 2l BRI 2 1 firh
& (TFB, 130°C) B}, Zhist#4 LA ta = 640ms/dB
(PR R H Bh9f /N 5, AI/INES B TR FEBUN M
FRAR I FEAE R MIRRIG, S8R/ TR
g s TFB B, Dyt X% L ER N tr =
1280ms/dB [ # H Z NG a5, H 34505 3
ISR RIE A (TFB) . angbfg3a . 38 hn sk /s
FIEEE 259 0.25dB . % fn & EI R,

Release Time

Thermal Foldback Trip Point '~

Output Singal

—_— —_——

Figure 4 Thermal Foldback Operation

Copyright©2019, Jiaxing Heroic Technology Co., Ltd -20-

01/2010 — V0.1



f'@ HEROIC
‘,_J technalogy,

HT8787B
Stereo Class D Amplifier

2.4  Audio Amplifier Input Configuration

HT8787B 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 Riv. The input signal gain is calculated by
Rp

External Ryy+Internal Ry

Gain=12dB +20xlog(

).

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

2n(External Riy+Internal Riy)XCiN”

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

The values of internal Riv and Ry is shown in Table. 4.

Front Cincuit

?

_‘-{ l External Intermal

C
N R

znl_rr_“ R

b

HT8787B WA MK 1 & A, mIHRI %
7 BB S RS UM N U S, O T BRI
W\,

X 2SN, B RE B Cin AR A
FHLBH Riw 23 5304 N B IN+ A IN-3 o G B ZHTBCR
Gi 2

: Rp
Gain=12dB +20xlog( External Rjy+Internal Ryy

I RC fRyi@ sk 28 I AUEATZE N
1
fe=

- 2n(External Riy+Internal RiN) X Ciy °
XF A, R Cin ATAN R N FELRH
Rin A4 B IN+3 o IN-ii 20 25058 ok 4 7] (1) Cing 1
Rin Fetth . #EATER fo b5 2 2 B AH A .
Forbr, B\ L BH S D TSO 23 R R W R R

)

Front Circuit

Figure 5 (1) Differential Input;; (2) Single-ended Input
Table. 3 Internal input resistors and feedback resistors
GAIN Internal Riv (ohm) Rr (ohm)
21dB 36k 102k
25.5dB 24k 114k
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 HT8787B 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

HT8787B has the protection functions such as Over-Current
Protection function, Thermal Protection function, and Low
Voltage Malfunction Prevention function.

AR E R B S D B .
0 S o D ARG, BE T EMIL R SR
e, AT PR B R AR R L LC DRSS -

HT8787BE A LA LRI LRI ThRE: Far th o
TR A NIRRT IR RE S E 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 HT8787B (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). HT8787B 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 EN terminal into logic low or high, HT8787B can
enter into different modes, shown as follows.

Note that an internal 150kohm pulldown resistor is connected
to EN respectively

ARG 38— s s B 5 —
S LIS 5 SV DR R 2l o S o D) 4 2 v BELAS
B LB P e SR o JEBR TG DU R JE, &R H Bl
IR ORI %R HLEE UK Class DAY R

eI B A IR OTP i, i@ R
PRSI i U A SRR AR (AR
i B ), By LR R AR

ORI B H S Vear 18T Vow, JE 8 RE
PRy, D TN o A SR FPIRES (e
B A B Vear & T Vown, R
W H B, & )a 30 E Tstue JERENIEH L
IR

¥ EN him bk, HT8787B ik AAN[H]
LA, W NRTR.
EN W#B4 150k 231 K 7 B BH

Table. 4 EN Terminal Configuration

EN Mode
H Adaptive Boost +Audio Amplifier
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 (Itnv). The peak switch current limit can be
set by a resistor (Riiv) at the ILIM pin to ground. Typical
applications are as follows. Use a resistor no smaller than
330kohm for Rimv.

Table. 5 Typical Rium Value

Ririv (ohm) I (RMS)
430k 5A
390k 6.5A
360k 8A

FE ILIM A% s B 2, AT B T ) A
NBRRIEE . WAREI TR Ruw BUE
ASNAK T 330kohm.

Copyright©2019, Jiaxing Heroic Technology Co., Ltd -22-

01/2010 — V0.1



f@ HERQIC HT8787B
l‘—J ssshasiony Stereo Class D Amplifier

3.3 Gain Select (GAIN pin)

The GAIN pin is the terminal to select system gain. There are GAIN HIm] & $: HT8787B I i) R 4u i 7 o
three different choices as following. WEIT .
Table. 6 GAIN Terminal Configuration
GAIN Terminal GAIN Internal Rix (kohm)
21dB Logic Low 36k
25.5dB Logic High 24k
30dB Floating 15.4k
3.4 EAOUT
The HT8787B requires external compensation for the HT8787B Tt [ 5 2 AN i kb % H it L AE 45 T
stability of boost converter. The EAOUT pin is the output of TERasE M. EAOUT #Mah e i e 25 3 i, $L 7Y
the internal error amplifier. An external ceramic capacitors (7, EAOUT A4 4.7nF HLZ5 5l Hh .

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 PVDDLFIPVDDRE Il R At d v (A i AlAq =

audio output driving of channel L and channel 8. HEE T DR AT BE A R 2R B T E M R
respectively. They should be connected directly to the 75

bulk capacitor Cour of the boost converter closely with
wide routing.
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4. Typical Circuit Diagram

PVDD
VBAT fey T
S50 T - e N S e " m——

|

sl 70uF g OuF 70uF gOuFguF gOuFguF
. 4.7uH SS52
E?OuF iOuF I, TN || H—

ILIM POUT
EAOUT FB =

PVDD

SI=
e
=

13 —1— =]
10R ~——1uF SW EN S
: sW OUTL+ i Y OL+
= VBAT PVDDL T——|P\DD
LIN+ — = INL+ OUTL- o A OL-
LIN- — - INL- OUTR- — YN OR-i
RIN- — 5 INR- PVDDR 55 PVDD
RIN+ — it INR+ OUTR+ - OR+
oN RN meg o e
4 A=A
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5. PCB Layout
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B PACKAGE OUTLINE

h A
B Rl
|
2 S | S Ee el _4_ = ey
|
' T N \
/L/
i |’
AT ELELLE: 218
D1 A
D i | 12
I'l 6]
/"T‘l""w \
DETATL A
i3 / k
R
*J__AI
TSSOP20-PP Package
size (mm) size (inch)
Symbol
min max min max
D 6.400 6.600 0.252 0.259
D1 4.100 4.500 0.165 0.169
E 4.300 4.500 0.169 0.177
b 0.190 0.300 0.007 0.012
c 0.090 0.200 0.004 0.008
E1 6.250 6.550 0.246 0.258
E2 2.900 3.100 0.114 0.122
A 1.100 0.043
A2 0.800 1.000 0.031 0.039
A1 0.020 0.150 0.001 0.006
e 0.65(BSC) 0.026(BSC)
L 0.500 0.700 0.02 0.028
H 0.25(TYP) 0.01(TYP)
0 1° 7° 1° 7°
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IMPORTANT NOTICE
EE

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.

MR TREAR AT (BUNFEARHT GREX ™6 RS SCEBMEMES. B, 26, SEEMHMbSE, sdsik
PEAATAT = F A RS BIBUR . 2 P 0 R SR = B RLB R AT S 215 SR B0 B e 28

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

HTXEAH OCBLF 1) 158 B A B B LA R 25 7 77 it (R AR 4R e vk AS A AR AT 54

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 87 H AR T8 AR A e Rp i & 55 22 PR s (W R o

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.

ASCH HAH A B ARSI EER), EHTIEAR LT, WA AR AT RE & AR S5 =I5 BRI R 35 9 Tt .

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

T AT DAIB AR B 24 7] IR G AN 2 7 3

EXNAHBTRRARAA

Jiaxing Heroic Electronic Technology Co., Ltd.

bk WHLE I TR A Y3339 5 JRCREAMKE ==

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

T L RE R E TR AT, BN SREUGER ™ 5 SRR Bk

Copyright©2019, Jiaxing Heroic Technology Co., Ltd -29- 01/2010 - V0.1



	FEATURES
	APPLICATIONS
	ORDERING INFORMATION
	DESCRIPTION
	TYPICAL APPLICATION
	TERMINAL CONFIGURATION
	TERMINAL FUNCTION
	SPECIFICATIONS�
	Absolute Maximum Ratings�
	Electrical Characteristics

	TYPICAL OPERATING CHARACTERISTICS
	Limiter
	RED：  LIM FLOAT
	BLUE： LIM 470k to GND
	CYAN:  LIM 220k to GNDBOOST + Class D (BTL)

	APPLICATION INFORMATION
	1.Glossary
	2.Feature Description
	2.1Limiter Function (LIM pin) 
	2.2Adaptive Class G Boost Converter  
	2.2.1 Component Selection 

	2.3Thermal Foladback (TFB) 
	2.4Audio Amplifier Input Configuration 
	2.5Amplifier Output 
	2.6Protection Function 

	3.Other Terminal Configurations
	3.1ENA, ENB 
	3.2Adjustable Peak Current Limit (ILIM pin)
	3.3Gain Select (GAIN pin)

	4.Typical Circuit Diagram
	5.PCB Layout

	PACKAGE OUTLINE

