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HT6881
Audio Amplifier

4.7W Anti-Clipping Mono Audio Power Amplifier

B FEATURE

« Anti-Clipping Function, ACF
 Both Class D and Class AB are available
- Excellent EMI Suppression Performance
* Filter-less Modulation, Eliminating Output Filter
* Output Power
1.4W (Vpp=3.6V, R =4Q, THD+N=10%, Class D)
2.8W (Vpp=5.0V, R =4Q, THD+N=10%, Class D)
4.7W (Vop=6.5V, R =4Q, THD+N=10%, Class D)
2.5W (Vpp=5.0V, R.=4Q, THD+N=10%, Class AB)
* High SNR: 95dB (Vpp = 6.5V, Av = 24dB, THD+N
= 1%)
- Low quiescent current (Class D)
2.65mA (Vpp=3.6V)
3.25mA (Vpp=5.0V)
4.00mA (Vpp=6.5V)
* Low shutdown current: <1pA
= Over Current Protection and Thermal Protection
with Auto Recovery
- Low voltage malfunction prevention function
included
- Pb-Free Packages, DFN8L, MSOP8L, SOPS8L
and SOP8L-PP
B APPLICATIONS
- Portable Speakers - Smart Speakers
- GPS
* PMP/MP4/MP5

- Smart phones

= iphone/ipod/MP3 docking
- Tablet PC/Note Book
- Portable Gamers

B TYPICAL APPLICATION

Coo L Co 1= |
loouF ] 1wF [

B GENERAL DESCRIPTION

HT6881 is a Low-EMI, Anti-Clipping, filter-less
mono Class D audio power amplifier IC with
maximum output power of 4.7W (6.5V power
supply, 4Q load, 10% THD+N). It has a high
efficiency with class AB amplifier performance.
HT6881 features Anti-Clipping Function (ACF)
which detects and suppresses output signal
clippings due to the over level inputs of music or
voice signals. The ACF function also can adapt the
output clippings caused by power supply voltage
down in battery applications. It improves acoustical
quality considerably, gives great listening
enjoyment, and prevents speaker from overload
damaging.

HT6881 has excellent EMI radiation suppression
characteristics. The radiation level is well below
FCC Partl5 Class B standards without any additive
design. It keeps from interference with other EMI
sensitive circuits, simplifies system design and
lowers system cost.

Class AB amplifier mode is also available for
HT6881. Once the EMI Interference from class D
becomes an annoying problem, HT6881 can be
changed into Class AB mode.

HT6881 has a filter-less modulation circuit which
directly drives speakers while realizes low
distortion and low noise characteristics. Thanks to
filter-less, circuit design with fewer external parts
can be made in portable applications.

HT6881 has the independent Shutdown function
which can minimize the power consumption at
standby function. 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.
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B TERMINAL CONFIGURATION

o \_/

8

CTRL === — OUT-

BYPASS Thermal

3 Pad 6

IN- o = \/DD
4 5

N+ c— = OUT+

Top View

HT6881D2SPE (SOPS8L-PP)

o u 8
CTRL "= p— OUT-
7
BYPASS === = GND
3 6
IN- == = VDD
4 5
N+ o = OUT+

Top View
HT6881D2SPN (SOPS8L)

o u 8 1 o U 8
CTRL== f— OUT- GND == = \/DD
2 L 2 -
BYPASS GND ouT- Thermal ouT+
3 6 3 Pad 6
IN- = = \/DD CTRL == — BYPASS
4 5 4 5
N+ o= — OUT+ N+ == — IN-
Top View Top View
HT6881D2MSN(MSOPS8L) HT6881D2SDE (DFN8L)
B TERMINAL FUNCTION
Terminal No. ESD
*1 1
DFNSL SOP8L(-PP) Name I/O composition Function
MSOPS8L
3 1 CTRL I PN Mode control terminal
6 2 BYPASS A PN Analog reference terminal
5 3 IN- A PN Negative input terminal (differential -)
4 4 IN+ A PN Positive input terminal (differential +)
7 5 ouUT+ 0 - Positive output terminal (differential +)
8 6 VDD Power - Power supply
1 7 GND GND - GND
2 8 OUT- ©) - Negative output terminal (differential -)
Thermal Pad / / / Connecting to GND plane

*1 I: Input terminal

O: Output terminal

A: Analog terminal
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B ORDERING INFORMATION

Part Number Package Type Marking Tempe%t)lfrr:tli?nagnge Shipping Package/MOQ
HT6881D2SPET SOPS8L-PP HT6881sp -40°C~85C Tube/100PCS
HT6881D2SPER SOPS8L-PP HT6881sp -40°C~85C Tape and Reel/2500PCS
HT6881D2SPNT SOP8L HT6881Lsp -40°C~85C Tube/100PCS
HT6881D2SPNR SOP8L HT6881Lsp -40°C~85C Tape and Reel/2500PCS
HT6881D2MSNT MSOPSL HT6881 -40°C~85C Tube/100PCS
HT6881D2MSNR MSOPSL HT6881 -40°C~85C Tape and Reel/5000PCS
HT6881D2SDER DFN8L-PP HT6881sp -40°C~85C Tape and Reel/3000PCS
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B ELECTRICAL CHARACTERISTIC

® Absolute Maximum Ratings ™

Item Symbol Min. Max. Unit
Power supply terminal voltage range (Class D) Vop -0.3 7.0 \%
Power supply terminal voltage range (Class AB, HT6881) Vob -0.3 6.0 \
Power supply terminal voltage range (Class AB, HT6881L) Vob -0.3 5.5 \
Input terminal voltage range (IN+, IN-) VIN Vss—0.6 Vop+0.6 \Y
Input terminal voltage range (except IN+, IN-) VIN Vss—0.3 Vopo+0.3 \
Operating Ambient Temperature TA -40 85 °C
Junction Temperature Ts -40 150 °C
Storage Temperature Tstc -50 150 °C

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

® Recommended Operating Condition

ltem Symbol Conditions Min. Typ. Max. Unit

Class D 25 5 6.5 \%
Power Supply Voltage " Vbb Class AB, HT6881 25 5 55 \Y
Class AB, HT6881L 25 5 5.0 \Y,

. . tsp (Min.) = 50ms -20
Operating Ambient Temperature Ta - 25 85 °C

tsp (Min.) = 80ms -30
Class D 2" 4 Q

Speaker Impendence R

Class AB 4 4 Q

*3 The rising time of VDD should be longer than 1ps.
*4 1t is recommended to operate at 3.6~5V power supply when HT6881 is driving a 2ohm speaker as load.

® DC Characteristics
Vss=0V, Vbp=2.5V~6.5V, Ta= -40°C~85°C, unless otherwise specified.

Item Symbol Conditions Min. Typ. Max. Unit

VDD power supply start-up threshold voltage VuvLH 2.10 \%
VDD power supply shut-down threshold VWL 1.90 v
voltage
ACF-OF_F (Class D) mode threshold voltage VMobL 23 Voo Vv
for terminal CTRL
ACF-ON (Class D) mode threshold voltage
for terminal CTRL Vo2 1.6 22 v
ACF-OFF (Class AB) mode threshold
voltage for terminal CTRL Vmops 0.4 1 13
SD mode threshold voltage for terminal Vo4 Vss 0.25 Vv
CTRL

Class D, VDD=3.6V, 265

No load
Class D, VDD=5.0V, 3.25
No load
Quiescent current oo | Class R'O\I/(?a%:&w’ 4.00 mA
Class AB,
VDD=3.6V, No load 6.40
Class AB,

VDD=5.0V, No load 7.90
Consumption current in shutdown mode Isb CTRL=Vss, Ta=25°C 0.01 1 MA
Voltage of terminal BYPASS V/BYPASS Vob/2 \%

*5 The voltage of CTRL terminal must be higher than 0.7V while HT6881 wakes up from shutdown mode or power off mode.
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® Analog Characteristics ™

Vss=0V, Vob =5V, Av=24.5dB, Ta=25°C, Cin=1uF, Rin=5.1kQ, ACF-Off (Class D) mode, unless otherwise specified.

ltem Symbol Conditions Min. Typ. Max. Unit
RL=4Q, Vopo=3.6V 1.10
RL=4Q, Vop=5.0V f=1kHz, 2.30
R.=80Q, Voo=3.6V | THD+N=1% 0.70
Output Power Po RL=8Q, Vbp=5.0V 1.40 W
RL=4Q, Vop=3.6V 1.40
RL=4Q, Vop=5.0V f=1kHz, 2.80
RL=8Q, Vop=3.6V | THD+N=10% 0.85
RL=8Q, Vbp=5.0V 1.70
;ﬁjf'@?;g’?g\'/‘\’k[)z'zﬂg‘)’” THD+N Ri=4Q, Po=1W, f=1kHz 0.08 %
Output Noise VN f=20Hz~20kHz, ASIAY, Av=24.5dB 85 MVrms
Signal /Noise Ratio SNR A-Filter, Av=24.5dB, THD+N = 1% 91 dB
Power Supply  Rejection | pspp f=1kHz 70 dB
. RL=4Q+22uH, THD+N = 1% 80 %
Efficiency n
RL=8Q+33uH, THD+N = 1% 90 %
Output Offset Voltage Vos 6 mV
System Gain Avo Rin=5.1 kQ 24.5 dB
gA,gE maximum atienuation | -, ACF-ON (Class D) 10 o | dB
Vss=0V, Vob =6.5V, Av=24.5dB, Ta=25°C, Cin=1.0uF, Rin=5.1 kQ, ACF-Off (Class D) mode, unless otherwise specified.
ltem Symbol Conditions Min. Typ. Max. Unit
RL=4Q f=1kHz, 3.80
Output Power Po R=80 THDAN=1% 2.40 w
RL=4Q f=1kHz, 4.70
RL.=8Q THD+N=10% 2.90
g&tg'N'l?s”e“‘()g\'Xsz'gfﬂc)’” THD+N RL=4Q, Po=1W, f=1kHz 0.10 %
Output Noise VN f=20Hz~20kHz, AJIAY, Av=24.5dB 83 MVrms
Signal /Noise Ratio SNR ABNFL, Av=24.5dB,THD+N = 1% 95 dB
;‘:i"(‘)’er Supply Rejection | pgpp f=1kHz -70 dB
. RL=4Q+22uH, THD+N = 1% 81 %
Efficiency n
R.=8Q+33uH, THD+N = 1% 91 %
Output Offset Voltage Vos +7.5 mV
System Gain Avo Rin=5.1 kQ 24.5 dB
gAEgE maximum attenuation | - 5, ACF-ON (Class D) 110 0 dB
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Vss=0V, Vop =5.0V, Av=24dB, Ta=25°C, Cin=1.0uF, Rin=5.1 kQ, ACF-Off (Class AB) mode, unless otherwise specified.

Iltem Symbol Conditions Min. Typ. Max. Unit
RL=4Q f=1kHz, 1.95
RL=80Q THD+N=1% 1.20
Output Power Po = w
RL=4Q f=1kHz, 2.50
RL=80Q THD+N=10% 1.60

Total Harmonic Distortion

= = = 0,
plus Noise (BW: 20kHz) THD+N RL=4Q, Po=1W, f=1kHz 0.06 %
Output Noise Vn f=20Hz~20kHz, AJI#L, Av=24.5dB 110 UVims
Signal /Noise Ratio SNR AL, Av=24.5dB, THD+N = 1% 90 dB

. RL=4Q+22uH, THD+N = 1% 66 %
Efficiency n

RL=80+33uH, THD+N = 1% 69 %

Output Offset Voltage Vos 6 mV

System Gain Avo Rin=5.1 kQ 24 dB

*6 All the values of analog characteristics were obtained by using our evaluation circumstance; Depending upon parts and
pattern layout to use, characteristics may be changed.

® AC Characteristics

Vss=0V, Vpp =2.5 to 6.5V, Ta=—30°C~85°C_unless otherwise specified.

Item Symbol Conditions Min. Typ. Max. Unit
Start-up time (or wake up from shutdown tsTUP 100 ms
mode, or switch between Class AB and D)
ACF Attack time taT1 Vop=3.6V, g=10dB 72 ms
ACF Release time trRLL Vop=3.6V, g=10dB 720 ms
Each mode setting time (Except shutdown
nor switch between Class AB and D) tmoo 0.1 ms
Carrier clock frequency fewm 488 KHz
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B TYPICAL OPERATING CHARACTERISTICS

Class D mode
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B APPLICATION INFORMATION

® Analog Signal Input Configuration

HT6881 is an amplifier with analog input (single-ended or differential), PWM pulse output (BTL only), and
maximum output of 4.7W (RL=4Q) x 1ch when working in Class D mode. It can also operate in Class AB mode
with analog input (single-ended or differential), analog output (BTL Only), and maximum output of 2.5W (RL=4Q)
x 1ch.

For a differential input between IN+ and IN- pins, signals input via DC-cut capacitors (CIN). The input signal gain
is calculated by

Av =200k / (7.2k + Rin); Gain = 20 x log Av.

The real gain of Class AB will be one dB lower than the calculation result. And, the low pass cut-off frequency
of input signal, can be calculated by

fc=1/[2m (7.2k + Rin) Cin].

For a single-ended input at IN+ pin, signal input via a DC-cut capacitor (CIN). IN- pin should be connected to
ground via a DC-cut capacitor (with the same value of Cin). The Gain and low pass Cut-off frequency are the
same as the above case.

Front Circuit HT6881 Front Circuit HT6881
ZOUT CIN RIN CIN RIN
— WA IN+ A IN+
e — FAVWA—1 IN- A IN-
_ 0.1uF5.1kQ L_____ ~ 0.1uF51kQ L
Fig.1 (1) Differential Input; (2) Single-ended Input

® CTRL Terminal Mode Control

Four operating mode, ACF-OFF (Class D), ACF-ON (Class D), ACF-OFF (Class AB) and SD (shutdown), could
be implemented while different Setting Voltages input via CTRL terminal (see Table 1).

Table 1 Different Mode Setting Voltages of CTRL Terminal

ltem Symbol Min. Typ. Max. Unit
ACF-OFF (Class D) mode threshold voltage for
terminal CTRL Vo1 2.3 3.3 Vop \Y
ACF-ON (Class D) mode threshold voltage for
terminal CTRL Vo2 16 1.9 2.2 \Y
ACF-OFF (Class AB) mode threshold voltage for VMOD2 0.4 1 14 v

terminal CTRL

SD mode threshold voltage for terminal CTRL VmoD4 Vss 0 0.25 \%

Note that the voltage of CTRL terminal must be higher than 0.7V while HT6881 wakes up from shutdown mode
or power off mode. And there is a 300kohm resistor pull down to the ground in the chip.

MCU Control Setting

By connecting external resistors (Rctre, Retriz, Retruz accuracy of 1%) to CTRL terminal, and setting threshold
voltage of each mode to CTRL1 and CTRL2 terminal, different modes can be set. Connect the terminal to the
ground through a capacitor Ccrre (a ceramic capacitor of 0.1uF or more) to eliminate noise during mode setting.

1.8V55.0V HT6881 Table 2 Mode Setting
CTRL; Rcrrua
q CTRL1 CTRL2 Mode
MCU []CTRLz RCTRLZ _ | TRL H H ACF‘OFF (C|8.SS D)
L H L ACF-ON (Class D)
L RCTRL3 CCTRL L H ACF'Off (CIaSS AB)
1 IO.lpF 300k 0 L L Shutdown

Fig 2 CTRL terminal control circuit
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“H” indicates High level output voltage of microcomputer’s 1/O port that is input to CTRL1 and CTRL2 terminals
and “L” indicates Ground level of the microcomputer. GND level of the microcomputer must be the same as that
of HT6881. The control of CTRL terminal is based on 1/O port H level output voltage of microcomputer that is
connected.

® CTRL Mode Function Detalil
(1) ACF-ON (Class D) Mode

In ACF-ON (Class D) mode, HT6881 which operates in Class D, attenuates system gain to an appropriate value
when an excessive input is applied, so as not to cause the clipping at the differential signal output. In this way,
the output audio signal is controlled in order to obtain a maximum output level without distortion. And HT6881
also follows to the clips of the output waveform due to the decrease in the power-supply voltage.

(1) Excessive Inputs ACF ON

Total

o ; Peak +
AAVAVAVAVAVAVIAYY InltlaAIVGam Gain
0 Av=Avo+Aa Peak -
Attack Time Release Time
Excessive Clipping
Inputs Detection ACF OFF
W
Attenuation Peak -
Gain
-10dB<Aa<0
L ACF ON
(2) Appropriate inputs e T R
AVAVAVAVAVAV I AT ' 'i & Gain  |output ‘1 oD
Vo - A Decrease
Av=Av,+Aa -

Power Supply
Decreasing

Clipping
Detection

ACF
Attenuation
Gain
-10dB<Aa<0

Attack Time  Release Time

Fig 3 the ACF Function Operation Outline

The Attack time of ACF Function is a time interval until system gain falls to target attenuation gain -3dB when a
big enough signal inputs. And, the Release Time is a time from target attenuation gain to not working of ACF.
The maximum attenuation gain is 10dB.
Table 4 Attack time and Release time
ACF mode Attack time Release time
ACF 72ms 720ms

(2) ACF OFF Mode

In ACF-Off mode, ACF function is disenabled. HT6881 will not detect output clipping and the system gain is kept
being Av=Avo. The audio quality would worsen due to clipping distortion. And Class D or Class AB operating
mode can be chosen.

(3) SD Mode

In shutdown mode, HT6881 shuts all circuit down and minimizes the power consumption. And, the output
terminals become Weak Low (A high resistance grounded state).

® Pop-Click Noise Reduction

The Pop-Click Noise Reduction Function of HT6881 works in the cases of Power-on, Power-off, Shutdown on,
and Shutdown off. To achieve a more excellent noise reduction performance, it is recommended to use a DC-cut
capacitor (Cin) of 0.1pF or less.

Besides, POP noise can be minimal according to the following procedure of shutdown control.
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-During power-on, Shutdown mode is not cancelled until the power supply is stabilized enough.
-Before Power-off, set Shutdown mode fist.

® Protection Function

HT6881 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, VDD, 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 HT6881 (150°C) is detected, the thermal protection mode starts up. In the

thermal protection mode, the differential output terminal becomes Weak Low state (a state grounded through
high impedance).

(3) Low voltage Malfunction Prevention function

This is the function to establish the low voltage protection mode when VDD terminal voltage becomes lower than
the detection voltage (Vuv.) for the low voltage malfunction prevention. And the protection mode is canceled
when VDD terminal voltage becomes higher than the threshold voltage (Vuvih). In the low voltage protection
mode, the differential output pin becomes Weak Low state (a state grounded through high impedance). HT6881
will start up within the start-up time (Tstup) when the low voltage protection mode is cancelled
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B PACKAGE OUTLINE

® SOPS8L (HT6881D2SPN)

SOP8 PACKAGE OUTLINE DIMENSIONS

El
E

I\

2
. Dimensions In Millimeters Dimensions In Inches
i Min Max Min MNax

A 1. 350 1. 750 0. 053 0. 069
Al 0.100 0.250 0. 004 0.010
A2 1. 350 1. 550 0. 053 0. 061
b 0. 330 0.510 0.013 0.020
c 0.170 0. 250 0. 006 0.010
D 4. 700 5.100 0.185 0. 200
E 3. 800 4. 000 0.150 0.157
E1 5. 800 6. 200 0.228 0.244
e 1.270 (BSC) 0. 050 (BSC)
L 0. 400 1.270 0.016 0. 050
0 0° 8° 0° 8°
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® SOP8L-PP (HT6881D2SPE)

E
h::gzézzq 11
I
| M=
aj I
[ I [ 1

SOP8-PP(EXP PAD) PACKAGE OUTLINE DIMENSIONS

Al

A2

=5 Dimensions In Millimeters Dimensions In Inches

; Min Max Min Max
A 1.350 1. 750 0. 053 0. 069
Al 0. 050 0.150 0. 002 0.006
A2 1. 350 1. 550 0. 053 0. 061
b 0. 330 0.510 0.013 0. 020
c 0.170 0.250 0.007 0.010
D 4. 700 5.100 0.185 0.200
D1 3. 202 3. 402 0.126 0.134
E 3. 800 4. 000 0. 150 0.157
E1 5. 800 6. 200 0.228 0.244
E2 2.313 2.513 0. 091 0. 099
e 1. 270 (BSC) 0. 050 (BSC)
& 0. 400 1.270 0.016 0. 050
0 0° 8° 0° 8°
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® DFNSL (HT6881D2SDE)
TOP VIEW SIDE VIEW BOTTOM VIEW
R TR 15 1L
D [
f
JU UTU U
| i |
| |
- 01 -
—________—E I |
E1 —-V *
| | ‘ : '
_Ph | k | r
@/ Laiar Harkl
| P 0
T/ ‘ — h|-— ‘ 7 1
SIDE VIEW
R
f
}i;j R B RN
PFUBE )/ mm
FAF BoME | A | BoAE
P 0.45 0.50 0.55
Al - 0.02 0.05
AL 0127 REF
k 0.19 0.20 0.232
D 1.90 .00 2.10
D1 1.65 1.7 1.75
E 1.90 2.00 2.10
E1 0,85 0.9 0,95
e 0.500 BSC
% 0.20 0.25 0.30
L 0.22 0.30 0.40
In 0.25 0.30 0.35
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e MSOPS8L (HT6881D2MSN)

a3t # \

CH:H:H:I:JT{\ c#:: 3\ j%_Jo.zs

Alf f 0 L ?

.
(i
. .__t_l_-

El E
O
500
MILLIMETER
SYMBOL
MIN | NOM | MAX

A b Vi
Al 005 | _ | 015
A2 0.75 | 085 | 095
A3 030 | 035 | 040
b 028 | _ | 036
bl 027 | 030 | 033
c 015 | _ | 019
cl 0.14 | 0.15 | 0.16
D 290 | 3.00 | 3.10
E 470 | 490 | 5.10
El 290 | 3.00 | 3.10
e 0.65BSC

L 040 | | 070
L1 0.95REF

0 0 _ g

-18- 07/2020 — V4.0



HT6881
Audio Amplifier

EE
AN FEI GRS BRSS SORSRAEMTIEE. IR, $Ew. SO Ao, olifstak SROEAT ™ ShAT IR 55 BUR . %5 72
N ERIA P AR OR TR B I B AR T IR E RN
A TR AR SN P B4 5 R Bl Bl DA L2 8 77 7 il BRI AR R BT AN AR AR AT DA
Aoy T 7 it I ARBH T 8 A A 4 RR B8 55 2 e A BB v

ASCH AR BRI SER, EARFIEANHATT, WAKAEMT AT RE K LA S =T7 BRI E 5158

-19- 07/2020 — V4.0





