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7.0W Anti-Clipping Mono Class D Audio Amplifier with
Boost Converter

B FEATURE
- Anti-Clipping Function (ACF)

- Filter-less Modulation, Eliminating Output Filter

* Output Power

5.5W (Vear=4.2V, PVDD = 6.5V, R.=4Q,
THD+N=10%)

7.0W (Vear=4.2V, PVDD = 7.0V, R.=3Q,
THD+N=10%)

3.0W (Vear=4.2V, PVDD = 6.5V, R.=80Q,
THD+N=10%)
- Power Supply

-Boost Input Vear: 2.5V to 5.5V

-Boost Output PVDD: Vgar to 7.5V

+ Adjustable BOOST Output Voltage
+ Class AB / Class D

- QOver Current Protection, Thermal Protection,

Low voltage malfunction prevention function
included

- Pb-Free Packages , SOP8L-PP
B APPLICATIONS

* Bluetooth Speakers - Portable Speakers

- 2.1 Channel Speakers - Megaphone

* iphonefipodfipod docking - MP4/GPS

+ Tablet PC/Note Book - Smart Phones

- LCD TV/Monitor - Portable Gamers

B TYPICAL APPLICATION

B GENERAL DESCRIPTION

HT8691 integrates a boost converter with a
filter-less stereo class D audio power amplifier to
provide 5.5W continuous power into a 4Q speaker
when operating from a Li-battery voltage boosted
to 6.5V, 7.0W continuous power into a 3Q speaker
when operating from a Li-battery voltage boosted
to 7.0V. Meanwhile, the boost output voltage is
adjustable.

HT8691 features Anti-Clipping Function (ACF)
which detects output signal clip due to the over
input signal and suppresses the output signal clip
automatically. Also, the ACF function can adapt the
output clip caused by power supply voltage down
with battery. It can significantly improve the sound
quality, creating a very comfortable musical
enjoyment, and to protect the speakers from
overload damage. It also supplies ACF OFF mode.

Class AB amplifier mode is also available for
HT8691. Once the EMI Interference from class D
and Boost Converter becomes an annoying
problem, HT8691 can be changed into Class AB
mode.

HT8691 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.

HT8691 has the independent Shutdown
function which can minimize the power
consumption at standby and MUTE 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

—— i LS. cTRL
3 9-GND 6
PVDD == — IN+
4 5
OUT- =i — OUT+

B TERMINAL FUNCTION ™

SOP8L-PP Top View

SOP
Terminal Name I/0 ESD. Function

No. Protection
1 FB I PN Regulator Feedback Input
2 LX I - Internal Switch Input
3 PVDD Power PN gﬁg:‘fyConvener Qutput Voltage and Power
4 OUT- 0 - Negative Output Terminal (BTL-)
5 QuUT+ O Positive Output (BTL+)
6 IN+ [ PN Positive Input Terminal (differential +)
7 IN- I PN Negative Input Terminal (differential -)
8 CTRL I PN Shutdown and ACF Control Terminal
9 GND* GND PN Power Ground

*1 I: Input  O: Qutput

* Do make sure that the GND pin is grounded into the Ground plane connecting into the power ground.

B ORDERING INFORMATION

HILTI[8][6]]9][1][x]
Package type
. Operatin MOQ/Shippin
Part Number Package Type Marking Tempefature Igange Packagg g
HT8691sp S R Tape
HT8691SP SOP8L-PP Bttt 2 -40°C ~85C 100PCS

*2: #HHHHE is production track code.
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® ELECTRICAL CHARACTERISTIC

® Absolute Maximum Ratings

Item Symbol Min. Max. Unit
E;OnSeST converter output voltage and Power supply voltage PVDD 03 78 v
Input terminal voltage range (IN+, IN-) ViN —0.6 PVDD+0.6 \'
Input terminal voltage range (except IN+, IN-) ViN —0.3 PVDD+0.3 \'
Operating Ambient Temperature TA -40 85 8
Junction Temperature Ty -40 150 8
Storage Temperature Tste -50 150 Y

*3: Absolute Maximum Ratings is values which must not be exceeded to guarantee device reliability. With a system in
which supply voltage might exceed supply voltage of PVDD/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
BOOST converter oufgut voltage and Power PVDD Wi 6.5 75 Y
supply voltage range
Operating Ambient Temperature Ta -40 25 85 C
Speaker Impedance RL SOPS8L-PP 4 Q
*4: The rising time of PVDD should be more than 1ps.
® Electrical Specification
Item | Symbol | Conditions Min. Typ. Max. Unit

BOOST Converter
Boost converter output PVDD Vaar 6.5 75 V
voltage
Boost converter
frequency fsw 410 kHz
Boost converter input
current limit lLnrrie 23 A
Class D Channel Vss=0V, Vear =3.6V, Riy = 56K, Ta=25°C, Cin=0.1uF, ACF-Off mode, unless otherwise specified
Carrier clock frequency frwm 410 kHz
Over current protection Imax 5 A
System Gain Avg Rin=56 kQ 26 dB
Start-up time (power-on i 280 —
or shutdown release)
ACF attenuation gain Aa -16 o dB
Consumption current in 8D CTRL=Vss 25 uA
shutdown mode
PVDD = 6.5V

Ri=40 55

e e, 7.0

PVDD=T.0V_| 1}, N=10% :

Output Power Po RL=80 ? 34 W

R1=40 Vear=4.2V, 4.4

f=1kHz,

Ri=80Q THD+N=1% 25
Total sl THD+N | Po=1.0W, Ri=40, f=1kHz 0.10 %
Distortion plus Noise

X f=20Hz~20kHz, A weighted,

Output Noise W Av=26dB 150 UVrms
Signal to Noise Ratio SNR | A weighted, ':“'1: oiadB* THO 90 dB
Output offset voltage Vas +2 mV
Efficiency (Class D + Vear=3.6V, Ri=40Q+22uH, 75 o
Boost) 0 THD+N = 10% ’
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Vear=3.6V, Ri=80Q+33uH, 80 %
THD+N = 10%
Qui : : I No Load Input 20 mA
uiescent curren BAT .
With Load"® Grounded 20 mA
= =
Maximum Input Signal Vinmax W= THgLN“m%’ AL 12 Vrms
Class AB Channel ™ Vss=0V, Vaar =3.6V, Av=20dB, Ta=25°C, Cw=0.1uF, unless otherwise specified
Ri=40,
Vear=3.6V 13 W
Ri=4Q, f=1kHz, 18
Vear=4.2V THD+N=10% )
Fe=Ag, 2.65 w
Vear=5.0V
Qutput Power Po —
Ri=40, 10 W
Vear=3.6V )
Ri=4Q, f=1kHz, 15
Vear=4.2V THD+N=1% )
Ri=40Q,
Vear=5.0V = W
Total Harmonic | . Po=0.01W RL=40, 0.12 %o
Distortion plus Noise Po=0.1W f=1kHz 0.1 o,
, f=20Hz~20kHz, A weighted,
Qutput Noise Vi Av=20dB 75 UV rms
Signal to Noise Ratio giip | Aoweiec e Gen, THE 90 dB
Qutput offset voltage Vos +4 my
Effci Ri=40+22uH, THD+N = 10% 70 %
o n RL=8Q+33uH, THD*N = 10% 745 %
i " ‘ | No Load Input 20 mA
uiescent curren
= With Load Grounded 20 mA
System Gain Avg Rin=56 kQ 20 dB
Start-up time
(power-on, shutdown
release, or switch from it 280 il
Class D to Class AB)
Digital Input/Output
ACF-Off (Class D)
mode setting threshold VMob1 1.5 1.7 PVDD \%
voltage
ACF ON (Class D)
mode setting threshold Vmobz 0.91 141 1.2 A"
voltage
Class AB mode setting
threshold voltage'® VmoD3 0.4 0.6 0.75 Vv
SD mode setting
threshold voltage VA 0 . 928 ¥
SD wake up voltage VeTRL_ON 0.8 1.0 A"
Internal pull-down
Resistor of CTRL Hofst a0 —
MISCELLANEOUS
Veart start-up threshold Wi 25 v
voltage
VeaT shut-down
threshold voltage N 2.0 ¥

*5: Depending on parts and pattern layout, characteristics may be changed.

*6: 4ohm resistor and 22uH coil are used as an output load in order to simulate a speaker.

*7: In Class AB amplifier mode, boost converter is shutdown automatically. Due to the schottky rectifier, the voltage of PVDD terminal can
be lower than VBAT, depending on the forward voltage of the rectifier.

*8: ACF ON mode is only available in Class D amplifier mode.
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B TYPICAL OPERATING CHARACTERISTICS

Class D Channel

Condition: Class D mode, Vear = 3.6V, PVDD = 6.5V fin = 1kHz, Rin = 56k, Gain = 26dB, ACF off, Output = Load + Filter,
Load = 4ohm, Filter = 100ohm + 47nF, unless otherwise specified

VDD VS ISD
50.00
Input Grounded
40,00 Class D
J PVDD = 6.5V /
=
3 3000
a2
20.00
—No load
10.00
——With Load
0.00
2.5 3.5 4.5 55
Vop (V)
Viar Vs Po
10.00
ClassD
£.00 PVDD = 6.5V
Load = 4ohm
g 6.00 fIN = 1kHz
z : Gaipn =268
4.00
2.00 =1
0.00
25 35 45 5.5
Viar (V)
Vear Vs Po
10.00
Class D
oo | PVDD =65V | |
Load = 8ohm —THD+N = 1%
g 6.00 f'”._z lkHz e THD+MN=10%
= Gain = 26dB
4.00
2.00
0.00
2.5 35 45 5.5

Vaar (V)

Ipp (MA)

PVDD (V)

PYDD (V)

40.00

30.00

20.00

10.00

0.00

=

10.00

8.00

6.00

4.00

0.00

10.00

8.00

6.00

4.00

0.00

Vgar Vs Ipp

Input Grounded = Mo [oad

Class D I

PVDD = 6.5V

No RC in LX

5 3.5 45 5.5
Vpar (V)

Vgar Vs PVDD

. Class D, Load = 4ohm

Gain = 26dB
fin = 1kHz
—RABB—F5
——THD+N = 1%
——THD+N = 10%
2.5 3.5 4.5 5.5

Var (V)

VBAT vs PVDD

Class D, Load = 8ohm
Gain = 26dB |
fin = 1kHz

rVLDLT = U.Jv

e—THD+M = 1%
——THD+N = 10%



K

TEL: 0755-23077644

RN AR A IR 2 7]

TRYIT 5 22 XA K BB FHORIE 10 5L ERCORJE 1206A

0755-27805705

THD+N (%)

THD+N (%)

Gain (dB)

Po vs THD+N
100.00
Class D
PVDD = 6.5V
10.00 Load = 4ohm
Ty = 1kHz
6 Gain = 26dB
ACF off

0.10
0.01 - : e
0.01 0.1 1
Po(W)
VIN vs THD+N
100.00
Class D
Load = 4ohm
1000 —fpg=1kHz
Gain = 26#1B
1.00
0.10
0.01
0.1
V (RMS)
fin vs Gain
30.00
Class D
Load = 4o0hm
Gain = 26dB
Vpar = 3.6V
Po = 1W
Vin = Constant Value
20.00

200 2000

fin(Hz)

3.6V

——ACF OFF

——nACF

Po = 1W

20000

Vour (RMS)

THD+N (%)

n (%)

Vin Vs Vour
10.00
Class D
Load = 4ohm
f|N = 1kHz
Gain = 26
—_—ACF OFF
——ACF
L00 -
0.1 1
Vix (RMS)
le vs THD+N
100.00
Class D
looo | Load = dohm
Gain = 26dB
Veat = 3.6V
1.00 —-PVDD = 6.5V
Po = 1IW
V.= Constant Value
0.10
Po = 1W
20 200 2000 20000
I(Hz)
Povsn
100.00
Class D
fin = 1kHz
8000 |—IN=-XTZ
Gain = 26dB ‘
Voo g aT—
60.00
DD = 6.5V ——23.3V= 4ohm + 22uH
woo 4| | ——36V=dohm+22uH_
4.2V = 4ohm + 22uH
20.00 3.6V = 8ohm + 33uH
0.00 |

P (W)
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Class AB Channel
Condition: Class AB mode, Vear = 3.6V, fin = 1kHz, Rin = 56k, Gain = 20dB, Output = Load = 4ohm, unless otherwise

Vgar VS Ipp

specified
30.00
Input Grounded
Class AB
_ 2000
£
E
10.00
0.00 :
25 35
Vear vs Po
4.00
Class AB
Load = 4ohm
fm: 1kHz
_ Gain = 20dB
E -
2 20
—THD+M = 1%
——THD+N = 10%
0.00 -
2.5 35 4.5 55
Verar (V)
Vgar Vs PVDD
6. 00
Class AB
Load = 4ohm
fin=1kHz
~ 00 Gain=20dB
e
a
2
B
.00
w—THDHN = 1%
—THD+N = 10%
0,00 |

2.5 3.5 4.5 35

Vear (V)

No load
e With Load
45 5.5
Vear (V)
Vgar Vs Pg
4.00
Class AB
Load = 8ohm
fin= 1kHz
- Gain = 20dB
£
& 200 ¢t
—THD+N = 1%
— THD+N = 10%
0.00
25 35 4.5 55
Viar (V)
Povs THD+N
Class AB
Load = 4ohm
10,00 —fpy=1kHz
= Gain = 20dB
<
E 1.00
=
0.10
——4BAT = 3.6V
0.01 e —
01 0.1 1 10

Fo (W)
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Gain (dB)

25.00

15.00

fin vs Gain

Class AB

Load = 4ohm

Gain = 20dB

Vgar = 3.6V

Po = 0.25W

V,y = Constant Value

200 2000
fri(Hz)

100.00

80.00 -

(%)

40.00

2000 2

0.00

6000

<
=z,
&
[_‘
Po =
0.25W
20000
Povsn
Class AB
fin=1kHz |
Gain = 26dB

Vear=3.6V] 7~

Pa (W)

Class AB
Load = 4ohm
10.00  Gain=20dB
Vgar= 3.6V
Po= 0.25W
"V, = Constant Value

100

0.10

001 | S s 3 e

fiy vs THD+N

| oad = dohm + 22uH

-Load = 8ohm + 33uH

[ (Hz)

—Po= 0.

2000
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B APPLICATION INFORMATION

® BOOST Converter
(1) Setting Output Voltage

The output voltage is set by a resistive voltage divider from the output voltage to FB terminal, which is
shown below. The output voltage can be calculated by PVDD = 1.24*(Rd1+Rd2)/Rd2.

Cd2

Rdl | Rd2
PVDD FB

Fig. 1 FB Terminal Configuration

Some typical output voltages can be got by following settings.

Table 1. Output Voltage Setting

PVDD Rd1 Rd2 Cd2
5.0V 120K 39.5K 3.3nF
6.5V 120K 28K 3.3nF
7.0V 120K 25.5K 3.3nF

(2) LX Terminal

It is strongly recommended to place an RC circuit from the terminal of LX to Ground, shown as following, so
that the ripple current of Boost Converter can be decreased. Meanwhile, the total consumption current of
the system will be larger so that the efficiency of the system will be lower. Specifications in this file is
measured under the condition with RC.

Notes: RC should be placed as closely to LX pin as possible.

LX

Rix 10

(jLX ;}i;

Fig. 2 LX Terminal Configuration

10nF
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(3) Capacitor Selection

The input and output capacitor (Cin and Cour) is required to maintain the DC voltage. Low ESR capacitors
are preferred to reduce the output voltage ripple. 1uF//10uF//470uF (paralleled) is highly recommended to
be placed in both input and output terminal as closely to the pin as possible.

(4) Inductor Selection

Inductance value is decided based on different condition. L = 4.7uH, DCR<1ohm, Isar = 2.5A is
recommended for general application circuit.
(5) Schottky Diode Selection

Vrrm > 12V, VEm<<0.5V, [e=1.5 A is recommended for general application circuit.
(6) Layout Consideration

1. The power traces, consisting of the GND, LX, Vear and PVDD trace should be kept short, direct, wide,
and as closely to the pin as possible. The switching node LX should be paid more attention for EMI and

reliability consideration.
2. Place Cin and Cour near Vear and PVDD as closely as possible to maintain voltage steady, and filter out
the pulsing current.

3. The resistive divider R should be connected to pin directly as closely as possible. FB is a sensitive
node. Please keep it away from switching node, LX.

4. The GND of the IC, Cin and Court should be connected close together directly to ground plane.

® Analog Signal Input Configuration

HT8691 is an amplifier with analog input (single-ended or differential). For a differential input between IN+ and
IN- pins, signals input via DC-cut capacitors (Cin). The input signal gain is calculated by Av = 1200k/R,N (Class
D mode) or Av x~600k/R, (Class AB mode). And, the low pass cut-off frequency of input signal, can be

calculated by f. =1/(2nR\Cy)

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.

The output impedance (Zout) of the former source circuit, including signal paths up to IN+ terminal and IN-
terminal should be designed to be 600Q or lower.

Front Circuit HT8691 Front Circuit HT8691
Zour Cn  Rw Cn Rn
0 IN+ D IN+
— VYW IN- IPwW— N
<600Q ==
0.1uF 56kQ L_____ 0.1uF 56kQ L_____
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Fig. 3 (1) Differential Input; (2) Single-ended Input

® Output Configuration

As mentioned, HT8691 can directly drive speakers without any other components. But there are exceptions.
Once HT8681 works in class D mode, the cable lined to the speaker is very long, and EMI is concemned,
ferrite beads or L-C filter is needed.

If the BOOST output voltage is high (27V), the power supply ripple for class D amplifier is high, the voltage
level of input signals is high (=1.0Vrms), or the impedance of the load speaker is low (=40}, a bigger value
of capacitance (=2470uF) in the terminal of PVYDD needs to be added, and a Snubber circuit and two
Schottky diodes added in the output terminal can be a choice to protect the chip from damage.

HT8691

i P\/DD

+Dh’
i OUT+
Rs
T Ds
Cs

T

Fig. 4 Snubber Circuit and Schottky Diodes for Qutput Terminal

© OUT-

Recommended component parameters:
Rs: 1.5~ 20
Cs: 330pF~680pF;

Ds: Maximum Average Forward Rectified Current lav = 3A; Maximum Instantaneous Forward Voltage <
0.5V; Peak Forward Surge Current Irsm = 6A.

® CTRL Terminal Mode Control

HT8691 can work in different modes by setting the CTRL terminal, shown as follow.

Table. 2 CTRL Terminal Mode Control

RBLE QEMBEL. MIN. ?’I’T’L Vonah?lix. UNIT
g:;sfe?ter:\ode in ACF-Off with Boost T 15 17 PVDD Vv
g:?r?:e?terpode in ACF-ON with Boost T 0.91 11 12 Vv
gl?s:eﬁzrmode in ACF-Off without Boost Vi 04 06 0.75 Vv
SD(Shutdown) Mode Vmop4 0 0 0.28 \%

Notes: ACF-ON mode can only be worked in class D mode. A 300kQ pull-down resistor are inside of the
CTRL terminal, shown as follows.

HT8691 can only be turned into operating mode from shutdown mode when the voltage of CTRL is over
0.8V (1.0V is recommended).
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HT8691

TRL

300K Q

Fig. 5 CTRL Terminal

® Anti-Clipping Function (ACF) and mode Configuration
(1) ACF ON Mode

In ACF-ON modes, HT8691 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 HT8691 also follows to the clips of the output
waveform due to the decrease in the power-supply voltage.

Ve

(1) Excessive Inputs » i Total ACF ON Ponk
WV iniia o2 Gain  [Outr
¢ Av=Avy+Aa Peak -
- 4 Attack Time Release Time
Excessive Clipping
Inputs Detection ACF O EE
Peak
Attenuation Peak -
Gain
-10dB=Aa<0
~
(2) Appropriate inputs ( Tokal P ____ACFON _ ___ -
nput Y Initial Gain Gai Al *pvoD
Avs ain Qutput | Pcrrcs
Av=Av,+Aa
) | R il py P Ry
Pg:;t;i;:gy g;gglurgn Attack Time  Release Time
ACF
Attenuation
Gain
-10dB=Aa=0

Fig. 6 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 16dB.

Table 3 Attack time and Release time

Release time
64ms

Attack time
50ms

ACF mode
ACF-1
(2) ACF OFF Mode

In ACF-Off mode, ACF function is disenabled. HT8691 will not detect output clipping and the system gain is kept
to be Av=Avo. The audio quality would worsen due to clipping distortion.

(3) Class AB mode

In Class AB mode, ACF function is also disenabled. HT8691 works as Class AB audio Amplifier, the boost
converter is disenabled as well.

(4) SD Mode

In shutdown mode, HT8691 shuts all circuit down and minimizes the power consumption. And, the output
terminals become Weak Low (A high resistance grounded state).
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@ Pop-Click Noise Reduction

The Pop-Click Noise Reduction Function of HT8691 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 0.1uF or less.

Besides, POP noise can be minimal according to the following procedure of shutdown control.

+During power-on, Shutdown mode is not cancelled until the power supply is stabilized enough.
-Before Power-off, set Shutdown mode first.

The pop-click noise: Power-on/-off > Shutdown on/off.

tpg av>lsTup tpppy>350ms
—
E’L&Lu_ e /
fovie /! H

VBAT PVDD e

ACF-Off / \

ACF-On

ClassACVam & / \

— \

1o I S—

CTRL

E IsTup
out A |11

X K )?X: X
Power off sD Operation D" Power off

Fig. 7 Pop-Click Noise Reduction by Shutdown

® Protection Function

HT8691 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, PVDD, 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 HT8691 (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 PVDD terminal voltage becomes lower
than the detection voltage (Vuvi) for the low voltage malfunction prevention. And the protection mode is
canceled when PVDD terminal voltage becomes higher than the threshold voltage (Vuwvih). In the low voltage
protection mode, the differential output pin becomes Weak Low state (a state grounded through high impedance).
HT8691 will start up within the start-up time (Tstur) when the low voltage protection mode is cancelled
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® PCB Layout
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B PACKAGE OUTLINE

1080

5

Al

A2
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\0 ——] =

\U ; |

= \ | o
Dimensions In Mill imsters Dimensions In Inchses

T 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 (BSG) 0. 050 (BSC)
L 0. 400 1.270 0.016 0. 050
0 0° 8° 0° g°




