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Stereo Audio Amplifier with Class H Boost Converter

2%x8.5W 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

* High Efficiency Boost Converter

-Class H for HT878 and Class G for HT878T,
extends the playing time in battery supply
applications

-Adjustable switch peak current limit to avoid
over-pulling on battery current

-Adjustable max boost voltage (fixed 3 voltages
for HT878, and arbitrary voltages for HT878T)

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

* Output Power (VBar=4.2V, fin = 1kHz, RL=4Q,
THD+N = 1%)
2x5.5W (continuous power, HT878, BST=GND)
2xB6W (continuous power, HT878, BST=NC)
2x6.5W (instantaneous power, HT878, BST=H)
2x7W (continuous power, HT878T, Vrour=8.5V)

2x8.5W (instantaneous power, HT878T,
Vpout=8.5V, THD+N = 10%)

* Power Supply Vsat: 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 DESCRIPTION

The HT878 is a stereo Class D audio amplifier
that drives up to continuous 2x6W (THD+N=1%,
boosted to 8V) into 40hm speaker from a Li-battery
voltage; HT878T drives up to continuous 2x7W (1%
THD+N, boosted to 8.5V) into 40hm speaker. It also
integrates Class AB amplifier which is to be
announced.

HT878 built-in Class H boost converter
generates a Class D amplifier supply rail with a max
voltage of 7.5V, 8V or 8.5 V which is optional to
meet different out power demands; HT878T built-in
Class G boost converter supports adjustable
arbitrary boost voltages. The boost converter is
automatically active only when a higher audio
output power is required and (for HT878) will track
the signal to provide an adaptive voltage supply to
the amplifier, which will significantly improve the
efficiency and extends the playing time in battery
supply applications.

HT878 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 HT878 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.

HT878 has a filter-less modulation circuit
which can directly drive speakers. HT878 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.

Part No. Boost Available Max
Converter Boost Voltage

HT878MTEX Class H Fixed 3 levels

HT878TMTEX | Class G Arbitrary levels
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B TYPICAL APPLICATION

1 510K  Peak Current Limit
Vear ILIM
23 3.3nF
l________IEAOUT—{
[ | BST = L, Max POUT = 7.5V
BST |4 BST=Floating, Max POUT =8V
I BST =H, Max POUT = 8.5V
I 11
I ABD 4 ABD =L,ClassD
swo | ABD = H, Class AB
| I MUTE 12 MUTE =L, Normal Operation
| | MUTE = H, Muted
| | LM 13 LiM=L, Limiter Off
[—<— LIM = Floating or connect resistor
pPouT I | to GND, THD+N<1%
I 14 GAIN =L, 21dB
I GAIN | —-— GAIN = Floating, 30dB
HT878 I GAIN =H, 25.5dB
PVDDL | I ENA 2 1 ENA = H, Audio Amplifier enabled
| 0-GND ™ ENA - L. Audio Amplifier disabled
PVDDR I
I ENB 2% ENB = H, Boost Converter enabled
I I ENB = L, Boost Converter disabled
I I 20 SPEAKER
INL+ | I OUTL+ |
18
INL- | : OUTL- |
| I 15 SPEAKER
INR+ | |OUTR+ |
INR- e OUTR- | 17
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1 510K  Peak Current Limit
Vear ILIM
2 3.3nF
l_______-IEAOUTg{
[ I 23 — POUT
FB P
| | J\/\/\/Rd_{ ‘ | Pout=124*Rd+Rp)/Rd
I 11 ABD =L, Class D
sw | | ABD [~ ABD_H, Class AB
I 12 MUTE =L, Normal Operati
=L, peration
| | MUTE MUTE = H, Muted
| | LM 13 LiM=L, Limiter Off
[——— LIM = Floating or connect resistor
PouT | I to GND, THD+N<1%
I 14 GAIN=L,21dB
I GAIN | —-— GAIN =Floating, 30dB
HT878T I GAIN =H, 25.5dB
PVDDL
I I ENA 2L ENA = H, Audio Amplifier enabled
| 0-GND | ENA = L, Audio Amplifier disabled
PVDDR
I ENB 22 ENB = H, Boost Converter enabled
I I ENB =L, Boost Converter disabled
I I 20 SPEAKER
INL+ I I OUTL+ |
N | : outL- |18
N\~ I SPEAKER
Cn | 10 INR+ I OUTR+ | 1>
i I
T 1uF |
0 Cn 9 17
20KO 10F H INR- e OUTR- |
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B TERMINAL CONFIGURATION

v g 122 pour v = [ ] N 124 pour
2
ast 2 r““““". 123 enout -l e 123
3 i ! ! i
sw = ! ! (22 ene aw ! ! 122 ene
4 | ! 4 f !
= e wd | e
' I P I '
sw ! I o sw I 1 120 o
1 1
6 i I 19 !
VBAT =i ! 0-GND ! [— PvDDL VBAT 8 ! 0-GND : L2 evoo
H !
7 [} 18 ! [}
N+ i ! — our A ! ! 118 o
\ 1
3 I 17 | !
e — = our e & ! H TYa.
| ! | 1
INR- 1 : : ﬁ) PVDDR INR 2] : : l’ PVDDR
1 1
1 1
[}
INR+ 11 : : LS OUTR: INR: 1— : : LS OUTR+
1
11 e 14 11 e 14
ABD == = GAIN ABD =i [ GAIN
12] 13 12 13
MUTE = — v MUTE == — um

HT878 Top View

B TERMINAL FUNCTION

HT878T Top View

Terminal No. _
878 | QT8 78T NAME I/0’ Description

0 0 GND GND | Power ground.

1 1 ILIM | Adjustable switch peall< cqrrent limit. An external resistor should be
connected between this pin and GND.

2 - BST I Max boost converter voltage (Veour) set. 3 Veour levels available.

- 2 EAOUT | Error amplifier output. Connect a 3.3nF capacity to GND typically.

3,4,5 3,45 SW I Boost and rectifying switch input.

6 6 VAT Power | Power supply for logic.

7 7 INL+ | Positive input (differential+) for audio amplifier of left channel

8 8 INL- | Negative input (differential-) for audio amplifier of left channel

9 9 INR- | Negative input (differential-) for audio amplifier of right channel

10 10 INR+ | Positive input (differential+) for audio amplifier of right channel

11 11 ABD | Audio amplifier modg selection. Clas_s _D is sele_cted when it is
pulled low; Class AB is selected when it is pulled high.

12 12 MUTE | m;{]rE control set. The audio amplifier is muted when it is pulled

13 13 LIM I Enable the Limiter Function and select limiter level

14 14 GAIN I System GAIN set. Three GAIN level for select

15 15 OUTR+ @) Positive output terminal (BTL+) for right channel

16 16 PVDDR O Power supply terminal for right channel

17 17 OUTR- O Negative output terminal (BTL-) for right channel

18 18 OUTL- 0 Negative output terminal (BTL-) for left channel

19 19 PVDDL P Power supply terminal for left channel

20 20 OUTL+ 0] Positive output terminal (BTL+) for left channel

21 21 ENA | Al_Jdio amplifier enabling terminal. Audio amplifier is enabled when
it is pulled high.

29 29 ENB | Boost. cpnverter .enabling terminal. Boost converter is enabled
when it is pulled high

23 - EAOUT I Error amplifier output. Connect a 3.3nF capacity to GND typically.

- 23 FB | Regulator Feedback Input

24 24 POUT | Boost Converter voltage detect pin.

' I:input

O: output
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B ORDERING INFORMATION

Part Number . Operating MOQ/Shipping
Package Type Marking Temperature Range Package
HT878MTET | TSSOP24Lpp |  1878MTE °C—g5° 38 PCS / Tube
HT878wmTE 3000PCS/
HT878MTER TSSOP24L-PP UVWXYZ -40°C~85°C Tape and Reel
HT878TwmTE
HT878TMTET TSSOP24L-PP UVWXYZ -40°C~85°C Tube 38 PCS
HT878TwmTE 3000PCS/
HT878TMTER TSSOP24L-PP UVWXYZ -40°C~85°C Tape and Reel
B ELECTRICAL CHARACTERISTIC?
® Absolute Maximum Ratings™
PARAMETER Symbol MIN MAX UNIT
Supply voltage range VBAT -0.3 55 \%
Input voltage range VIN -0.3 VBat \%
Output voltage range Vpout -0.3 9.0 \Y,
Operating temperature range Ta -40 85 C
Operating junction temperature range TJ -40 170 C
Storage temperature range TsTe -50 170 C

® Recommended Operating Conditions

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
VBAT supply voltage range VBAT 2.8 3.7 5.5 \Y,
Output voltage range Vpout Vat-0.2 8.5 \Y,
High-level input voltage VIH 1.5 VBaT \Y,
Low-level input voltage Vi 0.7 V
Operating temperature Ta -40 25 85 C
Load impedance RL BTL 4 Q

1 UVWXYZ is production track code
2 Depending on parts and PCB layout, characteristics may be changed.
3 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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® Electrical Characteristics

Condition: Ta=25°C, Vsar = 3.7V, fin = 1 kHz, Vpout = 8V (BST Floating), Gain = 25.5dB (GAIN=H), Cin = 1uF, Limiter Function
disabled (LIM=GND), Ceaout=3.3nF, Load = 40hm + 22uH, unless otherwise specified.

Main Characteristics

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
VBAT supply voltage range VBaT Boost + Amp work 2.8 3.6 55 \%
VB_TH1 Amplifier Output Vrus 1.6
Boost on threshold voltage Amplifier Output Vrms, HT878 \
VB_TH2 2.7
only
) tsoost_on, Boost only 5
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 Inpgt impedance Rin GAIN=H 24 KQ
(per input pin)
GAIN Floating 15.4
Boost Converter
PARAMETER Symbol CONDITION MIN TYP MAX UNIT
Max Boost converter BST=L 75
output voltage range Vpeout BST Floating 8 Y
(HT878) BST =H 8.5
Class H Mid Boost converter
output voltage range VPouT_H HT878 5.5 \%
Reference voltage at the FB
pin (HT878T) Vrer 1.24 Vv
Boost off delay time tBoosT_oFF 160 ms
lIiBraﬁst converter input current IL RILIM=510k 75 A
Reference voltage at ILm pin Vium 1.24 Vv

Boost converter frequency feoosT fclass-D kHz
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Boost Converter + Class D (BTL)

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
BST=L 2x5.5
_ THD+N=1%
BST=NC Vear = 4.2V 2x6.0
BST=H Load = 4o0hm 2%6.5
HT878T, + 22uH 2%7.0
Output power Po Vpout=8.5V : W
BST=L THD+N=10% 2x6.5
BST=NC Veat = 4.2V 2x7 .4
Load = 4o0hm
HT878T,
Vprour=8.5V + 22uH 2x8.5
i i i Po=0.25W = 0.04
Total .harmonlc distortion THD+N o RL 4_Q+22uH, %
plus noise Po=1.0W f=1kHz 0.04
Differential input floating,
Noise output voltage VN f=20Hz~20kHz, A-weighted, 60 MVrms
Av=25.5dB
. . . 1W, f=20Hz~20kHz,
Signal to noise ratiao SNR A-weighted, Av=21dB 83.5 dB
VBaT = 3.7V, RL=4Q+22uH, 80
Po = 2x0.5W
VBar = 3.7V, RL=4Q+22uH, 75
Po = 2x1W
BSTEL | Vear=4.2v, 75
BST Floating | RL=4Q+22uH, 77
Efficiency (Class D + Boost) n BST=H Po = 2x4.0W 76.5 %
BST=L, Veatr=4.2V, 78
RL=4Q+22uH, Po = 2x5.0W
BST Floating, Veat= 4.2V, 77.8
RL=4Q+22uH, Po = 2x6.0W ’
HT878T, Veour=8.5V,
VeaT = 4.2V, Ri=4Q+22uH, 73
Po = 2x7.0W
. . Input Grounded, With or
Operating quiescent current IBAT without load 7 mA
. Input Grounded, With or
Shutdown quiescent current Isb without load 1 MA
Class D switching frequency fclass-D 430 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 +220H 2+0.92
Output power Po — - W
Vear=42V | THD+N=10% 271.98
Vear = 3.7V | Load =4ohm 2*1.47
Vear = 3.3V +220H 2*1.16
. . . Veat=4.2V,
Total .harmonlc distortion THD+N Po=1W f=1KHz. 0.11 %
plus noise RL=4Q+22uH
Differential input floating,
Noise output voltage VN f=20Hz~20kHz, A-weighted, 60 MVims
Av=25.5dB
- Vear = 3.7V, RL=4Q+22uH, o
Efficiency n Po = 2x1W 63 %o
. . Input Grounded, With or
Operating quiescent current IsaT without load 15 mA
Shutdown quiescent current Isp Input Grounded, With or 1 pA

without load
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Other Characteristics

PARAMETER | symbol | CONDITION | miNn [ TYP | mAX | UNIT
Automatic Gain Control (AGC)
AGC gain range Avacc 30 dB
AGC gain step STPacc 120 /
AGC attack time ta_acc 10 ms/dB
AGC release time tr_AGC 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 OTPhys 30 C
Over tempgrature protection OTPR 140 °C
recovery point
Thermal foldback trig point TFB 130 °C
TFB attack time ta_TFB 640 ms/dB
TFB release time tr_TFB 1280 ms/dB
Input/output

Internal pulldown resistor of R 300 KO
ENA, ENB, ABD, MUTE DOWN
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
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B TYPICAL OPERATING CHARACTERISTICS

Condition: Veat = 4.2V, fin = 1kHz, Gain = 25.5dB, Cin = 1uF, unless otherwise specified.
Limiter

Characteristics below are measured in Class D mode.

Condition: Vear = 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
fin = 1kHz fIN = 1kHz
500 Nfga=42v 5.00 (WBAT =42V oo
—_— e N—————
g Class D S Class D S~ A~N— e ——
- ,WW—— - -
S 400 BST— GND . £ 400 BST— Floating
Gain = 25.5dB Gain = 25.5dB
—LIM=NC ——LIM=NC
0 — LIM=680k to GND 0 ——1IM=680k to GND
LIM=470k to GND LIM=470k to GND
200 LIM = GND 200 L LIM = GND
0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
Vin (V) Vin (V)
Vin Vs Vour
6.00
Load = 4Q
fIN = 1kHz e
500 VBAT=42¥— =
A~ N
s ClasiD
S 400 iST_ H
Gain = 25.5dB
—LIM=NC
3.00 — | |M=680k to GND
LIM=470k to GND
LIM = GND
2.00
0.2 0.3 0.4 0.5

Vin (V)
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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 = 100ohm

+ 47nF, unless otherwise specified.
The following specifications are measured from HT878; however, they also accord with HT878T with slight variations.

10.00

Vear VS lgar

| t G ded
0.00 (;:;JS Droun e //
8.00 /
7.00 -
E 6w —VBAT
z 0 — IMUTE
= 400
3.00
2.00
1.00
0.00
25 3.5 4.5 5.5
Vaar (V)
Po vs THD+N
100.00
1kHz input, RL=40
Class D, VBAT:4'2V
10.00 — — fL
LIM=GND, GAIN = 25.5dB
z
E 1.00 BST=GND
——BST=NC ] }
BST=H
010 |
0.01
0.01 0.1 1 10
Po (W)
Vgat VS PO
10.00
1kHz input ——THD+N=1%
9.00 |-RL=40Q e TR N =108
BST = GND
g 8.00
=]
£ 7.00
6.00 /_//
5.00
4.00
25 3.5 45 5.5

Vaar (V)

Gain (dB)

THD+N (%)

Po (W)

fin vs Gain
40.000
Load = 4ohm
VBAT = 3.7V
Po =1W
30.000
—
20.000 =
GAIN=TL
—GAIN=H
——GAIN Floating
10.000
20 200 2000 20000
fv(Hz)
fn Vs THD+N
100.000
Load = 40hm
Gain = 25.5dB
10.000 | Vgar=-3.7V
1.000 Po = 1W
—Po = 0.25W
0.100 \ /A
¥_ W
0.010
20 200 2000 20000
fiv(Hz)
Vgat VS PO
10.00 -
1kHz input ——THD+N=1%
9.00 RL=4Q ——THD+N=10%
BST Floating
" /S
6.00 ——
5.00
4.00
2.5 3.5 4.5 5.5

Vear (V)
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Vgat VS PO Povsn
10.00 T 100.00
1kHz input
900 —RL=40 ——THD+N=1% 90.00
BST=H 80.00
8.00 _
£ 700 = 6000 VBAT=3.7V
_— 00 | 1kHzinput, RL=40Q =3
6.00 Class D, Po=PolL+PoR  VBAT=42V
. 40.00 BST = GND
) 30.00
4.00 20.00
25 3.5 4.5 5.5 2 4 6 8 10 12 14 16 18
Vaar (V) Po (W)
Povsn Povsn
100.00 100.00
90.00 90.00
80.00 80.00
;\? 70.00 ;\? 70.00
= 60.00 = 60.00
50.00 1kHz input, RL=4Q T VRATE3IY 50.00 1kHz input, RL=4Q T VBAT=3IV
0.0 Class D, Po=PoL+PoR ——VBAT=42V 10.00 Class D, Po=PoL+PoR ——\/BAT=42V
’ BST Floating ’ BST=H
30.00 30.00
20.00 20.00
0 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

Po(W)

Po(W)
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Class AB Only (BTL)
Condition: Veat = 4.2V, fin = 1kHz, Gain = 25dB, Cin = 1uF, Battery tracking disabled (Point off), Output = Load = 40hm + 22uH,
unless otherwise specified.

Vear VS lgar

20.00
18.00

Input Grounded

Class AB _

16.00

P —————

14.00
12.00

—IVBAT

10.00
8.00

Igar (mA)

—IMUTE

6.00

4.00
2.00

0.00

2.5

100.00

35 4.5 5.5

Vaar (V)

Povsn

90.00

1kHz input, RL=4Q

80.00

Class AB, Po=PoL+PoR

70.00

_—

n (%)

60.00
50.00

40.00

—VBAT=4.2V

30.00

—VBAT=3.7V

20.00

-VBAT=3.3V

10.00

100.00

Po (W)

Po vs THD+N

10.00

Class AB

Load = 4ohm
/

1.00

£ = 1lkH
N —1RKOZ

/

THD+N (%)

i

0.10

0.01

——VBAT = 36V

0.01

0.1 1
Po (W)

10

Po(W)

THD+N (%)

Gain (dB)

Vgar Vs PO
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B APPLICATION INFORMATION
1. Glossary

The application section may use the following terms.
AGC: Automatic gain control function, including Limiter function and Battery Tracking function.
Limiter: When Limiter function is active, the output music can be limited below the Limiter Level.

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

Thermal Foldback: TFB for short. When this function is active, HT878(T) 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 reducing system gain.
Attack Time: ta for short. The rate of AGC or TFB gain decrease. The default value for AGC Attack Time is
10ms /dB, and the default value of TFB Attack Time is 640ms/dB.

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

Class G Adaptive Boost: Only when the output audio signal exceeds a preset voltage threshold (Boost on
Threshold Voltage Ve_tH1), 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 the battery life.

Class H Adaptive Boost: The boost converter is automatically active and will track the signal to provide an
adaptive voltage supply to the amplifier. Basically, there are 3 levels of boost voltages to adapt the output
power: Vaar, Mid boost voltage (Veout_H), and Max boost voltage (Veour)

Boost on Threshold Voltage: Vs_tn for short. The output audio signal voltage threshold for enabling boost
converter. Vs_tH1 is the threshold voltage for Class G boost and the 1st threshold voltage for Class H boost.
VB_TH2 is the 2nd threshold voltage for Class H boost.

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 (Vuwm_v). If the output
audio signal exceeds the Limiter Level, HT87(T) decreases amplifier gain by the rate of attack time (default
value 10ms/dB), 0.25dB per step. HT878(T) increases the gain by the rate release time (default value
160ms/dB), 0.25 per step, once the output audio is below the limiter level. Fig. 1 Limiter Function shows this
relationship.
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Fig. 1 Limiter Function

The Limiter Level can be modified through LIM terminal. If the LIM terminal is directly grounded, AGC
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.
Typical configurations are shown in the following table.

Table. 1 Typical Limiter Level Configuration

LIM Terminal Amplifier Output Voltage (Vrws)
BST = GND | BST Floating BST=H
Floating 4.45 4.66 4.85
Grounded with 680kohm resistor 4.73 5.00 5.13
Grounded with 510kohm resistor 4.77 5.09 5.3
Grounded with 470kohm resistor 4.85 5.15 5.36
Short to GND Limiter Disabled

* The configurations are typically measured in applications with 4ohm load.

2.2. Adaptive Boost Converter

The HT878(T) consists of an adaptive boost converter and an audio amplifier. The boost converter takes the
supply voltage, Vear, and increases it to a higher output voltage, Vrourt. Veour drives the supply voltage of
the audio amplifier, PVDD. This improves loudness over non-boosted solutions. An external inductor and

diode should be added for the boost converter.

Respectively, HT878 integrates a Class H boost converter and HT878T integrates a Class G boost

converter.

2.2.1 Class G boost converter for HT878T

The boost output voltage Vrour is set by a resistive voltage divider from the output voltage Veour to FB
terminal, which is shown below. The output voltage can be calculated by Veout = 1.24*(Rp+Rd)/Rd.




-‘- RilmXEREXERAS HT878/HT878T
U " Stereo Audio Amplifier with Class H Boost Converter

Rp Rd
POUT FB

Fig. 2 FB Terminal Configuration

Some typical output voltages can be set by following settings.
Table 2. Output Voltage Setting for HT878T

Vpout Rp(ohm) Rd(ohm)
~6.0V 120k 31k
~6.8V 120k 27k
~7.5V 120k 24 .9k
~8.0V 120k 23.2k

The Class G boost converter is adaptive and supporting 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 Ve_tH1), the boost converter is enabled, and the voltage at Vrour is
the preset voltage. When the audio output voltage is lower than the threshold voltage, the boost deactivates
automatically. The Boost on Threshold Voltage Vs_tH is fixed as1.6V.

12

Vear=36V - VPOQUT
10 | Gain=25dB = Vour+ ~Vour-
AGC = Float
8| Re=8Q+33pH
6 _
= —— >
| 1F
‘% 4 o o
S 2 i
[}
0
-2
|
-4
-6
0.0 0.5 1.0 1.5 2.0
t-Time -s

Fig. 3 Adaptive Boost Converter with Typical Music Playback

Fig. 3 shows how the adaptive boost modulates with a typical audio signal. By automatically deactivating the
boost converter and passing Vsar to Veout, the HT878T efficiency is improved at low output power and
extend the battery life.

2.2.2 Class H boost converter for HT878

The Class H boost converter is adaptive and adjusted to a value just above what is needed. In short terms, a
middle boost voltage (Vrout_H) is added between Vear and Vrour, 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.
The maximum boost voltage (Veout) can be set by the BST terminal, details are as follows.
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Table 3. Output Voltage Setting for HT878
BST Terminal Veout
Logic Low 7.5V
Floating 8.0V
Logic High 8.5V

A
Class-G

/_/—\_\_ —— Class-H

Vspx

Time

2.2.3 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 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 HT878(T) 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 =4.7uH, DCR < 0.50hm 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 (Isat) of the inductor is different, recommendations are as follows.

Table 4. the Recommendations of Isar and Diode for Different Applications

Output Power (W) Isat (A) Diode
2X4 =3.5 SS52
2X5 =45 SS52
2X6 =55 SS52//SS52
2X7 =6.5 SS52//1SS852

2X8.5 =7.5 SS52//1SS52

(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 POUT pin as possible with direct and wide traces. For
different applications of output power, the recommendations of the diode are listed in Table 4.

(4) Layout Considerations
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The power traces, consisting of the GND, SW, Vsar, POUT 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 Cin and Cour near Vear and Diode as closely as possible to maintain voltage steady and filter out the
pulsing current.

The GND of the HT878(T), Cin and Court should be connected close together directly to ground plane.
2.3. Thermal Foldback

The HT878(T) Thermal Foldback, TFB, is designed to protect the HT878(T) 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 HT878(T) 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 HT878(T)

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 Release Time

Die Temperature
_ - ~ ~ _
/ \ /
L \ I

Thermal Foldback Trip Point 0 ~ s

-~ — —

Output Singal

Fig. 4 Thermal Foldback Operation
2.4. Audio Amplifier Input Configuration

HT878(T) is 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 (Cin) and external input
resistors Rin. The input signal gain is calculated by Gain ~12dB + R, /(External R, +Internal R ). And the

f = y
high pass cut-off frequency of input signal can be calculated by 2n(External Ry + External Ry )x Gy
For a single-ended operation, input signals to IN+ pin via a DC-cut capacitor (Cin) and external input resistor
(Rin). IN- pin should be connected to ground via a DC-cut capacitor and external input resistor (Rin) (with the
same value of Cin and Rin). 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. 5.
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Fig. 5 (1) Differential Input;; (2) Single-ended Input

Table. 5 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

As mentioned before, HT878(T) can directly drive speakers without any other components. But there are
exceptions. Once HT878(T) works in Class D mode, the cable lined to the speaker is very long, and EMI is
concerned, ferrite beads or L-C filter is needed.

2.6. Protection Function

HT878(T) has the protection functions such as Over-Current Protection function, Thermal Protection
function, and Low Voltage Malfunction Prevention function.

(1) Over-current Protection function

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

(2) Thermal Protection function

When excessive high temperature of HT878(T) (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 Vgar terminal voltage becomes lower
than the detection voltage (VuvLL) for the low voltage malfunction prevention. And the protection mode is
canceled when Vear terminal voltage becomes higher than the threshold voltage (VuvLn). In the low voltage
protection mode, the differential output pin becomes Weak Low state (a state grounded through high
impedance). HT878 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, HT868(T) can enter into different modes, shown as
follows.

Table. 6 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
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Note that an internal 300kohm pulldown resistor is connected to ENA, ENB respectively.

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 (lum). The peak switch
current limit can be set by a resistor (Ri.iv) at the ILIM pin to ground. A resistor of 510k is recommended.

3.3. ABD Terminal Mode Control (ABD pin)
When ABD terminal is pulled logic high, HT878(T) works in Class D mode.
When ABD terminal is pulled logic low, HT878(T) works in Class AB mode.

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, HT878(T) 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, HT878(T) returns to the normal working state.

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.

Table. 7 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 HT878(T) 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 3.3nF 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 POUT closely with wide
routing.
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5. PCB Layout
5.1. HT878
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5.2.
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B PACKAGE OUTLINE
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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°




