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HT8699

Audio Amplifier with Boost Converter

2X5.5W Stereo Audio Amplifier with Boost Converter

B FEATURE

* Anti-Clipping Function (ACF)

* Filter-less Modulation, Eliminating Output Filter
* Output Power

2X 5.5W(Vear=4V, PVDD = 7V, R.=4Q,
THD+N=10%)

+ -BOOST Input Vear: 2.5V to 5.5V
-BOOST Output PVDD: Vgar to 7.5V

* Adjustable BOOST Output Voltage

* Class AB /Class D available

* Thermal Protection, Over current protection, Low
voltage malfunction prevention function included

* Pb-Free Packages, SOP16L-PP

Part No. Internal Input | Working
Resistor Rin Mode
HT8699RSPEx | 17.8K ohm Class D &
Class AB
HT8699B6SPEX | 10 ohm Class D

B APPLICATIONS

* Bluetooth Speakers * Portable Speakers

B GENERAL DESCRIPTION

HT8699 integrates a boost converter with a
filter-less stereo class D audio power amplifier to
provide 2 X 5.5W continuous power into a 4Q
speaker when operating from a Li-battery voltage
boosted to 7V. Meanwhile, the boost output voltage
is adjustable.

Class AB amplifier mode is also available for
HT8699. Once the EMI Interference from class D
and Boost Converter becomes an annoying
problem, HT8699 can be switched into Class AB
mode.

HT8699 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.

HT8699 has the independent Shutdown
function which can minimize the power
consumption at standby and MUTE function. As for
protection function, over current protection, over
temperature protection function, and low supply
voltage malfunction preventing function are also
prepared.

* iPhone/iPod/iPod docking  * Megaphone
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As the ACF Function determined by
CTRL terminal limits the output signal
under THD+N of 2-5% (but not 1%),
there may still exist some audible
distortion in the output signal. So, if high
quality music is required without much
distortion toleration, ACF should not be
used.
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B TERMINAL CONFIGURATION

INL+ e o u 16 OUTL+
INL- L E OUTL-
3 14
CTRL et 0 = PVDDL
4 _I_ 13
VBAT e — INR-
5 12
FB — p— INR+
6 - 11
LX — om— p—OUTR+
LX i E OUTR-
NC i 2 PVDDR
SOP16L-PP Top View
B TERMINAL FUNCTION'
Terminal No. | Name /0 = ESD. Function
rotection
0 GND GND ) Power Ground. Do connect to the system
Ground.
1 INL+ I PN Left channel positive input (differential +)
2 INL- | PN Left channel negative input (differential -)
3 CTRL | PN Shutdown and ACF control terminal
4 VAT Power PN Logic Power Supply
5 FB I PN Regulator Feedback Input
6,7 LX I - Internal Switch Input
No connection. Connect to GND for better
8 NC
thermal performance
Boost Converter Output Voltage, Power
9 PVDDR | Power ] Supply for Class D Right Channel
10 OUTR- O - Right channel negative output (BTL-)
11 OUTR+ O Right channel positive output (BTL+)
12 INR+ | PN Right channel positive input (differential +)
13 INR- I PN Right channel negative input (differential -)
Boost Converter Output Voltage, Power
14 PVDDL | Power ) Supply for Class D Left Channel
15 OUTL- O] - Left channel negative output (BTL-)
16 OUTL+ 0 Left channel positive output (BTL+)

" I:Input  O: Output
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B ORDERING INFORMATION

. . Operating .
Part Number Available Working Inter.nal Inpuﬂt Package Type Marking Temperature MOQ/Shipping
Mode Resistor Rin R Package
ange
HT8699RSPER | Class AB & Class D 17.8k ohm SOP16L-PP HT8699Rsp | -40°C~85°C | Tube /50 PCS
HT8699RSPET | Class AB & ClassD | 17.8kohm | SOP16L-PP | HT8699Rsp | -40°C~85°C Taggo"’g”scﬁee'
HT8699B6SPET Class D 10ohm SOP16L-PP HT8699sp -40°C~85°C | Tube /50 PCS
o QKo Tape and Reel
HT8699B6SPER Class D 10ohm SOP16L-PP HT8699sp -40°C~85°C 5500PCS
B ELECTRICAL CHARACTERISTIC
® Absolute Maximum Ratings 2
Item Symbol Min. Max. Unit
Power supply voltage range VBAT -0.3 5.5 \%
BOOST converter output voltage range PVDD VAt 7.0 \%
Input terminal voltage range (IN+, IN-) VIN Vss—0.6 PVDD+0.6 \%
Input terminal voltage range (except IN+, IN-) VIN Vss—0.3 PVDD++0.3 \Y,
Operating Ambient Temperature Ta -40 85 °C
Junction Temperature Ty -40 150 °C
Storage Temperature Tste -50 150 °C
® Recommended Operating Condition
ltem Symbol Conditions Min. Typ. Max. Unit
Power Supply Voltage 3 VBAT 2.5 3.6 5.5 \Y,
BOOST converter output voltage range PVDD Veat 6.0 7.0 \Y,
Operating Ambient Temperature Ta -40 25 85 °C
Speaker Impedance RL 4 Q

' See Fig. 3 in Page 12 for detail.
2 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 PVYDD/GND, external diodes are recommended to be used to assure that the
voltage does not exceed the absolute maximum rating.
3 The rising time of Vssr should be more than 1us.
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Audio Amplifier with Boost Converter

® Electrical Specification?

Item | Symbol Conditions Min. | Typ. | Max. | Unit
BOOST Converter
Boost converter output PVDD VAT 6.0 70 v
voltage
Boost converter frequency fsw 420 kHz
Boost converter input
current limit lumTRiP 4.6 A
Class D Channel Vss=0V, Vear =3.6V, PVDD = 6.0V, Rin = 56K, Ta=25°C, Cin=1uF, ACF-Off mode, unless otherwise
specified
Carrier clock frequency frwm 420 kHz
Over current protection Imax 5 A
External Rin=56 kQ, for
. HT8699B6SPEX 26 dB
System Gain Avo -
External Rin=0, for 275
HT8699RSPEX )
Start-up time (power-on or tsTup 260 ms
shutdown release)
ACF attenuation gain Aa -16 0 dB
Consumption current in . CTRL=Vss 23 bA
shutdown mode
RL=4Q VBaT=3.6V, 2X4.5
RL=8Q e 2X2.6
L= THD+N=10% :
Output Power P w
P ° Ri=40 Vear=3.6V, 2x37
f=1kHz,
RL=8Q THD+N=1% 2%X2A1
PVDD =6V - 0.12 %
C A . Po=1.0W
Total Harmonic Distortion | rjnyN ["PvDD =65V |  Ru=40, 0.11 %
plus Noise f=1kH
PVDD =7V =1khz 0.11 %
. f=20Hz~20kHz, A weighted,
Output Noise Vn Av=26dB 155 MVims
Signal to Noise Ratio SNR | Aweighted, Ave26dB, THO*N 88 dB
Output offset voltage Vos +2 mV
L->R f= 1kHz, -100
Crosstalk CS R L Po = 1W Y dB
VBat=3.6V, RL=4Q+22uH, 70 Y
Efficiency (Class D + THD+N = 1% °
Boost) n VeaT=3.6V, RL=8Q+33uH, -7 ”
THD+N = 1% °
Qui " ( | No Load Input 27 mA
uiescent curren BAT
With Load? Grounded 26 mA
. . fin = 1kHz, THD+N<<10%,
Maximum Input Signal Vinmax ACF-1 ON 1.5 Vrms

' Depending on parts and pattern layout, characteristics may be changed.
2 4ohm resistor and 22uH coil are used as an output load in order to simulate a speaker.
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Item | Symbol | Conditions | Min. | Typ. Max. | Unit
Class AB Channel Vss=0V, VBat =3.6V, Av=20dB, Ta=25°C, Cin=1uF, HT8699RSPEYX, unless otherwise specified
Ri=4Q,
VBaT=3.6V 13 W
f=1kHz, Ri=4Q,
THD+N=10% VBaT=4.2V 18 W
RL=4Q,
VBAT=5.0V 265 W
Output Power Po —
Ri=4Q, 10 W
VeaT=3.6V )
f=1kHz, Ri=4Q,
THD+N=1% VBaT=4.2V 15 W
Ri=4Q,
VBAT=5.0V 21 w
Total Harmonic Distortion Po=0.01W RL=4Q, 0.12 %
: THD+N _
plus Noise Po=0.1W f=1kHz 01 %
. f=20Hz~20kHz, A weighted
Output Noise VN Av=20dB 75 UVims
Signal to Noise Ratio sNR | Aweighted, AvC20dB, THO*N 90 dB
Output offset voltage Vos +4 mV
. RL=4Q+22uH, THD+N = 10% 70 %
Efficiency n
RL=8Q+33uH, THD+N = 10% 74.5 %
) Input No Load 20 mA
Quiescent current IBAT -
Grounded With Load 20 mA
Current consumption in Input No Load 2.0 mA
Mute mode ImuTeE Grounded, With Load 20 A
MUCH =H ith Loa : m
Current consumption in _
Shutdown mode Isp CTRL=Vss 36 MA
System Gain Avo External Rin=0 21.5 dB
Start-up time (power-on,
shutdown release, or shift tsTuP 260 ms
between Class D and Class
AB)
MISCELLANEOUS
VearT start-up threshold VUVLH 25 v
voltage
VAT shut-down threshold VUVLL 29 Vv
voltage
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ltem Symbol Conditions Min. Typ. Max. Unit
SD wake up voltage VcTRL_ON 0.9 \%
CTRL Terminal Voltage for HT8699B6SPEXx
Class D mode in ACF-Off with 0.75X%
Boost Converter Voot PVDD PVDD v
Class D mode in ACF-1 with Boost Vion2 0.45X% 0.70X Y
Converter PVDD PVDD
Class D mode in ACF-2 with Boost VioDs 0.10X 0.40X% Y
Converter PVDD PVDD
SD mode VMoDa Shutdown mode Vss 0.06 ] \Y

(Veat-VE")

Internal pull-down Resistor of CTRL ReTre 60 KQ
CTRL Terminal Voltage for HT8699RSPEX
Class D mode in ACF-Off with Vions o4 VBAT v
Boost Converter
Class D mode in ACF-1 with Boost Vion2 16 29 Vv
Converter
Class AB mode in ACF-off without Viops 04 14
Boost Converter
SD mode VMoD4 Shutdown mode Vss 0.2 \Y%
Internal pull-down Resistor of CTRL Retre 150 KQ

' VE is the forward voltage of external diode.
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B TYPICAL OPERATING CHARACTERISTICS
Condition: Class D mode, Vsar = 3.6V, fin = 1kHz, Cin = 1uF, ACF off, Load = 40hm+33uH, unless otherwise specified

Vear VS lpp
60.00
Input Grounded ——PVDD = 6.5V
Class D ——PVDD =6V
w ——PVDD = 7V
- 4000 ™
=)
E
8
20.00
0.00
2.5 3.5 45 5.5
Vaar (V)
6.00 6.00
Class D ——PVDD = 6.5V Class D ——PVDD =65V
Load = 8ohm + 33uH ——PVDD = 6V Load = 8ohm + 33uH PVDD =6V
fiy = 1kHz ——-PVDD =TV fin = 1kHz ——PVDD =7V
3 400 THD+N = 1% 3 4.00 THD¥N = 10%
=1 =]
o v
—
2.00 2.00
0.00 0.00
2.5 3.5 4.5 55 2.5 3.5 4.5 55
Vaar (V) Vaar (V)
10.00 10.00
Class D —PVDD = 6.5V Class D
2.00 Load = 40hm+33uH ——PVDD =6V .00 Load = 40hm+33uH
fin = 1kHz ——PVDD = 7V fin = 1kHz
6.00 THD+N = 1% 6.00 THD+N = 10% - —T

Po (W)
Po (W)

o s o0 %
/ / —PVDD = 6.5V

2.00 2.00 BVDD =6V

——PVDD =7V

2.5 3.5 4.5 5.5 2.5 3.5 4.5 5.5
Vpar (V) Vear (V)
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Povs THD+N Po vs THD+N
100.00 100.00
Class D PYDD=6:5V Class D —— PVDD =65V
- ——PVDD=6V Vesr = 3.6V
oo | Vear =36V /y 1000 —-PVDD=6V |,/
- Load = 4ohm+33uH ——PVDD=7V - Load =8ohm+33uH
9 fin = 1kHz g fin = 1kHz ——PVDD=7V
= = ACF off
z 100 ACFoff Z 100
g =
=) =
0.10 010 e —
0.01 0.01
0.01 0.1 1 10 0.01 0.1 1 10
Po(W) Po (W)
VIN vs VOUT Vin Vs Vo
10.00 - 6.00
:oadl—k:ohm Class D
IN= z _
Gain = 26d8B VBAT=3.7¥
Vioar =3.6V Load = 40hm+33UH
& PVDD = — g 400 A i=1kHz
2 Left orRigl 5 Gain = 26dB
5 S ——PVDD=6.2V, ACF OFF
] e ACF OFF .00 PVDD=6.2V, ACF-1
el a2 : ——PVDD=6.7V, ACF OFF
——PVDD=6.7V, ACF-1
1.00 ST ACFL ——PVDD=7.2¥, ACF OFF
o 1 ——PVDD=7.2V, ACF-1
0.00
VIN (RMS) 0 0.1 0.2 0.3 0.4
Vin(Vrms)
fiy vs THD+N fin vs THD+N
100.00 100.00
Class D PVDD=6.5v Class D PVDD=65Y
1000 Load = 4ohm+33uH ——PVDD=6Y 10.00 Load = 8ohm+33uH —— PVDD=6Y
Po® 1W ——PVDD=7V Po # 1W ——puDD=7V
g 1.00 & 1.00
B e N 5 o
] | y ) | IR &
0.01 0.01
0.00 0.00
20 200 2000 20000 20 200 2000 20000
f(Hz) fv(Hz)
fin vs Gain
30.00
29.00
28.00
2700 — N ——
o b
g 2600
g 30 ——Rin=0k ™
¢ 24.00 =
1300 Class D an’ﬁ"?k
B CIN =2 2uF ——Rin=18k
22.00
21.00 <
20.00
20 200 2000 20000

Ix(Hz)
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80.00

60.00

n (%)

40.00

20.00

Po(W)

Povsn
/_ ——PVDD=65V
le = 1kHz ——PVDD=6V
f Vear = 3.6V ——PVDD=7V
Load = 8ohm + 33uH
0 0.5 1 1.5 2 2.5
Po(W)
Povsn
Class D
. load=4ohm +33uydH
le = 1kHz
P
——VBAT=4.2V
——VBAT=3.7V
——VBAT=3.3V
0 1 2 3 4 5 6
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60.00
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40.00

20.00

100.00
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40.00
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HT8699
Audio Amplifier with Boost Converter
Povsn
Class D
Load=4 ohm + 33 uH
fin = 1kHz

Y s o e ————

/ VBAT

—VBAT=3.7V
——VBAT=3.3V
1 2 3 4 5 6
Po (W)
Povsn
Class D
Load=4 ohm + 33 uH
fin = 1kHz
PVDP=6: s
! ——NBAT=4.2V
VBAT=37V
——VBAT=3.3V
1 2 3 4 5 6
Po(W)
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Class AB Channel
Condition: Class AB mode (HT8698RSPEX), Vear = 3.6V, fin = 1kHz, Load = 40hm, unless otherwise specified
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Inp (mA)
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Vgat VS Ipp
4.00

Vear Vs Po

Input Grounded
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3.00
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——No Load
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__/

0.01
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Rin=4.7K VBAT=4.2V.Po=1W
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200 2000 20000
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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
6.0V 120k 31k 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

CLX I

Fig. 2 LX Terminal Configuration

10nF

(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//220uF (paralleled) is highly recommended to
be placed in both input and output terminal as closely to the pin as possible. If possible, 470uF is better
than 220uF.

(4) Inductor Selection

Inductance value is decided based on different condition. L=10uH, DCR<1ohm, Isat=5A is recommended
for general application circuit.

(5) Schottky Diode Selection

VrrM > 12V, VEM<<0.5V, IF=4 A is recommended for general application circuit.
(6) Layout Consideration

1. The power traces, consisting of the GND, LX, Vsar and PVDD trace should be kept short, direct, wide,
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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 Cout 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

HT8699 is an amplifier with analog input (single-ended or differential). 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 ~ R;. /(External R, +Internal R, ). And the high pass cut-off frequency of input signal can be

=1
calculated by, = Aﬂ(Extemal Ry +External R )xC,

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 Ciy and Rin). The Gain and high pass Cut-off frequency are the same as the above case.

Part No. Working Mode Internal Rin(ohm) Rr(ohm)
HT8699B6SPEx | Class D mode 10 1200K
HT8699RSPEx | Class D mode 17.8k 420K
HT8699RSPEx | Class AB mode 17.8k 210K
Front Circuit HT8699 Front Circuit HT8699

AAA | + |E|+
7 Ci External Intemal External Intemal
O IN IN
- % INZY 3 f{ A INZY a

Fig. 3 (1) Differential Input; (2) Single-ended Input

® Output Configuration

As mentioned, HT8699 can directly drive speakers without any other components. But there are exceptions.
Once HT8699 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.

® CTRL Terminal Mode Control

HT8699 can work in different modes by setting the CTRL terminal, shown as follow.

Table. 2 CTRL Terminal Mode Control for HT8699RSPEXx

| MODE | SYMBOL MIN. Clslﬁ.vo'taf\]/leAx. UNIT
Boost Converter Vuoor - Ml T
8E§:e?tenrmde in ACF-1 with Boost Vo2 1.6 2.2 Vv
CB):)aos; élgnr\r;ggtzrm ACF-off without \V/MOD3 0.4 1.4 \Y;
SD(Shutdown) Mode VMmoD4 VSS 0.2 V

Notes: ACF-1 and ACF-2 mode can only be worked in class D mode. A 150kQ pull-down resistor (Rctre)
are inside of the CTRL terminal, shown as follows.
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Table. 3 CTRL Terminal Mode Control for HT8699B6SPEX

CTRL Voltage
MODE SYMBOL MIN. TYP. MAX. UNIT

Class D mode in ACF-Off with 0.75x
Boost Converter VoD PVDD PVDD v
Class D mode in ACF-1 with Boost Vv 0.45x 0.66x 0.70x Vv
Converter Mob2 PVDD | PVDD | PVDD
Class D mode in ACF-2 with Boost Vv 0.10x 0.33x 0.40x Vv
Converter Mob3 PVDD | PVDD | PVDD

0.06x
SD(Shutdown) Mode Vmob4 GND X \Y

(VBaT-VF')

Notes: ACF-1 and ACF-2 mode can only be worked in class D mode. A 60kQ pull-down resistor (RctrL) are
inside of the CTRL terminal, shown as follows.
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Fig. 4 CTRL Terminal

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

In ACF-ON modes, HT8699 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 HT8699 also follows to the clips of the output
waveform due to the decrease in the power-supply voltage.
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Fig. 5 the ACF Function Operation Outline

' VE is the forward voltage of external diode.
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The Attack time of ACF Function is a time interval until system gain falls to target attenuation gain -3dB when a
big enough signal input. And, the Release Time is a time from target attenuation gain to not working of ACF. The
maximum attenuation gain is 16dB.

Table 4 Attack time and Release time

ACF mode Attack time Release time
ACF-1 6.7ms/dB 67ms/dB
ACF-2 0.1ms/dB 400ms/dB

Note: As the ACF Function limits the output signal under THD+N of 2-5% (but not 1%), there may still exist some
audible distortion in the output signal. So, if high quality music is required without much distortion toleration, ACF
should not be used.

(2) ACF OFF Mode

In ACF-Off mode, ACF function is disenabled. HT8699 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) SD Mode

In shutdown mode, HT8699 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 HT8699 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.
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Fig. 6 Pop-Click Noise Reduction by Shutdown

® Protection Function

HT8699 has the protection functions such as Thermal Protection function, and Low Voltage Malfunction
Prevention function.

(1) Over-current Protection function

When a short circuit occurs between one output terminal, 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
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conditions are eliminated, the over current protection mode can be cancelled automatically.

(2) Thermal Protection function

When excessive high temperature of HT8699 (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 Vbat terminal voltage becomes lower than
the detection voltage (VuviL) for the low voltage malfunction prevention. And the protection mode is canceled
when Vbat 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). HT8699
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
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Symbol
Min Max
A - 1.75
A1 0.05 0.15
A2 1.30 1.50
b 0.39 0.48
c 0.21 0.26
D 9.70 10.10
D1 4.57(REF)
E 3.70 4.10
E1 5.80 6.20
E2 2.41(REF)
e 1.27(BSC)
L 0.50 0.80
0 0° 8°




