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Stereo Class D Amplifier with Boost Converter
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2x25W Class D Audio Amplifi

B FEATURES

 Output Power (fin = 1kHz, R =4Q)
VBAT = 7.2V, 2x25W (VOUT=14.8V, THD+N= 10%)
VBAT = 3.7V, 2x10W (VOUT=9V, THD+N = 10%)
- Power Supply Vgat: 2.7V~VOUT

- Spread Switching Frequency Function for AMP
- Integrated boost converter: adjustable output
voltage VOUT and switch peak current limit

= Over current protection/ Over temperature
protection / Overvoltage protection / Low voltage
malfunction prevention function with auto recovery
- Pb-free Packages, ETSSOP28

B APPLICATIONS

er with Boost Converter

- M IhZR (fin=1kHz, Ri=4 Q)
WERER7.2V: 2X 25W (VOUT=14.8V, THD+N=

10%)

B3 7V: 2X10W (VOUT=9V, THD+N = 10%)
- VBATHESERE: 2.7VEVOUT

- DRINRT $5iTh&E

- AEFEBR: "ANATHAEERMAERR

- RIPINEE:
- ihfxEts, ETSSOP28

RS R R E S BT ERIPIIRE

* Smart Speakers * Wireless Speakers . DRI - T - EERTE
- Portable Speakers - 2.1Channel Speakers e P e . .
P P AFEENESS - HIAFER - BN

- Megaphone - Portable Gamers

B DESCRIPTION

The HT81696 is a stereo Class D audio amplifier integrated
a boost converter. With wide input voltage range, HT81696
supports applications with single cell, two cell Lithium
batteries, 5V or 12V power supply and so on.

HT81696 built-in boost converter supports selectable output
voltage by external resistors for different applications with
different power requirements. It also implements an
adjustable switching peak current limit function through
external resistors.

HT81696 has a filter-less modulation circuit which can
directly drive speakers. HT81696 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, low supply
voltage malfunction preventing function and over boost
voltage protection are also prepared.
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B TYPICAL APPLICATION
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B ORDERING INFORMATION

Part Number Package Type Marking Operatlng;'negrgperature Shipping Package / MOQ
HT81696 “ are Tape and Reel
HT81696MTER ETSSOP28 YYYMAABL -40°C~85C 3000PCS

Part Number

HT81696 MTE R

L Shipping Package

v

Package Type

Model

v

Production Tracking Code

YY¥ M AA

Lot Number

Date Code — Month
1~9, Jan.~Sep.; J, Otc.; Q, Nov.; K, Dec

B
\—> Random Code

Internal Code

L YYYMAAB is production tracking code

Copyright©2023, Heroic Technology -3- 03/2023 - V1.0




fl- 7 HEROIC

bl
/) technaology

HT81696

Stereo Class D Amplifier with Boost Converter

B TERMINAL CONFIGURATION

° N
vee [T T [ % ] comp
|- - - - 1
FB 2 : : 27 ILIM
vour [T 7] : : 1] ssiEmI
I I
ENB [T T | I [ ] PvDDL
| |
sw [T | : 7T Lese
sw [T+ : : [ 1] LouTP
| |
ENA [T 7] | | [ T LouTN
EP
: -GND :
LINP T5 ] | | [ T[] LBSN
|
LINN[T5 : I 20 [ ] PGND
I |
GAIN [0 I : T 1] BSNR
|
GvDD [T 1] : : [ 51 ] ROUTN
| |
RINN [T | [ 7 ] rOUTP
I I
RINP T : : 5T ResP
AvCC — T 77 15 PVDDR
Top View
B TERMINAL FUNCTION
Te;\ln:)lnal Name | I/O* Description
Ground. Also provides thermal connection from the device to the board. A
matching ground pad should be provided on the PCB and the device connected to it
EP GND G | viasolder.
Hb, RIS AL MR SR B 42 PCB IR - R E A R % b R 5 2
RIFEE.
1 vee 0 Output of the internal regulator for boost converter. A ceramic capacitor of 1uF is
required between this pin and ground. FH HLES NS EE RS, $2 1uF 2.
2 FB I | Voltage feedback. Hi % imifiHl
3 VOUT P | Power supply for boost converter. Ff [t i Uity
Enable logic input for boost converter. Logic high level enables the device. Logic
4 ENB I | low level disables the device and turns it into bypass mode. F+EAHGEMI, & HL T
RIS, AR T K ]
5,6 SW P | The switching node pin of the converter. F &% i

1 1: Input; O: Output; G: Ground; P: Power
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7 ENA 1 Enable logic input and operation mode selection for amplifier
8 LINP I Positive iqput (differ‘ential+) for audio amplifier of left channel.
A PR B A E B o
9 LINN I I;Izegative i\gput (diffe?rential—) for audio amplifier of left channel.
U P B R A\ U o
Gain select pin. Gain is 17.5dB when logic low, and 31.8dB when logic high or
10 GAIN I floating
Wt PE . PR, 385 17.5dB; duma s, 198 31.8dB
11 GVDD O | Voltage regulator of amplifier, connect 1uF to GND. It N &, 2 1uF b
12 RINN I Negative ipput (diffe?rential—) for audio amplifier of right channel.
A A S .
13 RINP I Positive iqput (differ‘ential+) for audio amplifier of right channel.
A A B A LE S
Analog power supply for amplifier
O AVEC P | e
Power supply terminal for right channel.
15 PVDDR | O T 7T 2
16 RBSP | BST Connection point for the ROUTP bootstrap capacitor, which is used ‘to create a power
supply for the high-side gate drive for ROUTP. ROUTP [ %% Hi % iy
Positive output terminal (BTL+) for right channel.
17 ROUTP 0] T P IE A
Negative output terminal (BTL-) for right channel.
18 ROUTN | O P
19 RBSN | BST Connection point for the ROUTN bootstrap capacitor, which is used to‘ create a
power supply for the high-side gate drive for ROUTN. ROUTN H % Hi %¥ ¥
Power ground for amplifier
20 PGND P TR
21 LBSN | BST Connection point for the LOUTN bootstrap capacitor, which is used t‘o create a power
supply for the high-side gate drive for LOUTN. LOUTN H %% H 25 Uiy
Negative output terminal (BTL-) for left channel.
22 | LOUTN| O | e phijt it
Positive output terminal (BTL+) for left channel.
2 | MOUTP ) O | e .
24 LBSP | BST Connection point for the LOUTP bootstrap capacitor, which is used‘to create a power
supply for the high-side gate drive for LOUTP. LOUTP H %% Hi %% ity
Power supply terminal for left channel.
2 | PVDDL | P | gt e
Soft-start programming pin. An external capacitor connected to ground sets the ramp
rate of the internal error amplifier’s reference voltage during soft-start. F &5 50
26 SS o BEM, SEERS. . .
Also used as mode selection for different tr/tf, an external resistor connected to
ground selects a flatter tr/tf. [FIRAE N taf WE, ZFEIAS4MEZ 14 330k HLFH
S, EEEEGER trif
Adjustable switch peak current limit. An external resistor should be connected
27 ILIM | between this pin and GND.
A N BRE B B I, AR R 3 .
28 COMP 0 Output of the internal error amplifier, the loop compensation network should be
connected between this pin and the AGND pin. P4 fMZ
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B SPECIFICATIONS'

® Absolute Maximum Ratings?

PARAMETER Symbol MIN MAX UNIT
VOUT, PVDD, AVDD VIN -0.3 18 \%
SW Vsw -0.3 22 \%
Voltage range Iéll\’}': LINN, RINP, RINN, Vi -0.3 5.8 \%
ENB, VCC, SS, COMP Vi -0.3 7 Y
ILIM, FB Vi -0.3 3.6 \%
Operating temperature range Ta -40 85 C
Operating junction temperature range Ts -40 150 C
Storage temperature range Tste -50 150 C

® Recommended Operating Condition

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
VBAT supply voltage range VIN 2.7 3.7 15 \%
Output voltage range (VOUT, AVDD, PVDD) Vour 4.5 15 \%
High-level input voltage of ENA, spread spectrum Venar o5 55 Vv
enabled
Middle-level input voltage of ENA, spread
spectrum disabled Venau 1.7 2.1 v
Low-level input voltage of ENA, amplifier
shutdown VENAL 0 0 0.8
High-level input voltage of ENB VENBH 15 5.5
Low-level input voltage of ENB VENBL 0 0.4 \%
ENB internal pull-down resistor Rens 800 kQ
Inductance L 1 10 uH
Operating temperature Ta -40 25 85 C
Load impedance RL 3.2 Q
® Electrical Characteristics
Boost Converter
PARAMETER Symbol CONDITION MIN TYP MAX UNIT
Output voltage range Vour 4.5 15 \Y,
Output overvoltage
protection Vove 18 v
Under-voltage lockout v Rising 2.7 \
(UVLO) threshold for VOUT VLo Falling 25 v
rCI?iiference voltage at the FB Ves 1.204 v
Soft-start charging current Iss 5 UuA
Veat = 3.6V, Vour = 12V, light load 5.7
VCC regulation VCC Vear = 3.6V, Vourt = 12V, lLoap =
5.3
0.5A
I[i3r$1iciSt converter input current L Rim = 130k 13 A
Boost converter frequency fsoosT Rereq = 330K, Vllgvz 3.7V, VOUT = 360 kHz

Audio Amplifier

1 Depending on parts and PCB layout, characteristics may be changed.

2 Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings only,
and functional operation of the device at these or any other conditions beyond those indicated under recommended operating conditions is
not implied. Exposure to absolute—-maximum-rated conditions for extended periods may affect device reliability

Copyright©2023, Heroic Technology -6- 03/2023 - V1.0
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PARAMETER Symbol CONDITION MIN | TYP MAX [ UNIT
Amplifier —Output Offset | .o | v = ov, Gain = 32dB 15 mv
Voltage
Quiescent supply current in lso Vear = 3.7V 1 UA
SD mode Vear = 7.4V 24 UA

VBAT = 3.7V, PVDD =9V, ENA=ENB=H 34 mA
. . VBAT = 3.7V, PVDD = 12.5V, ENA=ENB=H 55 mA
Operating quiescent current IBAT
VBAT = 7.4V, PVDD = 16V, ENA=ENB=H 39 mA
VBAT = 7.4V, PVDD = 12.5V, ENA=ENB=H 26 mA
GAIN=H, Rin = 0kQ 31.8 dB
System Gain Gain GAIN=H, Rin = 10kQ 25.8 dB
GAIN=L, Rin = 0kQ 175 dB
Turn-on time ton 40 ms
Turn-off time toff Pull \SD low 5 us
Total harmonic distortion |\ | po=0.25W, R.=4Q, f=1kHz 0.02 %
plus noise
f=20Hz~20kHz, A-weighted, GAIN=L, RIN=0 75 MVims
Noise output voltage Vn f=20Hz~20kHz, A-weighted, GAIN=H,
_ 130 |.1Vrms
RIN=10
Class D switching frequency fclass-D 360 kHz
Spread frequency range +15 kHz
GVDD regulation GVDD 5 \Y,
Over current trip point OCP 7.5 A
Boost Converter + Class D
PARAMETER Symbol CONDITION MIN TYP MAX UNIT
Vear= 4.2V, PVDD =9V, Ri=4Q, Po = 80
Effici Cl D + Boost 2x10W %
iciency (Class 0ost) n Vear=8.4V, PVDD = 14.8V R.=4Q, Po . °
= 2x40W
Thermal shutdown threshold Tsp 150
Thermal shutdown
hysteresis Tso_nvs 20
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Power specifications

. Power supply
Condition UNIT
3.3V 3.7V 4.2V 6.5V 7.2V 8.4V 12v
Load=40ohm THD+N=1% 21.7 21.7 21.7 21.7 W
PVDD=14.8V THD+N=10% 22.6 25.6 26.6 26.6 W
Load=40ohm THD+N=1% 15.8 16.0 16.0 16.0 W
PVDD=12.5V THD+N=10% 20.0 20.0 20.0 20.0 w
Load=4ohm, THD+N=1% 8.2 8.2 8.2 w
PVDD=9V THD+N=10% [ 9.70 10.2 10.2 W
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B TYPICAL OPERATING CHARACTERISTICS

Quiescent Current

Shutdown Current

100 50
00 \ — ENB=L, Bypass
\ PVDD=9V oceked
L e ENA=ENB=L, FB=521
80 \ ——PVDD=12.5V 40
70 T
- \ =—PFVDD-16Y — /
3 60 L
T; 50 \ \ E /
] -]
o b \ \ =20
30 77\777% /
20 10
10
0 0
3 4 5 6 7 8 9 10 11 12 3 4 5 6 7 8 9 10 11 12
Vaar (V) Vaar (V)
Povsn Povsn
100 100
90 90
80 80
70 / Load = 4ohm 70 /_
/ f = 1kHz /
60 I BTL 60 I
50 £ 50
=] VBAT=8.4V =
40 40 =
Load = 4ohm
30 30 fin= 1kHZ
20 PVDD=14-8Y 20 BTL PYBD=0V
10 10 VBAT=4.2V
0 0
0 10 20 30 40 50 Q 5 10 15 20
Po(W) Po(W)
Relative Level (1.00000 kHz)
50 2022/6/29 20:19:02.257
' Ap Data
45 2 Wchi
4.0 W ch2
3.5
3.0
25
2.0
15
10
3;0‘5
;’: 0
‘T%DE
=
1.5
-2.0
-2.5
-3.0
s Frequency respond
-4.0 . .
e (Cin = 1uF, Rin=10k,
., Gain=H)
20 30 50 100 200 300 500 13 2k 3k Sk 10k 20k
Frequency (Hz)
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RL = 4ohm, fin = 1kHz, VBAT = 4.2V, PVDD=9V, RiLim = 130k, unless otherwise specified.

THO+N Eatio vs Measured Level
2022/6/3010:04:03.666

A5
200

100
50

THD +M Ratio (%)
=3
n

0.005 Output power vs THD+N

0.002

0.001

0.0005
10m 20m 50m 100m 200m 500m 1
Measured Level (W)

THO+H Eatio vs Measured Level
2022/6/3010:07:03.274

@ Data
200 W
100 W ch2

50

THD +M Ratio (%)
=3
in

Output power vs THD+N

0.002

0.001 VBAT = 3.3V

0.0005
10m

20m 50m 100m 200m

500m 1
Measured Level (W)

THO+F Ratio
2022/6/30 10:03:02.116

)

(AN 19437 Sl

800m

0.05

THD +N Ratio (%]
=

600m
500m

400m

300m
0.002

0.001 200m frequency vs THD+N

0.0005

wo0cz (Po = 2x1W)

0.0001 100m
20 30 50 100 200 300 Tk 2k 3k 5k 10k

500
Frequency (Hz)

Copyright©2023, Heroic Technology -11- 03/2023 - V1.0



i@ HEROIC HT81696

Stereo Class D Amplifier with Boost Converter

THO+F Ratio
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B APPLICATION INFORMATION

1. Boost Converter

The integrated boost converter operates at a quasi-constant
frequency pulse width modulation (PWM) in moderate to
heavy load condition. The boost converter improves the
efficiency at light load with the PFM mode.

1.1 Enable and Startup (ENB and SS pin)

The 81696 has an adjustable soft start function to prevent
high inrush current during start-up. To minimize the inrush
current during start-up, an external capacitor, connected to
the SS pin and charged with a constant current, is used to
slowly ramp up the internal positive input of the error
amplifier. The larger the capacitance at the SS pin, the slower
the ramp of the output voltage and the longer the soft-start
time. A 1uF capacitor is usually sufficient for most
applications.

HT81696 integrates two modes with different tr/tf. With a
single capacitor (Css) connected betweeen SS/EMI pin and
Ground, the mode with steep tr/tf will be selected, HT81696
operates with a higher efficiency and poorer EMI
performance. However, if a capacitor (Css) paralleled with a
resistor 330k (Remi) is placed between SS/EMI pin and
Ground, the mode with flatter tr/tf is selected, HT81696
operates with a lower efficiency and better EMI performance.

When the ENB pin is pulled into logic low (below 0.4V), the
boost converter stops switching and goes into bypass mode
(the amplifier power is powered directly by input power
supply through Schottky diode).

Only when ENB pin is pulled into logic high (above 1.5V),
the boost converter works.

HT81696 P& F &, fEdEE#n;, TAEE
I [E s A PWM S 5 2. BREr, ) T4k
7 PFM 2.

HT81696 EAHJHZIIRE, LLkkf fE 2t
R R . SS A2, Al B
IR, B R, B8 BN AR B E LR,
1uF HLZE ]l 2 oK .

HT81696 A WFIAN[E tr/tf B[] (AR =,
Y SS/IEMI 5] 35— AN 25 (Css) B MRS, tr/tf
e, LB HT81696 HIZAHKH &, {H EMI KL
B 22 X4 SS/EMI 5 % —> H1 45 (Css) FEBK 330k
HL R 2R, t/tf BEZZ, SRS HT81696 FRHR T
ik, {H EMI KIE LT,

4 ENB MK ONT 0.4V) B, FHERH,

BEN B, Dt i ddim A\ 28 R
B HAE A,

4 ENB =T 1.5V B, FETAE.

1.2 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. The peak switch current limit
can be set by a resistor (Ri.im) at the ILIM pin to
ground. The relationship between the current limit and
the resistance is as the following equation, or figure.
The current limit should be set lower than 14A.

RILIM)
1k

—0.95

ILIM = 1338 x (

R TR AM ARG, HT81696 H A 1XH
PR IIRE . M SIS B RAE S, Rim/E iR
BOCH . TP IRE AT ILIM A0 4 1t Fe B
Rium 7T, W1 A ak il 28 B . W8 AE H i PR 8 %
BR/NT 14A.

Ripim 095
)

ILIM = 1338 x (

Rium VS lum

——HT81696

T CAD

o
100 120 140 160

180 200 220 240

Rini(ke2)
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Figure 1 Peak Current Limit (ILIM) vs ILIM terminal resistor (RiLim)

1.3 Output Voltage Setting (FB pin)

The output voltage is set by an external resistor divider
(Rup, Rpn in the Typical Application Circuit). To get
the output voltage Vour, the Value of Ryp and Rpn can
be calculated as:

Ryp
Vour = Veer X (1 + R )
DN

s Vour FIEE FB B Nz HLBH Ryp,

Rpn Y75

Ryp
Vour = Veer X (1 + R )
DN

Hrb, Vger = 1.204V

PR R BB AR
Where Vrer = 1.204V.
Some typical output voltages can be set as the
following parameters.
Vout(V) Rur(Q) Ron(Q)
7.4 510k 100k
9 520k 82k
12.5 520k 56k
14.8 510k 47k
1.4 Inductor Selection (SW pin)
Because the selection of the inductor affects the power FE BRI, BB RS NsiTRAE

supply’s steady state operation, transient behavior,
loop stability, and boost converter efficiency, the
inductor is the most important component in switching
power regulator design. Three most important
specifications to the performance of the inductor are
the inductor value, DC resistance, and saturation
current.

To be simplified, the inductor value can be set as
2.2uH or 4.7uH which can be used in most cases.

The rated current, especially the saturation current
should be larger than the peak current during the
whole operation. The peak current can be calculated as
follows:

Mo R R E B =S4 BE&ME, DCR,
PR LA

fa PR, HRUBCE ATLEHE 2.2uH B 4.7uH, W]

i A2 K2 BN T 2% A

HUBI A0S U el A i, A 20K T

BABATH T IR . Ve T
e e

Ipp

ILpeak =Ipc + 7

IDC -

_ Vour X Ioyr
Vin X1

Ipp =

L X ———
(VOUT —Vin

1
+m)><ﬁ;w
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Boost converter efficiency is affected significantly by
the inductor’s DC resistance (DCR), equivalent series
resistance (ESR) at the switching frequency, and the
core loss. An inductor with lower DCR and ESR
would increase the efficiency significantly.

The inductor should be placed as close as possible to
the SW pin. For a lower EMI radiation, connecting a
resistor Rsw (Typ. 1ohm) and a capacitor Csw (Typ.
3.3nF) in series from SW to the ground, and also a
resistor Rsw (Typ. 1ohm) and a capacitor Csw (Typ.
1nF) in series from SW to the output voltage terminal
(the cathode of Schottky diode) would be helpful.

THER 52 UK IIDCR. T R348 L
ESR. DURBRBIRZMECK . (EHEAKAIDCRA
ESRIMTHUE, WHEREARAER.

FE N R A e SEIT SW IR 1k SW I $2—
NHEFTHEZ (HAYE 1ohm #1 3.3nF) F#h, SW
JHI R 2 — AN FBH A LY (JAME 1ohm AT 1nF)
o CH R AR IR AT A R
(K] EMI %8 5t

1.5 Input and Output Capacitor Selection (Vpar, VCC, GVDD, AVCC, VOUT, PVDD pin)

For good input voltage filtering and small voltage
ripple (less than 100mV is required), we recommend
low-ESR capacitors of 10uF//220uF (“//” represents
paralleled) be placed as close as possible to the
inductor (VBAT).

The VOUT pin is the power supply for boost
converter, the AVCC pin is the analog power supply
for amplifier, a 1uF should be placed as close as
possible to them.

The VCC and GVDD pin is the output of internal
LDO. A ceramic capacitor of 1uF is required at VCC
and GVDD pin to get a stable operation of LDO.

To be simplified, we recommend low-ESR capacitors
of 0.1uF//1uF//220uF (*“//” represents paralleled) be
placed as close as possible to the output terminal of
boost converter (Schottky diode) .

Capacitors can lose most of their capacitance at rated
voltage. Therefore, leave margin on the voltage rating
to ensure adequate effective capacitance.

1.6 6.4 Loop Stability (COMP pin)

The boost converter requires external compensation,
which allows the loop response to be optimized for
each application. The COMP pin is the output of the
internal error amplifier. An external compensation
network comprised of resister Rc, ceramic capacitors
Cc and Cp is connected to the COMP pin.

N T N HUE PR E MR R AP pE, EE
JEf NI (VBAT) JIN 10uF//220uF )1 HL 25
F)h .

VOUT F1 AVCC fHI4y 5l & T Hs HiL % A 44 He
JEANTRE AL R, ECECE 1uF A

VCC F11 GVDD & i) —4~ LDO %t , 75
B HEE A 1uF HEFH.,

T B H PR it (B A AR ), R UUE
0.1uF//1uF//220uF [ FEEEHL 23 21 Hh, HE 25 B 4E HL
E A R IIRE,

HT81696 75 EL /M A M FEL %,  LAE AR
IR NS B . FME 2 COMPHIZMEZ 1)
Rcv Ccfll Cpo
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To be simplified, RC is 33kQ, CC is 3.3nF, and CP is
150pF. But notice that this setting can only be adopted
in most cases. In detail, the compensation network
parameters can be calculated as follows.

(1) Set the cross over frequency, fc

The first step is to set the loop crossover frequency,
fc. The higher crossover frequency, the faster the loop
response is. It is generally accepted that the loop gain
cross over no higher than the lower of either 1/10 of
the switching frequency, fsw, or 1/5 of the RHPZ
frequency, frupz. It’s proper to use a fixed parameter
of 10kHz for fc.

_ RO X (1 - D)Z
fRHPZ - 21 X L

(2) Set the compensation resistor, Re.

_ 21 X Voyr X Rsense X fc X Co

€ (1 —=D) X Vggr X Gga
(3) Set the compensation zero capacitor, Cc
Ry X Cyp
¢ T 2XR,

(4) Set the compensation pole capacitor, Cp
_ Rpsp X Cp
P= —Rc
If the Cp is less than 10pF, it can be left open.
* Ro is the output load resistance.

* D is the switching duty cycle. 1 -D =V /
Vour

* Reense s the equivalent internal current sense
resistor, which is 0.084 Q.

* Co is output capacitor.

* Vrer is the reference voltage at the FB pin,
which is 1.204V.

* Gga is the amplifier’s transconductance, which
is 190uA/V.

* Rgsr is the equivalent series resistance of the
output capacitor.

HEHIEM T, Re33k. Cc 3.3nF Cp 150pF 0] 2 M.
H, AR AT REAEEANE I DL BRI, Ml
ESHAT IR N PR E .

(L WEZ X% fc

A X IR, PR SRR . — R 1710
fow> BX 1/5 frupz, B E ) 10kHzo

Ry X (1 — D)?
frupz =W
(2) #HERc
R, = 27t X Voyr X Rsense X fc X Co
(1= D) X Vggr X Ggg
(3) WHE Cc
Ry % C,
¢~ 2XR,
(4) WECp
Rgsg X Co
Cp =—Rc

WE Cp /T 10pF, HAlLE=Z.
Hrp:

Ro J2 i th 55 2 87 2 BHAA

DAL 4stk, 1-D=V/Vour
Rsense /& Wl 5 U FELFH, 24 0.084 Q
Co &k H L2

Vrer 72 FB 1%, 4 1.204V;

Gea &S, N 190uA/V;

Resr 72 il H HLZS 1 56 2005 16 FELRHL
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1.7 Schottky Diode selection

Schottky diode with fast recovery times and low 1 B i R N B PR I ] A 1E ) HL S
forward voltages are recommended. Ensure the diode AR A 1 Y005 I . WA &5 FR R R
average and peak current rating exceed the average tiy L ST 44) PR R A L . RO, ARSI R
output current and peak inductor current. In addition, [ 25 Hh P A T L BT

the diode’s reverse breakdown voltage must exceed the
output voltage.

2. Class D Audio Amplifier

The integrated audio power amplifier operates at Class D HT81696 M & DK &M, HAEE
operation. The power supply of the amplifier (PVDDR and B HL AL, [RttPVDDLFIPVDDR & E ik
PVDDL) is supplied from the output voltage of the boost ZVOUT. PVDDLE I i g sy,
converter. Therefore, PVDDR and PVDDL should be PVDDR & T A 58 58 0 B, 245 50

connected to VOUT. The PVDDL feeds the power stage of L T b e
channel and the PVDDR feeds the power stage of R channel. 100nF//uF//220uF [ 3 ERIE 2 LA S

Filtering capacitors of 100nF//1uF//220uF for PVDD of each GVDDJ& W #BILDO% i, ZEiN TuF Hi2%
channel should be placed close to the PVDD pin. Sl Hh.

The GVDD pin is the output of internal LDO. A ceramic
capacitor of 1uF is required at the VCC pin to get a stable
operation of LDO.

2.1 Amplifier Input Configuration

HT81696 integrates an amplifier with analog input HT81696 =7 7 7 43 % N\ B R N o
ol il or Gl For Spdermal AN, OSBRI C b
’ - . L, B RS R
cut capacitors (Civ). The high pass cut-off frequency of S INHAIN-, S8 a4
input signal can be calculated by f.= 1
1 ¢ 2m(External Ry + Internal Ryy) X Ciy
fe= 2r(External Ry + Internal Ryy) X Ciy L ONEEAONE
The input signal gain is calculated by Gain = 20 x log ( Rr )
) Rp External Riy+Internal Ry
Gain =20 X log (Exte‘rnal RiNtInternal RIN)' i—’l Gain Tj%ﬂﬂ‘, internal RF=390k, internal Ril’lzl()k;
When Gain = H, The internal Rr=390k, internal 4 Gain H7fikHf, The internal RF=390Kk, internal
Rin=10k; When Gain = L, The internal Rg=390k, Rin=52k.
internal Rin=52k. BImm AR, F92MARBEHEA Cn EHEE
For a single-ended operation, input signals to IN+ pin IN+, IN-32AH [5] %\ H 25 3 i

via a DC-cut capacitor (Ci). IN- pin should be
connected to ground via a DC-cut capacitor (with the
same value of Civ).

Front Cincuit Front Circuit

P (M
_-{ External Intermal

T

zuur_{ R - R

Figure 2 (1) Differential Input; (2) Single-ended Input
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2.2 Amplifier Output Configuration

The HT81696 can be used with a simple ferrite bead filter for HT81696/F 44 N 34, Tl % FHEERAE
some applications. One important aspect of the ferrite bead PGS ST RERR RS, AFEMRSER A
selection is the type of material used in the ferrite bead. Not HARFERE, Xk —R~7E10M ~ 100MHz
all ferrite material is alike, so it is important to select a WETL. R, T A Al AnFIG T e

material that is effective in the 10 to 100 MHz range which is
key to the operation of the class-D amplifier. The impedance
of the ferrite bead can be used along with a small capacitor
with a value in the range of 1000 pF to reduce the frequency
spectrum of the signal to an acceptable level. For best
performance, the resonant frequency of the ferrite bead/
capacitor filter should be less than 10 MHz. Also, the filter
capacitor can be increased if necessary, with some impact on
efficiency.

U, PRI NN T 10MHZ,

120R Bead = .F
Or 10uH neor

o 0.68UF
—AAANTT

inF or
120R Bead I 0.681F
Or 10uH N

Figure 3 Output Filters Configurations

There may be a few circuit instances where it is necessary to FEFELC AT, 0 A To AR e SR

add a complete LC reconstruction filter. These circumstances %, BREMIGE & e LA BIFRTE, Wi EEALC
might occur if there are nearby circuits which are sensitive to B

noise. In these cases, a classic second order Butterworth filter
similar to those shown in the figures below can be used.
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2.4 Shutdown

The HT81696 employs a shutdown mode of operation
designed to reduce supply current (IDD) to the absolute
minimum level during periods of nonuse for power
conservation. The ENA input terminal should be held high
during normal operation when the amplifier is in use. Pulling
ENA low will put the outputs to mute and the amplifier to
enter a low-current state. It is not recommended to leave
ENA unconnected and pull \SD down less than 100us,
because amplifier operation would be unpredictable.

For a better power on and power-off pop performance, place
the amplifier in the shutdown mode prior to delivering or
removing the power supply.

To be simplified, ENA and ENB can be connected to logic
high or logic low. When logic high, the whole chip works.
And when logic low, the whole chop shutdown.

2.5 Spread Spectrum

The HT81696 device has built-in spread spectrum control of
the oscillator frequency and de-phase of the PWM outputs to
improve EMI performance. The spread spectrum scheme is
internally fixed and by setting the ENA pin above 2.5V to
turn on.

3. Protection Functions

3.1 Over Temperature Protection (OTP)

When the on-die temperature of HT81696 is higher than
150°C, the OTP mode is activated, the differential output pin
becomes weak low state (a state grounded though resistivity),
the boost converter stops switching and the ENA pin is
pulled low. When the one-die temperature falls below
typically 130°C, the device start working again.

HT81696 HL A kWi Thee, LUEE i AMK
IFERES . MENASL RS, &3 TR
A HENAFAERES, &H#EANWOIRE

ENARECEZS, A EI\SDIKH 1)
RE/NF100us, FHFTHEREARE -

R, R pop, fE L. FH
A, R DR IE N K WTIRAS .

T H], ENARIENBH] DLJE 7E ik
i, bR, SR A TAE;  HER R,
R AR

HT81696 LA H #ThaE, LAHEFEMIEK
Mo HokWrThae, DM AMMRIDFEIRES
MENAHLE & T2.5VE, ZIhEEF S .

HT81696 4 & T-150°C i, & OTP{#
PIhEeE s, Thilcelr. FHEE IR, ENA
Pifk. ME, OHMKT130C)E, SHEHFKE
TAE,
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3.2 DC Detect Protection (DCP)

The HT81696 has circuitry which will protect the speakers
from DC current which might occur due to an internal
amplifier error. A DC detect fault will pull ENA low. The DC
Detect fault will also cause the amplifier to shutdown by
changing the state of the outputs to Hi-Z.

A DCE event occurs when the output differential duty-cycle
of either channel exceeds 60% for more than 420 msec at the
same polarity. The table below shows some examples of the
typical DCE Protection threshold for several values of the
supply voltage. This feature protects the speaker from large
DC currents or AC currents less than 2 Hz.

3.3 Short-Circuit Protection (OCP)

The HT81696 has protection from over current conditions
caused by a short circuit on the output stage. The amplifier
outputs are switched to a high impedance state when the
short circuit protection latch is engaged. The short circuit
protection fault is reported on the ENA pin as a low state.

When OCP or OTP or DCP error is detected, the ENA pin
will be pulled low. After a delay time (typically 1.3s),
HT81696 will try restart.

3.4 Under-Voltage Protection (UVP)

The UVP circuit prevents the device from malfunctioning at
low input voltage and the battery from excessive discharge.
The HT81696 has both VOUT UVP function and VCC UVP
function. It disables the device from switching when the
falling voltage at the VINB pin trips the UVP threshold
typically 2.4V. The device starts operating when the rising
voltage at the VINB pin is above 2.6V. It also disables the
device when the falling voltage at the VCC pin trips typically
2.1V

3.5 Over-Voltage Protection (OVP)

The HT81696 device monitors the voltage on VOUT. If the
output voltage at the VOUT pin is detected above 18V
(typical value), the boost converter stops switching
immediately until the voltage at the VOUT pin drops the
hysteresis value lower than the output overvoltage protection
threshold. This function prevents overvoltage on the output
and secures the circuits connected to the output from
excessive overvoltage.

HT81696 LA i frRiThhE, LARI AT RE
IR\ ELRAE 5 o PRI IhRE R AERY, ENA%L
X, TRk,

2% H AN IEIE 1) 22 4045 5 A TR — B MR
25 LT 60% 3147 4429ms UL, BRI
REFF I

MHT81696%m H &6 1M A AL b it , (O H
SRR, SR RE, ENARK.

2 OCP, OTP, DCP AR, ENAXJE#E i
ik, Zit1.3s, HT81696<> 22 B JE 5 o

HT81696 EL A K LRy Thie, LARG IhE A
HL R A

MVOUT/NT24VES, RIERYES), T+
JERM. H[VINBE 2.7V, FHEEHITE.

MVCCHEMK T2 1V, FHE EFECH

HT8169645 MIVOUTHL &, 47 & 4!
VOUTH I 2 & T 18V, FHEXMH, BT
VOUT HL 5 P&
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4. Typical Circuit Diagram
Im

VING gL —Lcm‘

T 4700F T Tqu
| L

cB7

c
R 41»“\‘33'( 3.3nF
RB7
‘ 31T_ comg ©
:f L 1

JI»“\:LHF

ILIM_R “‘R,L,M

J1
2

1
PVDD

R ‘ \ |330KNC

M»

n

L1 12
A

10uH/5.8A

2
UTL +

OUTL-
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“‘Lm i
%uF |
111

1uF
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LBSP
LouTpP
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B PACKAGE OUTLINE

b

S

ELEEELEEEEE 5
L

[T
[T

E2
AN

LN
T
v Dimensions [n Millimeters
L{— Symbol
Min Max
LR L r TS I e
PIN#1 D1 o | Al 0 0.1
| A2 0.800 1. 050
b 0. 190 0. 300
¢ 0.090 0. 200
= D 9.600 9.800
<
DI 5.908 6.108
B B E o0 | oow
< o~
1\ 7 = El 4. 300 4.500
E2 2. 253 2.453
0. 650 (BSC)
L 0. 450 0.750
] 0 8
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IMPORTANT NOTICE

Heroic Electronic Technology (Jiaxing) Co., Ltd (HT) reserves the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue any products or
services. Customers should obtain the latest relevant information before placing orders and should verify that such
information is current and complete.

R FREL GEXD RO ARAR (BUNFERRHT) CREX ™5 RS SCRREMIESL EIE. 5. oMl
A, s SRR R AR HIBUR o 2P 75N BANAE P B S DR 4 21 015 2 Bk, e B .

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

HT S HH 0 2 B8 50 BRI B B DA K 2 7 7 Bt R AR R T AN AR AT AR DA E

HT products are not authorized for use in safety-critical applications (such as life support devices or systems) where a
failure of the HT product would reasonably be expected to affect the safety or effectiveness of that devices or systems.

HT ™ i AR T i A dr e RR i & S22 e AR s i R A

The information included herein is believed to be accurate and reliable. However, HT assumes no responsibility for its
use; nor for any infringement of patents or other rights of third parties which may result from its use.

ASCH IS B ARSI EER), [EHTIFAX A DT, WA AT B2 H L FA1 2 =7 M B2 3 11 5t

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

T T AT DAIBAR B 2 7] IR AH GBI 2 07 3

RIFHE TR (X BhHIRA A

Heroic Electronic Technology (Jiaxing) Co., Ltd.

ks AL TR AV 3339 SIRCREAME =

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

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

Fax: 0573-82585078

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

Wechat MP: HEROIC_JX

T R RE R E TG AT, BN SREGER ™ 5 S HOR Bk}
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