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2x8.0W Audio Amplifier with Class H 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

- Both Class D and Class AB is available
+ THD+N: 0.04% (RL=4Q, fin=1kHz, Po=2x1.0W )
- Low Quiescent Current:7mA, 3.7V

+ Output Power (Vear=4.2V, fin = 1kHz, R.=4Q

2x6.8W (continuous power, Vpout=8.3V, THD+N =
0,

;f)S)AW (instantaneous power, Vpout=8.3V, THD+N

=10%)

- Power Supply Vgar: 2.8V~5.5V

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

- Filter-less Modulation

- Thermal/Low voltage malfunction prevention
function with auto recovery
- Pb-free Packages, TSSOP24L-PP

B APPLICATIONS

- Smart Speakers - Wireless Speakers

- Portable Speakers - 2.1Channel Speakers

+ Megaphone - Portable Gamers

B ORDERING INFORMATION

- AMEERERFRIEThEE
-BHEEEMRGIEE, FHLEE
ElEREKTERN
- NE BofRiEITHIT e
-ENAEEAE NG, B IR XEIIR
- X BEIEN GERFAEINRE, BRRECHERET A
-AETERANRAE, BXhLLERItHITE
-FEERAE
- SXFFABZRS DR
- THD+N: 0.04% (R.=4Q, fin=1kHz,
Po=2x1.0W)
- KBESER: 7TmA, 3.7V
- BIHHINER (Vear=4.2V, fin=1kHz, Ri=4Q)
2x6.8W (Vpour=8.3V, THD+N= 1%, &E£EtH)
2x8.4W (Vpour=8.3V, THD+N = 10%, Bzta
)
- VearftHSBHE: 2.8VE5.5V
- =FfzRi%#E: 21dB, 25.5dB, 30dB
- RISHBR TS, BEEEiGES
- RIPINEE: AR R/ RERBRIFINEE
: %fn?ﬁi‘f&, TSSOP24L-PP

SPRHIZE

- EEXERE
- EHEERAL

CBEEEE - TAEW
C2AFENER AITERE

Part Number Package Type Marking Operatmga'l;]egrgperature MOQ/Shipping Package
HT878TwmTE R Tape and Reel
HT878 TMTER TSSOP24L-PP UVWXYZ! -40C~85C 3000PCS
HT878TwmTE . ; Tube
HT878TMTET TSSOP24L-PP UVWXYZ -40°C~85C 38PCS
1 UVWXYZ is production tracking code
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Stereo Class D Amplifier

B DESCRIPTION

The HT878T is a stereo Class D audio amplifier that drives
up to continuous 2x6.8W (1% THD+N, boosted to 8.3V) into
4ohm speaker. It also integrates Class AB amplifier to avoid
EMI.

HT878T 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.

HT878T 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 HT878T 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.

HT878T has a filter-less modulation circuit which can
directly drive speakers. HT878T 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

HT878T/2 — 3k W & H 1& NI+ K I SR 7D 3K
B RO A, R At T R =
Veour=8.3VIit, THD+N=1%. 1kHz{5 5 41
T, BREELLHH2X6.8WI% (4Q7#H): 7
bb, HESCFFABIAE .

HT878TWEGIH Tk, "EE B ERKTHEHE,
L AL AN TR DR R o TR AR /NS R
AT, SCHDIRECRN TR, HATK
B HE s R, EA HL B SR (A .

HT878T H.A AJ A = i & i) BRI (Limiter) T g .
RIEZHREI R, RIMER A SRR, & 55
BB IR ISR E I DI A THD+NZZ A,
AEAN [ TR AR B A ORAT IR P 755K

HT878Tit R A H ARtk (TFB) Thfg, 7£
IR R . ABRBE R AR 4
LT FECE A A IR R, O e E B
AR R Gt o, 8 Gty i N i 5% W R 7
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{[ERZIE S

UEAk, HT878T A B S A Sl i 4 A IR, fig
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12 MUTE = L, Normal Operation

MUTE MUTE = H, Muted

13 LiM=L, Limiteroff
LIM | —#— LIM = Floating or connect resistor
to GND, THD*N<1%

GAIN=L,21dB
|—— GAIN = Floating, 30dB
GAIN=H, 25.5dB

ENA k ENA = H, Audio Amplifier enabled
ENA = L, Audio Amplifier disabled

ENB | 2%  ENB=H, Boost Converter enabled
ENB = L, Boost Converter disabled
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B TERMINAL CONFIGURATION

wm L @ / 124 pour
EAOUTZ— |————_______i 123 FB
sw i i i 122 ENB
sw 4— E i 121 ENA
w i | R o
VBAT i i 0-GND i 10 PVDDL
we L o
8 | | 17
INL- = : : [ OUTR-
INR- i : I 16
| : - PVDDR
INR+ 12 : : LS OUTR+
' I
po | T ﬂ GAIN
MUTEE E LM
HT878H Top View
B TERMINAL FUNCTION
Terminal | i
No. 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 | viasolder.
Hh, [FIFHR AR AR AR AR B8 42 . PCB AR 7R ZE A L% i aith S 4 5 2
R
Adjustable switch peak current limit. An external resistor should be connected
1 ILIM I | between this pin and GND.
K PRI 1A B i, A FEL L 3
) EAOUT I Error ampliﬁer (?utpu‘f. Connect a 3.3nF capacity p?ralleled with a 15k resistor to
GND typically. 177 BN H oo #2 3.3nF JEEC 15k HL R,
34,5 SW I Boost and rectifying switch input. T T 378 T 5 H A by o
6 VBAT P | Power supply for logic. P #3245 L YAk H oy
7 INL+ I ligsitive ir{put (diffe{entiaH—) for audio amplifier of left channel.
E AU 7 TE N I i o
2 INL- I Iiegative ipput (diffe?rential—) for audio amplifier of left channel.
B U 7 T N S S
9 INR- I Negative i\r}put (diffqential-) for audio amplifier of right channel.
A P IE A U .
10 INR+ I Positive in{)ut (differ‘ential-Ir) for audio amplifier of right channel.
A P IE R IR 3 o
Audio amplifier mode selection. Class D is selected when it is pulled low; Class AB
11 ABD I is selected when it is pulled high.
R R Rk P . RN Dy D AR, ROy AB KR
12 MUTE I MUTE coptrol set.” The audio e‘lmpliﬁer is muted when it is pulled high.
A A . S m, O EE N SRR
13 LIM I Enable t}le Limiter Flinction apd select limiter level.
5 R PRI 20 A R B i 14 s
14 GAIN [ | System GAIN set. Three GAIN level for select. A 35 15 i o

' |: Input; O: Output; G: Ground; P: Power

Copyright©2019, Jiaxing Heroic Technology Co., Ltd -3- 5/2019 - V0.5
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15 OUTR+ O | Positive output terminal (BTL+) for right channel. 47 75 & IF 5y H
16 PVDDR | O | Power supply terminal for right channel. 45 7 1 1)) % FEJF i

17 OUTR- O | Negative output terminal (BTL-) for right channel. 45 75 & £ ¥ % H o
18 OUTL- O | Negative output terminal (BTL-) for left channel. 7 7578 1 Gy i
19 PVDDL P | Power supply terminal for left channel. 7t 75 T T & HE Y iy o

20 OUTL+ | O | Positive output terminal (BTL+) for left channel. /75 i& IF 4t H o

Audio amplifier enabling terminal. Audio amplifier is enabled when it is pulled high.

21 ENACT T st Bemnm oiisor i .

Boost converter enabling terminal. Boost converter is enabled when it is pulled high.

22 ENB | 1| o i, it EER G 2K THEIF .

23 FB I | Regulator Feedback Input. Jt & 7 s 0t A i o
24 POUT I | Boost Converter voltage detect pin. JF % %y HASH 3

Copyright©2019, Jiaxing Heroic Technology Co., Ltd -4- 5/2019 - V0.5
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B SPECIFICATIONS'

® Absolute Maximum Ratings?

PARAMETER Symbol MIN MAX UNIT
Supply voltage range VBaT -0.3 55 V
Input voltage range VIN -0.3 Vear \Y
Output voltage range Veout -0.3 9.0 Vv
Operating temperature range Ta -40 85 C
Operating junction temperature range Ty -40 170 C
Storage temperature range Tste -50 170 C

® Recommended Operating Condition

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
VBAT supply voltage range VBAT 2.8 3.7 5.5 V
Output voltage range Veout Vear-0.2 8.5 \%
High-level input voltage VH 1.5 Vear \Y,
Low-level input voltage ViL 0.7 V
Operating temperature Ta -40 25 85 C
Load impedance RL 4 Q

® Electrical Characteristics

Condition: Ta=25°C, Vear = 3.7V, fin = 1 kHz, Vrout = 8.3V, Gain = 25.5dB (GAIN=H), Cin = 1uF, Limiter Function disabled
(LIM=GND), RiLim = 470k, Ceaout=3.3nF // 15k, Load = 4ohm + 22uH, unless otherwise specified.

Main Characteristics

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
VBAT supply voltage range VeaT Boost + Amp work 2.8 3.6 5.5 \%
Boost on threshold voltage VB_TH Amplifier Output Vrus 1.6 \%
. tsoost_on, Boost only 50
Start-up time ton - — ms
tamp_on, Audio Amplifier only 60
GAIN=L 21
Closed-loop voltage gain Av GAIN=H 25.5 dB
GAIN Floating 30
_ GAIN=L 36
Interpal Inpyt impedance Rin GAIN=H 24 KO
(per input pin)
GAIN Floating 15.4
Boost Converter
PARAMETER Symbol CONDITION MIN TYP MAX UNIT
FIirejerence voltage at the FB Vier 124 v
Boost off delay time tsoosT_oFF 160 ms
Boost converter input current | Cenout = 3.3nF//3.3k 7 A
limit - Rium = 200k
Reference voltage at Iim pin Vium 1.24 \%
Boost converter frequency feoosT ENA=H 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- 5/2019 - V0.5
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Boost Converter + Class D (BTL)

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
THD+N=1% | Vear=4.2V 2x6.8
Load = 4ohm
THD+N=10% POL 2T2ug’3v 2x8.4
Output power Po THD*N=1% Vear = 4.2V 2757 w
Load = 4o0hm
THD+N=10% + 22uH, 2x7.0
POUT = 7.5V
i~ i ; Po=0.25W = 0.04
ToFaI harmonic distortion plus THD+N 0 R AiQ+22uH, %
noise Po=1.0W f=1kHz 0.04
. f=20Hz~20kHz, A-weighted,
Noise output voltage VN Av=21dB 9 125 HVrms
. . . 1W, f=20Hz~20kHz, A-
Signal to noise ratiao SNR weighted, Av=21dB 84 dB
Vear = 3.7V, RL=4Q+22uH, 80
Po = 2x0.5W
- Veat= 3.7V, RL=4Q+22uH,
Efficiency (Class D + Boost) n Po = 2x1W 75 %
Veat = 4.2V, Ri=4Q+22uH, Po 78
= 2x5.0W
. . 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 470 kHz
Class AB Only (BTL)
PARAMETER Symbol CONDITION MIN TYP MAX UNIT
VBAT =42V THD+N=1% 2*1.59
Vear = 3.7V | Load =4ohm 2*1.17
Vear = 3.3V + 22uH 2%0.92
Output power Po — " w
VBAT = 42V THD+N=10% 2 198
Vear = 3.7V | Load =4ohm 2*1.47
Vear = 3.3V *22uH 2*1.16
s . Vear=4.2V,
;I]'git;ael)harmonlc distortion plus THD+N Po=1W f=1KHz. 0.11 %
RL=4Q+22uH
. f=20Hz~20kHz, A-weighted,
Noise output voltage VN Av=21dB 9 125 HVrms
- Vear = 3.7V, RL=4Q+22uH, o
Efficiency n Po = 2x1W 65 o
. . Input Grounded, With or
Operating quiescent current lAT without load 8 mA
. Input Grounded, With or
Shutdown quiescent current Isp without load 1 A
Copyright©2019, Jiaxing Heroic Technology Co., Ltd -6- 5/2019 - V0.5
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Other Characteristics

PARAMETER | Symbol CONDITION MN | TYP | mAx | UNIT
Limiter Function
Gain range Aviim 30 dB
Gain step STPLm 120 /
Attack time ta_Lm 10 ms/dB
Release time trR_LIM 160 ms/dB
Limiter level (Peak) Vim_L LIM floating 0.8xVpour \%
Thermal Foldback (TFB)
Over . . temperauture OTP 150 °C
protection point
Over temperature protection o
hysteresis OTPrys 30 C
Over tempe_rature protection OTPR 140 oC
recovery point
Thermal foldback trig point TFB 130 °C
TFB attack time ta_trs 640 ms/dB
TFB release time tr_TFB 1280 ms/dB
Input/output

Internal pulldown resistor of
ENA, ENB, ABD, MUTE Roown 300 kQ
High-level input voltage
ENA, ENB, BST, ABD, ViH 1.5 \Y,
MUTE, GAIN
Low level input voltage of
ENA, ENB, BST, ABD, Vi 0.4 \Y,
MUTE, GAIN

Copyright©2019, Jiaxing Heroic Technology Co., Ltd -7- 5/2019 - V0.5
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B TYPICAL OPERATING CHARACTERISTICS

Condition: Vear = 4.2V, fin = 1kHz, Gain = 25.56dB, Cin = 1uF, unless otherwise specified.

Limiter

Characteristics below are measured in Class D mode.

Condition: Veat = 4.2V, fin = 1kHz, Gain = 25.5dB, Cin = 1uF, Limiter ON, Output = Load + Filter, Load = 4ohm, Filter = 1000hm

+ 47nF, unless otherwise specified.

Vin Vs Vour Vin Vs Vour
6.00 6.00
Load = 4Q Load = 4Q
fiy = 1kHz fIN = 1kHz
5.00 V=42V > 5.00 'VBAT =4.2V A~
S Class D SN S S Class D e A~~~ ——
—_ /Mf—-— ~ — =
£ 400 BST =GND £ 400 BST = Floating
Gain = 25.5dB Gain = 25.5dB
—LIM=NC
——LIM=NC
0 —HMr=680k 1o GND 0 ——LIM=680k to GND
LIM=470k to GND LIM=470k to GND
-_. LIM = GND 566 LIM = GND
0.1 0.2 0.3 0.4 0.5 0.1 0.2 03 0.4 0.5
Vin (V) Vin (V)
Vin Vs Vour
6.00
Load = 4Q
fIN = 1kHz PRI PE——
500 VBAT=42¥— =
s Casp——"N—"T
S 400 BS]' =H
Gain = 25.5dB
—LIM=NC
3.00 ——LIM=680k to GND
LIM=470k to GND
LIM = GND
2.00
0.2 03 0.4 0.5
Vin (V)
Copyright©2019, Jiaxing Heroic Technology Co., Ltd -8- 5/2019 - V0.5
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BOOST + Class D (BTL)
Condition: Veat = 4.2V, fin = 1kHz, Gain = 25.5dB, Cin = 1uF, Limiter off, Output = Load + Filter, Load = 4ohm, Filter = 100o0hm
+ 47nF, unless otherwise specified.

Vgar VS lgat fin vs Gain
1000 g 5 40.000 . -
0.00 nput Grounde 1 Load = 4ohm
<o, | ClassD T Vaar = 3.7V
\ - Po & 1W
. o | / g 30.000 e
E 60— ——IVBAT S
g —IMUTE 5
= 400 ©
20000 ——mM— - ———
0 | GAIN=L
2.00 |
——GAIN=H
1.00 | ——=—GAIN Floating
0.00 10.000
25 35 45 5.5 20 200 2000 20000
Vgar (V) fn(Hz)
Povs THD+N
100.00
+
1kHz input, RL=40 fiy vs THD+N
< 100.000
o0 Class D, Vgar=4.2V ] oad e Aoha
. ‘tHVI=GND, GAIN =25.5dB Gain = 25.5dB
9 10000 PMgpe=gf—
7 100 g
E e THD+N z 1000 =ttt | |11 —Po=1W _
E ——Po = 0.25W
010 = +
0.100
S / kv’f
0.01
0.010
0.01 0.1 1 10 20 200 2000 20000
Po(W) fin(Hz)
Vgar Vs Po Vgar Vs Po
10.00 10.00
1kHz input 1kHz input —THD+N=1%
e THD+N=1% RL=40
PVDD =7.6V PVDD =8.1V
s 8.00 : 8.00  —
=3 / P=) /
[ 7.00 // ] 7.00 / /
6.00 > T 6.00 —
/
5.00 5.00
4.00 4.00
2.5 3.5 4.5 5.5 2.5 3.5 4.5 5.5
Vgar (V) Vgar (V)
5/2019 - V0.5
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M (%)

100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00

20.00

Povsn

1 (%)

1kHz input, RL=4Q

e—\/BAT=3.7V

Class D, Po=PolL+PoR

e \/BAT=4.2V

PR —-F—EA
FVDD =7.0V

2 4 6 8 10
Po(W)

100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00

20.00

Po vsn

1kHz input, RL=4Q —\/BAT=3.7V

Class D, Po=PoL+PoR VBAT=4.2V

PVDD = 8.1V

2 4 6 8 10 12 14 16 18
Po(W)
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Class AB Only (BTL)
Condition: Vear = 4.2V, fin = 1kHz, Gain = 25dB, Cin = 1uF, Battery tracking disabled (Point off), Output = Load = 4ohm + 22uH,
unless otherwise specified.

Viar VS lgar Vgar Vs Po

20.00 ded 5.00 2
18.00 Input Grounde: 1kHz input — THD+N=1%

Class AB B I 400 RL=4Q ——THD+N=10%

16.00 2
— Class AB

14.00
12.00 —IVBAT 3.00
10.00 IMUTE /
8.00 2.00
6.00
4.00 1.00 ——
2.00

0.00 0.00
25 3.5 4.5 5.5 2.5 35 4.5 5.5

Vaar (V) Vgar (V)

Po(W)

Igar (MA)

Povsn f,y vs THD+N

100.00
1kHz input, RL=4Q 100000 e

90.00 —VBAT = 42V, Po = 1W
Class AB, Po=PoL+PoR Gain = 25.5dB =
80.00 ) —VBAT = 3.7V, Po = 0.5W

10.000
70.00 ——VBAT = 33V, Po = 0.26W
60.00

n (%)

50.00
40.00
30.00

20.00 |/
10.00 0.010

- ——VBAT=42V
—VBAT=3.7V
——VBAT=3.3V

THD+N (%)

20 200 2000 20000
Po(W) fn(Hz)

o
—
[
w
»~
[

Po vs THD+N fin vs Gain

100.00 40.000
Class AB Load = 4ohm
Load = 4ohm Vgar = 3.7V

1000 —fy="1kHz - / Po & 1W

30.000 = i

T T |

00

THD+N (%)
Gain (dB)

20.000
0.10 ==zl GAIN =L

——GAIN=H
——=—GAIN Floating

——VBAT = 3.6V

0.01 0.1 1 10 20 200 2000 20000

Po (W) fx(Hz)
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H APPLICATION INFORMATION
1. Glossary

The application section may use the following terms. AFHE ST e FH B LR R

Limiter: When Limiter function is active, the output music PRIE: 4PRIRDIRETTIE, DisCi 4 FR i 72
can be limited below the Limiter Level. FRIE(E DA o D s BIRRIEE S, S A
Limiter Level: Vi 1 for short. The maximum output B FEEARIE 2 DAZE R e AR PR R AR

voltage allowed before amplifier gain is automatically FRUEAE : FRUEZHRETT S J5 v B 1 B K%
reduced. L, TR Vi Lo

Thermal Foldback: TFB for short. When this function is HhREsH]: R TFB. ¥ HETE S
active, HT878(T) reduces the on-die power dissipation by ISR B . BE RS TR . B E ) PCB &)
reducing system gain if the on-die temperature exceeds the P8 [E PR B0 pA) 0 4 s B i R AU, i TR
Thermal Foldback Trig Point in case of the device being ] 27 [ TH O 25 DA A5 o 3,

operated beyond the recommended temperature or power
limit, or with a weaker thermal system than recommended.

0 A EB AR B A A A 12D RERE R

Once the die temperature drops below the TFB trig point, the DI i -

system gain is increased until the TFB trig point is reached. H sh PR35 ) fil & 05 TRiFR TFB, Bl B shfR
Thermal Foldback Trig Point: TFB for short. The on-die ?ﬂ%{%%u )| ﬁ?—F O P P B AE i  T BEAIR D
temperature trig point for reducing system gain. 138 5 P ik A iR

Attack Time: ta for short. The rate of Limiter or TFB gain ﬁ Z H‘]L‘[‘Eﬂ : R WEEJJ ﬁéj NH Z;j{ FR /ﬂ%ﬁ%” Vi
decrease. The default value for Limiter Attack Time is 10ms O i PO 2 FRIE TR 5 2 1A) 24 10ms
/dB, and the default value of TFB Attack Time is 640ms/dB. /dB, H 3R HITIRER S shE (A28 640ms/dB.
Release Time: tg for short. The rate of Limiter or TFB gain FETSC ) PR D REAN B 2 PRI 32 1 Dh e
increase. The default value for Limiter release time is [ 8 2 38 T 2R o PRI T RE FRRE JEC 18] 24 160ms
160ms/dB, and the default value for TFB Release Time is /B, H 3 BRI 4% ) 20 fE iR 8 TR Dy
1280ms /dB. 1280ms/dB.

Adaptive Class G Boost Converter: Only when the output HIEN G KF T AN 4T 3 s Bk 3]
audio signal exceeds a preset voltage threshold (Boost on sl (RRATHEBIME, Ve m), FHEIFE. 4
Threshold Voltage Vg tn), the boost converter is enabled. T 0 A T T {Ei FHIE 1. TR
When the audio output voltage is lower than the threshold MR TR % TEK L R ° T
voltage, the boost deactivates automatically. This technology REECE ﬁéﬁgﬁf o AR AL A AR )
can improve the system efficiency and extend play time in THEBIE: 8K Ve tae JFETHEDIRER] L)
battery applications. TR H R

Boost on Threshold Voltage: Vg tx 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 (RiEThaerT RE R At H g 25 AT LUAT A
loudness, smooth the music, limit peak supply current, N, fEE RENE, BHIEmY IR, B
extend battery life, and prevent early shutdown at end-of- W SR 1E], A F AR E 5 A gt B 1 IRV
charge battery voltages. et o s . _

se ATy oTRER | NIRRT A R O
When Limiter function activates, the output music can be 18, Thifd 250 U425 0.25dB. ta= 10ms/dB [

limited below the Limiter Level (VLleL). If the output audio ﬁ% g ij] IS%{E& , 'Ti]jjﬁiiﬁ Il:l:lj ZE T#E IKE I.IJE{E. 3 &EE ,

signal exceeds the Limiter Level, HT878T decreases b A = b1 2o [
amplifier gain by the rate of attack time (10ms/dB), 0.25dB UiSR Dy gidcif v IS T BRI EL, DO s Ll

per step. HT878T increases the gain by the rate of release */F O'ESSLB‘ tr = 160ms/dB [ H 2 HE I -
time (160ms/dB), 0.25 per step, once the output audio is AR EEIT.

below the limiter level. Fig. 1 shows this relationship.
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INPUT
SIGNAL

T

Attack Time -

OAM Gain Step ¥

OUTPUT
SIGNAL

Release Time — -

LIMITER
LEVEL

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 HT878T 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

Horr, IREEEPEELIME| R E . LIME
RPN, RIEZIAESCH . LIMBIE 2,
DI TR i £ T R AT 4 PR A AE THD+N~ 1% LA
To EHFREERKHH DI, LIMBHE g
BHEIM, %P, i Th RO AR
/N ThE, LIMBE: — > s P 2 VABT
fE, FELBHGERDN, TGN

HT878T & — A H @I EF—AIhif.
Horh & N R R S N B L . VBAT
THEZE = #EE POUT, PAIRALYS Th i I8
PVDDx. 1% /775 AT 3T+ Dyt it D% . 1% 5 &
T 7 AR 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 = 1.24*(Rp+Rd)/Rd. Some typical output voltages
can be set by following settings. Set a output voltage no
larger than 8.0V.

T s B R T IEd FB S PP B,
K2, POUT = 1.24*(Rp+Rd)/Rd. #HCHLA
B R BB AN T R . THIRAEBCE N AN
8V.

Table. 1 Output Voltage Setting for HT878H

POUT Rp(ohm) Rd(ohm)
~6.0V 120k 31k
~6.8V 120k 27k
~7.4V 120k 24k
~8.0V 120k 22k

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 Vs 1), 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
Vg 1n 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 HT878T efficiency is improved at low output power and
extend the play time in battery applications.

The boost converter can be enabled or disabled by
terminal ENB. When ENB is pulled low, the boost converter
is disabled; when ENB is pulled high, the boost converter is
enabled.

HT878THE B 1 [Fl 0 T A Bk HAT 5 & v
oheE, BPRAEYHEES KT FHEREVs ™
i, HT878TA & HEANTFHEA, 1ZT)RERENE I
ROGUBEARHCR, FEREIE SR RO B H i
BEAUNTA] o

BRI REGE R, S S A
VPOUTIHZE KR

TR AT 3@ ENB G| I S 8L .
SN THE TS, ENBAK T T R o

'h"m'r‘:iﬁ'h‘l
Gain = 25d8
B| Re=B0+33uH

— VPOUT
— Vour —Vour

i

V = Vaoltage = V

05 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, Cout

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
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needed. This choice of capacitor and placement helps with X JEsE AR, (KSR B FEFH(ESR)
higher frequency transients, spikes, or digital hash on the I e s He, ’ﬁ%&i}( RATE . X P A E A4
line. Additionally, placing this decoupling capacitor close to RAETIRS A F BRI
the HT878(T) is important, as any parasitic resistance or Bh, s R A S F TS 78 TR S 8, A

inductance between the device and the capacitor causes
efficiency loss.

DAL T P 2 ] A A 2 A P B B P R 2

Over all, 1uF//10uF//470uF (paralleled) is highl FEOIESR -
ver all, 1u u ur (parali€led) 1S nignly " A " . B
recommended to be placed in both input and output terminal AT, fEVBATRIPOUT S 2 /b i &

as closely to the pin as possible. HIuFAT1OuFE S A B M, T sc A

XFiEA, R ES R AR e ST IR E oI, S5

e e RN VBATAHIPOUTS 75 £ & — A/ NF470uF )
NS u S ALY o 2 A
giﬁggﬁg%iggﬂﬁﬁﬁfa&%m BRI e, oot 20 bR 4 A0 P 5 2

FATSER L, DL RO .

(2) Inductor Selection and Placement

Inductor current rating is determined by the requirements of FE R R S 3 T i B R IR g s T H,
the load. The inductance is determined by two factors: the TR PP JRARL ) E BT R 1 B R F R e .
minimum value required for stability and the maximum BT, CRHAES B IR T, @iUEAL
ripple current permitted in the application. L = 4.7uH, >4.7uH, DCR<0.50hm.

DCR < 0.50hm is recommended for general application
circuit. The inductor should be placed as close to the SW pin FR T BT RESEIrSWHI B, I H 5 SWAEH

as possible with direct and wide traces. For different —PCBER B[ b5 1 H A
applications of output power, the requirement of saturation _ N . N .
current (Isar) of the inductor is different, recommendations MFAFE R TR, LRk WA i
are as follows. LEL
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
2%6 >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 I H R T IE RS E: Verm > 12V, Ve <
is recommended for general application circuit. The diode 0.5V, FHRIEAFEThREFEAE . AN
should be placed as close to the SW and PVDDx pin as W 223, %R R R AT R AT ER JER
possible with direct and wide traces. For different PVDDxJH & .

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 HJEZ (Vear, PVDD, GFEHEFAIES), SW
PVDD should be kept short, direct, wide, and be placed as o8, NRTTREE M. M. . T fLm
closely to the pin as possible. The switching mode SW Bl e, MOAERIVE R SWIE 2 28, HIFC 4T
should be paid more attention for EMI and reliability KA FIHEMI:
consideration. “n

, VearFlVpeouthiiCin, CoutM S AT BEFEIT 5
Place Civ and Cour near VBAT and Diode as closely as Feal i, DR R R
possible to maintain voltage steady and filter out the pulsing Sl
current. . CinFICouTHIHE, BRI g LA

O R A o T (M
The GND of the HT878T, Civ and Cour should be connected RO AT TR 3

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

The HT878T Thermal Foldback, TFB, is designed to protect
the HT878T 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 HT878T 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 HT878T
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 \
L \

Release Time

HT878T WHRLEK 1 A shFIRIZHITIRE, 2

O Fr IR SR B v SO 8. R Gei kg
ANEESE JR PR 51 S5 e T E BB TR R
(TFB,130C) HT DIIBCK LA ta = 640ms/dB (1)
R BENE a, BRI Fr D3R RO

&5 B@%Jmfiﬁ’] F%, b N T IR R
& TFB B, T o LBRAE tr = 1280ms/dB
(R 8 Sh G NI 5, B 345 1R B34 T PR s
(TFB). WG IR . 38 hnak sk /I 1) &5 25 48 26 K
0.25dB. ZiIfER

NEEWT.

Thermal Foldback Trip Point 0 ~

Output Singal

—
——_— e ——

Figure 4 Thermal Foldback Operation
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2.4  Audio Amplifier Input Configuration

HT878T integrates an amplifier (can work in either class D
or Class AB mode) 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 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 (Rpy). IN-
pin should be connected to ground via a DC-cut capacitor
and external input resistor (Riv) (with the same value of Cix
and Rin). The Gain and high pass Cut-off frequency are the
same as the above case.

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

Front Circuit

HT878T

OUT_|

7

Intemal
RIN

B!

HT878T A ARAE Ak 1 & ALl (Al LAFAE D
Jeal AB A, AT 7y B g AR U
NEPUE S, FFT BRI .

XFZE AN, TR B Cin MR
HUBE R 23 AIHINE] IN+AT IN-3i 0 BEES DR
GithaiN

Gain
~ 12dB +20xI Rr
- +20xlog( External Rjy+Internal RIN)

A RC it g as I BUE ARy
ﬁ; _ 1

- 2n(External Riy+Internal Riy)XCiN °
XA, WHEE Cin AIAR R4 L RH

Rin #5 & 2 IN+i o IN-Sig 0 Z5GE AR [F] ) Cin A1

Ry Fetth . #IESER fo 572 704 NI AR TR
Forpr, N R BE S ThSO &5 B R RN R 3K

Front Circuit

HT878T

N,

N xternal Intemal

Tf{ PR IN® "

Figure 5 (1) Differential Input;; (2) Single-ended Input
Table. 3 Internal input resistors and feedback resistors
GAIN Internal Rin (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 HT878T 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

HT878T has the protection functions such as Over-Current
Protection function, Thermal Protection function, and Low
Voltage Malfunction Prevention function.

— B 5 A i AT B .
SRy o O R ARG, BE X EMI R ZERER
s AT A B R SR AR R B LC e RS -

HT878T HAT LA JUR IR TIRE: 4oy thi o
R AR GRS IR SR IR
AR
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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 HT878T (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). HT878T 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,
HT8&78T can enter into different modes, shown as follows.

Note that an internal 300kohm pulldown resistor is
connected to ENA, ENB respectively

RN 2 — A X BN 5
SRR, SRR BN, Ay e D)4 5 v P
&, Db RN . FEIE IR,
FrE R R 1 ORI LR U Class D
A

SRR R R AT OTP I, i iR
PR B, b i ) SRR (AR
L B ), B g R A

sl 2 F R Vear KT Vo, B8R K
LRy, D 2D v SR B IRAS (R
R I E] Vear & T Vown, fRY
Wi H 3R, &5 300 A] Tstup JEREANIER T
PEIRZS

% ENA 1 ENB i eif, HT878T w]
BEAAF B TR, N R PR,

ENA 71 ENB A #R¥545 300k FI3 1 T4
PH..

Table. 4 ENA, ENB Terminal Configuration

ENA ENB Mode
H H Adaptive Boost +Audio Amplifier
H L Audio Amplifier On, Boost disabled
L H Boost On, Audio Amplifier disabled
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 (Riziv) at the ILIM pin to ground. Typical
applications are as follows. Use a resistor no smaller than
200kohm for Rim.

FE ILIM JEVAZ FE B 23, W] B T I %
NI RUEAE AT o S BB AN 3R o Ruvow HUELAS
JRfIX T 200kohm.
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Table. 5 Typical Rium Values
RiLiv (0hm) Iuim (RMS)
470k 5A
330k 6A
200k TA

3.3  ABD Terminal Mode Control (ABD pin)

When ABD terminal is pulled logic high, HT878T works in 4 ABD 3| i4: =, HT878T Ihi TYE#E AB

Class AB mode. Jtiats 4 ABD 31 Hnf€, HT878T Lhj LIk
When ABD terminal is pulled logic low, HT878T works in £ D K#5. ABD 5 &4 300k FIHL T
Class D mode. Fir FLRH

Notice that a pull-down resistor from ABD pin to GND is
placed inside the chip, the resistor value is about 300kohm..

3.4  Mute Mode Select (MUTE pin)

When MUTE terminal is pulled logic high, HT878T 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, HT878T returns to
the normal working state.

M MUTE 5145, HT878T ikt T
S, HH s TR R 2 MUTE 5]
ik, HT878T Thjilnl &2 1E% TAEIRZS . MUTE 3]
JE A #4300k I3 T iz FELFH

Notice that a pull-down resistor from MUTE pin to GND is
placed inside the chip, the resistor value is about 300kohm.

3.5  Gain Select (GAIN pin)

The GAIN pin is the terminal to select system gain. There are
three different choices as following.

GAIN JHITTiE+#: HT878T Lhjl i R4 25 .
WEIT%.

Table. 6 GAIN Terminal Configuration

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

25.5dB Logic High 24k

30dB Floating 15.4k

3.6 EAOUT

The HT878T 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
and resistor Re is connected from the EAOUT pin to GND.
To be simplified, Cc is 3.3nF and Rc is 3.3kohm which can

be adopted in most cases.

3.7 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.

HT878T JI [k ity EAh kb2 HL it DL i 5 T
JEASEE . EAOUT AT i 2242 H B I A 2 3
Hh. SR, EAOUT A% 3.3nF i1k 3.3kohm

HLFH 213

PVDDLAIPVDDR & Dt 3 A i vy (e A FAS
Pl HFRE DU R S B E T R S
NGRS
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4. Typical Circuit Diagram

*Tf
_I_C4

Cll
Cs5 C6 Cc7  * 2 €23 C C21
n 4 ; 10uF IuF TuF 70u71 6v(l:l]uF TuF 10uF TuF
, U T
A A" .

PVDD=1.15%(1+Rp/Rd)
/DD

—f-

1PV
OUTR: | PVDD
GAN

M

@ﬁ;

R14 4 “
100k
—|eaen
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5. PCB Layout
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B PACKAGE OUTLINE

TTTTITET:

11

ill

11

E2
R

()
N

El

LLELELLEL:

D

1

Al

{ (D
Dimensions In Millimeters Dimensions In Inches
Sjool Min. Max. Min. Max.
A — 1.200 — 0.047
A1l 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 4150 0.156 0.163
E 6.250 6.550 0.246 0.258
=i 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
ER

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.

TR TR R A (BURRARHT) fREX 5 RS SCRREMES. Ik, $gm. ses i begse, sifsik
FRAATAT= S ARG RCR] . 2 e R SOANAE = 1T R RIS B8 SR ol e B

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

HTX A 2 B2 4 1 B R B DA B 28 P 7 s IR R T AN AR FEAE AR 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.

HT 7= it AR B -8 AR iy A R v & S e e MR s (R R A 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.

ASCH R RS B RS RN T SE R, (HHTIEAN HA DT, WASSHERT AT 58 & RIS = J7 BRI AR 3 15T

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

T R DA AR B 2 B A SSBEE AR 2 07 3K

FNARIEB T RHARAH

Jiaxing Heroic Electronic Technology Co., Ltd.

bk WL SR A K 33395 JRCRIEAKE =)=

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

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

Fax: 0573-82585078

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

Wechat MP: HEROIC_JX

W R SR E T ME AT, B SREGR ™ W iE B AHE AR Z R
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