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30W Boosted Mono Class D/AB Amplifier

B FEATURES

+ Anti-Clipping Function (ACF)

- Spread spectrum technology

- Output Power
28W (Vear=7.2V, R.=4Q, THD+N=10%, PVDD =
15.5V, fin = 1kHZ)
22W (Vear=7.2V, R.=4Q, THD+N=1%, PVDD =
15.5V, fin = 1kHZ)
16.5W (VBar=3.7V, R.=4Q, THD+N=10%, PVDD =
12V, fin = 1kHz)
12.8W (Vear=3.7V, R.=4Q, THD+N=1%, PVDD =
12V, fin = 1kHz)

- Power Supply Vgar: 3.0V~12V

- Integrates High Efficiency Boost Converter
-Adjustable voltage by external resistor

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

- Both Class D and Class AB are available

= Over Current Protection, Thermal Protection, over

voltage protection function included
- Pb-Free Packages, ESOP16

B APPLICATIONS
- Bluetooth/Wi-Fi Speakers - Portable Speakers

- Smart speakers * Smart Home

- BIHITIL B INRE(BIAK S, Anti-Clipping Function,
ACF)
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28W (Vear=7.2V, R-4Q, THD+N=10%, PVDD =
15.5V, fin = 1kHz)
22W (Vear=7.2V, R-4Q, THD+N=1%, PVDD =
15.5V, fin = 1kHZ)

16.5W (Vear=3.7V, R.-4Q, THD+N=10%, PVDD =
12V, fin = 1kHz)

12.8W (Vear=3.7V, R1=4Q, THD+N=1%, PVDD =
12V, fin = 1kHz)

- VearfHEESBE: 3.0VE12V
- REERTHE
-A B /MR IR E T (A
-AEDERANRAE, B LEEIthISE
- ABZRFIDZEAT ]
- (RIFThREIE TR/ Y S R RIFThEE
- FoEhEy%, ESOP16

- TEF/ Wi-Fis s

=L

- (BEVER
- BRERE

Copyright©2023, Heroic Technology

07/2023 - V0.5



i3, HEROIC
‘ / technology,

HT81697
Boosted Class D/AB Amplifier

B DESCRIPTION

HT81697, integrated with a boost converter, is a mono
Class D/Class AB audio amplifier that drives up to
continuous 28W (10% THD+N, 1kHz) into 4ohm speaker
from two Li-batteries in series boosted to 15.5V.

HT81697 integrates a boost converter that generates a
power supply for the power amplifier, so that a higher power
can be achieved. The output voltage of boost converter can
be configured by external resistors. Configurable current
limit is adopted to avoid accidental large peak current.

HT81697 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 supplies 3 different ACF mode with
different audio experience, and also ACF OFF mode.

HT81697 integrates Spread Spectrum Control technology
to achieve advanced EMI suppression. If EMI issue is highly
concerned, the boost converter can be disabled and the
amplifier can be switched to Class AB.

As for protection function, over current protection function
for speaker output terminals, over temperature protection
function and over voltage protection for boost converter
output are also prepared.

HT81697 /& — 7k N B J I ¥ B 75 i DR /AB 2
AN TRORAR,  FOOUT 4 EE v B AL F T R
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B TYPICAL APPLICATION
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B ORDERING INFORMATION

Part Number Package Type Marking Operatlng;negn;perature Shipping Package / MOQ
HT81697 “~ are Tape and Reel (R) /
HT81697SPER ESOP16 (SPE) YYYMAABL -40°C~85C 2500pcs
HT81697 o are
HT81697SPET ESOP16 (SPE) YYYMAAB 40C~85C Tube (T) / 50pcs

Part Number

HT81697 SPE

R
\—> Shipping Package

Package Type

v

v

Model

Production Tracking Code

YYY M AA

Random Code

Lot Number

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

|
v v v {

Internal Code

L YYYMAAB is production tracking code
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B TERMINAL CONFIGURATION

o \_/
comp [T [ T 1 im
- 1
vee LIz} | | =11 ss
I I
FB 1T I | [ 7 T1 sw
I I
pvop O] | . A i m [
I GND I
outn CI—=F | | 2T LpoN
I I
oure (T2 | R i Y
I I
toor LI} | | = T1mp
cTrR. I3} 9 T1 NN
HT81697 Top View
B TERMINAL FUNCTION
Terminal No. _
Name 1/0* Description
HT81697
1 COMP 0 Output of the internal error amplifier, the loop compensation network should be
connected between this pin and the GND pin. PESAMEJE, H2M2H K FIGND.
2 vCC o Voltage regulator, connect 1uF to GND. HLJERTT 8%, $EL1uFEH.
3 FB I Voltage feedback. H = 151
4 PVDD P Power supply. FLE L
5 OUTN 0 Negative pin for differential speaker amplifier. #iyH £ %
6 OUTP 0 Positive pin for differential speaker amplifier output. %y 1F %
7 LDOP 0 Internal LDO output, connect 1uF to PVDD. M #BLDO%iH, #1uF#IPVDD
8 CTRL I Amplifier working mode selection terminal LJjji T /EA = 15 &
9 INN | Negative input (differential-) for audio amplifier. i A £ ity
10 INP I Positive input (differential+) for audio amplifier. Th% A IE ifi
11 ACF 0 ACF mode selection terminal. ACF# 3% & i
12 LDON 0 Internal LDO output, connect 1uF to GND. N #LDO%iH, #1uFFIGND
13 ENB I Enable terminal for the boost converter. JI < fi G& ity
14 SW I Boost and rectifying switch input. JH & 33 T 55 A i
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 shi% &
15 ss o i, B AR,
Also used as mode selection for different tr/tf of the boost converter, an external resistor
330k connected to ground selects a flatter tr/tf. [FIAS/E T s LB trtf s B BT, 24 R
HMELS330K FLBH BN, PR It/ .
16 ILIM | Adjustable switch peak current limit. An external resistor should be connected between
this pin and GND. & KPR fE % B i, Sh 4 i 3.
Provides both electrical and thermal connection from the device to the board. A matching
Ep GND G ground pad must be provided on the PCB and the device connected to it via solder. For
proper electrical operation, this ground pad must be connected to the system ground. F%
M, SURBHPAD

L I: Input; O: Output; G: Ground; P: Power; BST: BOOT Strap;
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B SPECIFICATIONS'

® Absolute Maximum Ratings 2

PARAMETER Symbol MIN TYP MAX UNIT

PVDD voltage PVDD -0.3 18 \%
SW voltage Vsw -0.3 22 \%
Input Voltages (INP, INN, CTRL, ENB) Vi -0.3 5.8 \%
Input Voltages (ILIM, FB) -0.3 3.6 \%
Moisture Sensitivity Level (MSL) MSL3

Ambient Operating Temperature TA -40 85 T
Junction Temperature Ty -40 150 C
Storage Temperature Tste -40 150 C

® Recommended Operating Conditions

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
Power supply voltage for Vear VBAT 3 12 Vv
Output voltage PVDD 16 \%
Ambient Operating Temperature Ta -40 25 85 C
Input Voltages (INP, INN, CTRL, ENB) Vi 0 5.0 \Y,
Load impedance R 4 Q

® Electrical Specification®

Item | Symbol | Conditions Min. Typ. Max. Unit

Input and Output

MODE1 VMoDEL fnpc:g:d spectrum off, Class D 2.3 5.0 v
Input Spread spect Class D
voltage for | MODE2 Viopez | >Pread spectrumon, t1ass 17 1.9 v
CTRL mode
terminal MODE3 VMODE3 Class AB mode 0.8 1.4 V
MODE4 VMoDE4 shutdown 0.5 \Y
MUTE mode, Racr < 10k 0.5 \Y
ACF1 mode, Racr = 33k 0.6 1.0 \Y
ACF pin Voltage Vack ACF2 mode, Racr = 56k 1.2 2.0 \%
ACF3 mode, Racr = 100k 2.2 3.8 \%
ACF off mode, Racr > 200k 4.1 V
ENB high threshold
voltage Venen 15 33 v
ENB low threshold
voltage VENBL 0 0.4 \Y
ENB internal pull-down Rens 800 KO
resistor

! 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.

3 Depending on parts and pattern layout, characteristics may be changed.

Copyright©2023, Heroic Technology -6- 07/2023 - V0.5
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ltem | Symbol Conditions Min. | Typ. | Max. | Unit
BOOST Converter
Maximum Boost PVDD 16 v
converter output voltage
Output overvoltage
protection Vove 18 Vv
Do0st converter facosT VIN = 3.7V, VOUT = 12V 360 KHz
reguency
Under-voltage lockout Rising 2.7 \Y,
(UVLO) threshold for Vuvio ;
PVDD Falling 2.65 \%
Reference voltage at the
FB pin VEs 1.204 \Y
Soft-start charging lss 5 UA
current

Veat = 3.6V, Vour = 12V, light
VCC regulation VCC - IO(;L&T ’ > Y
9 Veat = 3.6V, Vout = 12V, lLoap 53 v
= 0.5A )

Boost converter input | Rim = 130k 13 A
current limit - LM =

Item Symbol Conditions Min. Typ. Max. Unit

Class D/AB Channel Vss=0V, Vsat =3.7 or 7.4V, PVDD = 12V or 15.6V, Ta=25°C, Cin=1uF, Class D mode, ACF-Off
mode, unless otherwise specified

Carrier clock frequency frwm Class D mode 360 kHz
Over current protection Imax Class D mode 8 A
. ) Rin = 0kQ 36 dB
System Gain Gain -
Rin = 20kQ 26 dB
;‘t’irgmon mode rejection | oypp Vic = 0.1V, PVDD = 12V -65 dB
Start-up time (power-on tsTuP 170 ms
or shutdown release)
Turn-off time toff Pull CTRL low 5 us
Delay time of MUTE tmuTe Pull ACF low 22 us
VeaT = 3.6V,
Class D, Boost disabled 43 mA
Vear = 7.4V,
. Class D, Boost disabled 71 mA
Quiescent supply current Iob —
VeaT = 3.6V, 13 mA
Class AB, Boost disabled
Vear = 7.4V,
Class AB, Boost disabled 16 mA
Quiescent supply current | | Vear = 7.4V, Class D 4 mA
in MUTE mode Vear = 7.4V, Class AB 2.7 mA
Quiescent supply current Vear = 7.4V, with FB resistor
; Isp . 40 uA
in shutdown mode consumption
ACF attenuation gain Aa -16 0 dB
PVDD = 12V, working on 5 \Y
LDON
PVDD = 12V, shutdown 4.4 \Y%
LDO output voltage -
PVDD = 12V, working on 7 \Y
LDOP
PVDD = 12V, shutdown 11.9 \Y
Input Bias Voltage VinBlAS 1.65 \%
Po=1.0W, Ri=4Q, f=1kHz, o
Total Harmonic THD+N Class D 0.12 &
Distortion plus Noise Po=1.0W, R.=4Q), f=1kHz, 0.35 %
Class AB, Boost disabled ) 0
. f=20Hz~20kHz, A weighted,
Output Noise VN Av=26dB 115 MVrms
Copyright©2023, Heroic Technology -7- 07/2023 - V0.5
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Output offset voltage Vos +1.5 mV
THD+N=10% Veatr=3.7V, 16.6
f=1kHz, RL=4Q
Output Power in Class D bo THD+N=1% PVDD = 12V 12.8
Mode THD+N=10% VBAT=7.2V, 28
f=1kHz, RL=4Q
VBat=3.7V, w
THD+N=10% f=1kHz, RL.=4Q 1.6
Output Power in Class Po Boost Disabled
AB Mode VBat=7.4V,
THD+N=10% f=1kHz, R.=4Q 7.5
Boost Disabled
Vear=3.7V, RL=4Q+22uH, 72 %
Efficiency (Class D + THD+N = 10%, PVDD=12V
Boost) n VBAT=7.4V, Ri=4Q+22UH, 28 %
THD+N = 10%, PVDD=16V
Vear=3.7V, RL:4Q+22UH, 73 %
Efficiency in Class AB N THD+N = 10%, Boost Disabled
Veatr=7.4V, RL=4Q+22uH, 76 %
THD+N = 10%, Boost Disabled

Copyright©2023, Heroic Technology
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B TYPICAL OPERATING CHARACTERISTICS
Class D Mode
Quiescent Current Shutdown Current
10.00 100.00
Boost Disabled, Class D With FB resistor
*é 6.00 45 60.00 -
a
j - /
4.00 40.00 /
2.00 Working 20.00
——MUTE
0.00 0.00
3 4 5 6 7 8 9 10 11 12 3 4 5 6 7 8 9 10 11 12
Vpar (V) Vgar (V)
Povsn Povsn
100 100
90 —VBAT=3.7V 90 |——MBAT=7.4V
s | PVDD=12V ¢ | PVDD=16V
-0 Load = 4ohm- 0 Load =Achm| |
/tnﬁlkHz in=1kHz
60 f 60 /
£s0 £s0
= =
40 40
30 30
20 20
10 Load =4R 10 Load =4R
0 0
0 5 10 15 20 0 5 10 15 20 25 30 35 40
Po (W) P (W)
Veat = 4V, RL = 40hm, fin = 1kHz, Rium = 150k, PVDD = 12V, Class D Mode, unless otherwise specified
o izt Rl i cucoris 1o i seuicms
35 AP) 50 AP) |1y E
” il — 20 100
2 b 10
20 5
15 - J1
2
. s 1 100m
& 5 = Z
g i;' 0.5 10/
g o . ~ |3
S z 02 \ 1%
E 01 - \ 5
-10 \ 100u
0.05 \
13 | 10w
-20 7). W I R — “
.25 0.01 e
10 0.005 100n
-35 0.002 10n
.40 0.001 -
20 50 100 200 500 1k 2k sk 10k 20k 20 50 100 200 500 k2% sk 10k 20k

Frequency (Hz)

Frequency Respond
Cin=1uF, Ry = 20k

Frequency (Hz)

frequency vs THD+N, Po=1W
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THD +N Ratio (%)
- N

Tm 10m 100m 1 10 100
Measured Level (W)

Output power vs THD+N, f = 1kHz

Vear = 7.2V, RL = 4ohm, fin = 1kHz, Rium = 150k, PVDD = 15.5V, Class D Mode, unless otherwise specified
40 e e e

100 Lt

5 AP =
e 1 50 AP) |
30
| :0\ 100
25— i |
10|
20 . 10
15 L ]
21
1
0 = 1 100m
5 = ‘ =
o= s o5l <
=z =) S| t 104
c 0 = \ 3
3 % 0.2} \ 1 . X
-5 =) | \ %
z 01| |
10 \ 100u
& 0.05 - \
15 : 10
u
20 002~ \
|
.25 0.01 ‘ : » Tu
-30 0.005 | 100n
35 0.002 | 10n
-40 0.001 ‘
20 50 100 200 500 Tk 2k 5k 10k 20k 20 50 100 200 500 1k 2k 5k 10k 20k
Frequency (Hz) Frequency (Hz)

Frequency Respond
Cin=1uF, Rin = 20k

frequency vs THD+N, Po=1W
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02> I
0.1 01 s A1/ YT et
0.05
0.03
0.02
0.01
im 10m 100m 1 10 100
Measured Level (W)
Output power vs THD+N, f = 1kHz
Class AB Mode
Povsn
Ipp VS Vi 100 :
30 o0 -——Boest-Disabled
20 Load = 4ohm
25 -0 fin = LkHz T
/
20 ] 60
- @ / i
Eu 15 ¥ / /
E — — Warking 40 / /
10 MUTE 30
" / / —— VBAT = 7.4V
s 10 / —— VBAT =3.7V
0 0
3 5 7 9 11 13 15 17 0 1 2 3 4 5 6 7 g 9 10
VDD(V)

Po(W)

40 == 100 memo Ly sy
35 AP) 50 AP) |1 f
- 20 100
= — 10
20 g 10
15 1
e e ... o L L. St e 5, 8 B 4 1
10 s 1 A 100m
% 5 E 0.5 - 2 " TQgﬁ'\
20 < ll 3
S s 02 - | I
-5 o
£ 01 ~ .\ 3
10 | 100u
0.05 8 \l
-15 | { 10u
-20 0.02 L
-25 0.01 A 1u
-30 0.005 100n
-35 0.002 10n
-40 0.001 ~ ~
20 50 100 200 500 1k 2k S5k 10k 20k 20 50 100 200 500 1k 2k 5k 10k 20k
Frequency (Hz2) Frequency (H2)
Frequency Respond frequency vs THD+N, Po=0.5W
Cin=1uF, Rin = 20k ’ :
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03[
0.2

THD +N Ratio (%)

0.1

0.05

0.03
0.02

0.01

P

Tm 10m 100m 1 10
Measured Level (W)

Output power vs THD+N, f = 1kHz

VB.“ADT = 7.2V, RL = 4ohm, fin = 1kHz, Boost Disabled, Class AB

100

Mode, unless otherwise specified

‘ 100,
35| ADE 50| AP) |1y
30
Ll _J 20 100
"‘ 10|
20| ‘ ) 10

| ’|
~5‘ | ) USSR A K I N O S NSO S NS 01 1 8 1 ¢ SN S S S (0 5 1
10| ‘ = :: 10§m
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z of ‘ = ' 3
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© g | S 0.2 { e
" ‘ & 03 \ s
-10 | 100u
-15| 0.05| |
‘ &% [ “ 10u
=20 | 02 [ {
.33‘ ‘ 0‘071 '.L — Tu
30| { 0.005 | 100n
,35; ‘ 0.002 10n
-40 - = = - - 0.001 .
20 50 100 200 500 1k 2k sk 10k 20k 2 100 200 500 1k 2k sk 10k 20k
Frequency (H2) Frequency (Hz2)
Frequency Respond frequency vs THD+N, Po=1W
C|N=1UF, R|N = 20k ’
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B APPLICATION INFORMATION

1 Boost Converter

HT81697 consists of a boost converter and an audio amplifier.
The boost converter takes the supply voltage, VBAT, and
increases it to a higher output voltage to drives the audio
amplifier. This improves loudness over non-boosted solutions.
An external inductor and diode should be added for the 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 Output Voltage Setting (FB pin)

The output voltage is set by an external resistor divider

HT81697 & — A IHEAM—A ATl
Horp T e B BOR N B FB L . VBAT FH &2
HEE M HEE, DSRUES I . 1% 3T Tk
(% T2 o 2T R 75 B AN R AR

HT81697 WEMIH L, fERkEm, TiF
FET ] 7€ A5 (1) PWM ) 7 2. 424, 0L
YETE PFM 5.

s Vour AIEE FB 9 N4z HBH Rup,

(Rup, Rpn in the Typical Application Circuit). To get Rpn 75
the output voltage Vour, the Value of Ryp and Rpn can R
be calculated as: Vour = Veer X (1 + R—UP)
DN
R
Vour = Vegr X (1 + Rﬂ) HH, Vger = 1.204V
o A R E AT
Where VREF =1.204V.
Some typical output voltages can be set as the
following parameters.
Vour(V) Rup(Q) Ron(Q)
7.4 510k 100k
9 520k 82k
12.2 510k 56k
15.5 510k 43k

1.2 ILIM

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
(RILIM) 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.

Ry %
Iy = 1338 x ( )
LIM 1k

N TR SNSRI T, HT81697 A4
JAARR R INRE . MR B RABIRRESS, 1K
EOVE S . FF O FRALE I ILIM R 42
H R BH Ryo P17, W R ARz . 1fE g
TR HE W E NN T 14A

R\ %%
Iy = 1338 X (—)
LIM 1k

Copyright©2023, Heroic Technology -14-

07/2023 - V0.5



f"@. HEROIC

s/ technology,

HT81697
Boosted Class D/AB Amplifier

Rium Vs Iym

20

15

—HT81696

10

Tom (A)

100 120 140 160

180 200 220 240

Ry (k)

Figure 1 Switch Current Limit Setting

1.3 Enable and Startup (ENB and SS pin)

The 81697 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.

HT81697 integrates two modes with different tr/tf for the
boost converter. With a single capacitor (Css) connected
betweeen SS/EMI pin and Ground, the mode with steep tr/tf
will be selected, HT81697 operates with a higher efficiency
and poorer EMI performance. However, if a capacitor (Css)
paralleled with a resistor 330k (Rgmi) is placed between
SS/EMI pin and Ground, the mode with flatter tr/tf is selected,
HT81697 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.

1.4 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 Re,
ceramic capacitors Cc and Cp is connected to the COMP pin.
To be simplified, RC is 100kQ, CC is 3.3nF, and CP is 1nF.
But notice that this setting can only be adopted in most cases.
In detail, the compensation network parameters can be
calculated as follows.

HT81697 EAHJHZIThRE, LAk b )5 shid
R R . SS AMEHZE, WETT RS 3h
B, 2R, 0 B TR B E LR,
1uF HLZ AT A K

HT81697 EA MR tr/f i H] i =X
2 SS/IEMI 5| X% — > H1 %5 (Css) BIHI,  tr/tf
FBE, M HT81697 B M i, {H EMI K
W25 2 SS/IEMI 5 fHiH: — A~ B %% (Css) Bk
330k HELFHEIHA, tr/tf BELZ, L HT81697 (1)
EEFEL, H EMI EZIEL

4 ENB Hfik (NT 0.4V) B, FHEICH],
HENEEAE S, DR d i A e R
e B

2 ENB & T 1.5V i, JHETAE.

HT81697 75 EL /M AME FEL% , DS AS A B
FERERIA NS B . AME K E COMP JEI 4
B8 Res CeFl Cpo

HHEBM T, Re100k. Cc3.3nF. Cp InF A
AR N S AEATY P BEAEAEANIE FH B91% O o AR,
FME SRR A DR E .
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(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
2w X L
(2) Set the compensation resistor, Re.

_ 2m X VOUT X Rsense X fC X CO

frupz =

fe = (1 —=D) X Vggr X Gga
(3) Set the compensation zero capacitor, Cc
Ry X Cp
¢~ 2R,
(4) Set the compensation pole capacitor, Cp
Rgsp X Co
Cp=—p—

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

* Rense 18 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.

(1) WEZ IR fc
SRR R, PR SR . — I HY
1/10 fow, BX 1/5 frupz, B[ E 1) 10kHz.

_ROX(I—D)Z
frupz = o X L
(2) WHERc
R =27TXVOUTXRsenseXfCXCO
¢ (1 = D) X Vggp X Ggqa
(3) WHECc
C.=
€7 2xR,
(4) &HCp
Rgsp X Co
Cp=—RZ 20
P R,

WS Cp /M 10pF, HuTLLEZ.

Horr:
Ro & iy H S5 R0 57 3R BEAE 5
DA%, 1-D=Vn/Vour

Resense /& PS8 U FEIE, 4 0.084 Q
Co it FL2

Vrer 72 FB HiJE, 4 1.204V;

Gea 255, N 190uA/V;

Resr A& i H HL2 1) 55 2008 196 L RHL .

A

1.5 BOOST Converter Input and Output Capacitor Cin, Cour

For the capacitor maintaining the supply voltage, the value of
the boost capacitor is determined by the minimum value of
working capacitance required for stability and the maximum
voltage ripple allowed on PVDD in the application. It acts as
a charge reservoir, providing energy faster than the board

supply, thus helping to prevent any droop in the supply voltage.

For the decoupling capacitor, a low equivalent-series-
resistance (ESR) ceramic capacitor is needed. This choice of
capacitor and placement helps with higher frequency
transients, spikes, or digital hash on the line. Additionally,
placing this decoupling capacitor close to the HT81697 is
important, as any parasitic resistance or inductance between
the device and the capacitor causes efficiency loss.

Over all, 1uF//10uF//220uF (paralleled) is highly
recommended to be placed in both input and output terminal
as closely to the pin as possible.

XFTAERE A, HUAHE R BT rh AR SE T Y
/N TAEHZEA PVDD F A ok R 4L
PERFE BRI RE LA AT B T B i A i R

8

X IR A A, (KSR B B (ESR) Y
P T LA AR BN 0 o IR LR I AN JR A
BTS2k BRI QIR o S, KX
FPJEds ¥ ST HT81697 dEH B E:, KNS H
AR 22 [A] FR AT AT 2 A R B Bl FRL R 4 3 B
ES TS

TATE, 7F VBAT 1 PVDD i &0 E
—2H 1uF F1 10uF JE3 B 3, FH T WIsrs
MEEHE, HRAREFRIE SRS, A4,
VBAT A1 PVDD ¥ 75 5 J8UE — M A /T 220uF
[ it R L2 o IX SE HI 25 B DA R O B AR e 2 2
Frol SRR, DU RE D .
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1.6 Inductor Selection and Placement

Because the selection of the inductor affects the power
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:

FHERERIER, HEEmE RAMIBITIRE
Mo EEGERREEM =S5 fE{Y, DCR,
LR LA

fATFROR U, FJBE AT IE R 2.2uH B 4.7uH, W]
PN 2 NN E: 2

LR AT FL S SRR R R, UK T
B IBAT A N B A R . VR E R TR
T

Ipp
ILpeak =Ipc + 7
o= Vour X lour
be Vin X1
Ipp = 1

1
LX(+—————+++—) X
Toor = Vi T V) X fsw

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 and higher
robustness, 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. 3.3nF) in series from SW to the
output voltage terminal (the cathode of Schottky
diode) would be helpful.

1.7 Schottky Diode Selection and Placement

Schottky diode with fast recovery times and low forward
voltages are recommended. Ensure the diode average and peak
current rating exceed the average output current and peak
inductor current. In addition, the diode’s reverse breakdown
voltage must exceed the output voltage.

THER 52 R IIDCR. JT R 451
ESR. DURBRBIRZMECK . 1 B KAIDCRA
ESRMTHE, TWHEREARAE.

FH BN R AT AESEIT SW BB 1E. SW i H f2—
ASHLPEAT S (3 {E 1ohm #1 3.3nF) FHi, SW
[ R — AN H AT B ZE (HALE 1ohm A 3.3nF)
FITF R CH R R R AT R
J EMI AR, FEERTH TSR

P AR 2 R I R A AR ) AT I )
LTS o B DR AR (KT S 0E HLIAL S DAL
PR A ST 22 FRL AT R R LA . RS
TRE A A ok o P R T e L
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2 Analog Signal Input Configuration

HT81697 is an amplifier with analog input (single-ended or
differential).

For a differential operation, input signals into INP and INN
pins via DC-cut capacitors (Civ) and external input resistors
Rem. See as ﬁgure 2 The system gain can be calculated by

Galn~20><log( £_), where Ry = 630k, Ruy = 10k. And
Rin+Rein

the high pass cut-off frequency of input signal can be
calculated by f, =

2 (Ryn+REN)XCIN'

For a single-ended operation, input signals to INP pin via a
DC-cut capacitor (Civ) and external input resistor (Remw). INN
pin should be connected to ground via a DC-cut capacitor and
external input resistor (Rgm) (with the same value of Cy and
Rm). See as figure 3. The Gain and high pass Cut-off
frequency are the same as the above case.

Front Circuit

Zout

REIN

e
g

HT81697 H32 1540 22 43 Bl by F 405 =
N> FEHE PWM ki B AS 5 X303 75 4

2SN, TR EL RS Cin Al A FEFH
Ren 2B F] INP A1 INN 3, WK 2. #4:
33 Gain= 20xlog (——5—), Rr = 630k, Rix =

10k. FEUER A B bR NS, = :

2 (RN +REIN) X CIN

XTI, L Cin #E S 2] INP S
INN i A A0E T N B FEATHEZY (5 Cine Ren
fEAHED Feh, LK 3. #4935 Gain g LA
fc 525 A AE R

RIIN
R HT81697

Figure 2 Differential Input configuration

Front Circuit

ARM INP | R

EIN

ﬁHmNBL%

N

REIN

RIIN

RIINHT81 697

Figure 3 Single-ended Input configuration

3 Output Configuration

HT81697 can directly drive speakers without any other
components. But if EMI is highly concerned, ferrite beads or
L-C filter is needed.

— BT 5 i ] B R I .
X EMI R ZERE i, AT F A Bk S AR AR
o LC JER AT -
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4 Speaker Amplifier Operating Modes

HT81697 can work in different modes by setting the CTRL

terminal, shown as follow.

HT81697 £ CTRL im#ii AAIE L EAE, e
SEEL 2R TAERE, VEWL R R,

Table 1 CTRL Terminal Configuration

CTRL Voltage
Mode
MIN TYP MAX
Spread spectrum off, Class D mode 2.3V 3.3V 5.0V
Spread spectrum on, Class D mode 1.7V 1.8V 1.9V
Class AB mode 0.8V 1.1V 1.4V
SD(Shutdown) Mode ov ov 0.5V

4.1 Startup, Shutdown

The HT81697 employs a shutdown mode of operation
designed to reduce supply current (Ipp) to the absolute
minimum level during periods of nonuse for power
conservation. The CTRL terminal should be held low to
shutdown the device to enter the low-current state.

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.

4.2 Spread Spectrum

The HT81697 device has built-in spread spectrum control of
the oscillator frequency to improve EMI performance. The
spread spectrum scheme is internally fixed and by setting the

CTRL terminal.

4.3 Class AB

The HT81697 device can work in Class AB mode, which can

avoid EMI issue that can be caused in Class D mode.

HT81697 A xWiThae, DME S i NMRIL#E
RAE. Y CTRL Hifli, B A SEROIRA .

RN, AU/ pop L fE 1L AT 4
K P HE N SRR

HT81697 #stFWN & T ¥ #ifsl, LLIR&E
EMI RS . 330077 S N H8 I 5, 8k CTRL 5]
WEITE .

HT81697 3 nl LIETE AB 254K, wI5g
43 EMI 25 D BI040 8.
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5 Anti-Clipping Function (ACF terminal)

HT81697 can work in different ACF modes and MUTE mode
by setting the ACF terminal, shown as follow.

L

HT81697 n] T{FfE ACF iz, Eidik

\SD #EA.

B

Table 2 ACF Terminal Configuration

Re3|st%rNo[r)1 :\QSCI:)pm to Working Mode
< 10k MUTE
33k ACF1
56k ACF2
100k ACF3
>200k ACF OFF

In ACF modes, HT81697 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 HT81697 also
follows to the clips of the output waveform due to the decrease
in the power-supply voltage.

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 18dB.

(1) Excessive Inputs » . Total
Initial Gain Gai
AVAVAVAVAVAVAAV® ain
Avg
Av=Av,+Aa

Excessive Clipping
Inputs Detection

 ArE )
ACF

Attenuation
Gain

-18dB<Aa<0

(2) Appropriate inputs

Input

Total
Gain
Av=Av,+Aa

Initial Gain
Avg

Power Supply
Decreasing

Clipping
Detection

ACF
Attenuation
Gain
-18dB<Aa<0

FE ACF B3N, 24 R EAS I 2160 A A5 5 R
JEES DR 2 A A tH I TR, HT81697 il H 3))
VAR AR G i, 12 i AR B R O PR E
HITHR B I RK,  IOOREGE T & BECR -
UBAh, YRR R, HT81697 HAEH )
TR R, SEILE PVDD KRR ARDLEC Y
B KPR S T I Tty 4 7K T

ACF 120N i 5 3l A] (Attack time) F87E 585k
BN R KAE T A T AT
ACF 5 25 UK 28 138 25 8K, DL ms/dB
AT, BERUNE] (Release time) #8774 i T
s NSRRI 5, 162538 H ZE IR S I R, B
ms/dB Jy il ., HT81697 [k SEIkH 25
18dB.

ACF ON
Peak +

SRATATAVAVAY.

Attack Time

Release Time

ACF OFF

Attack Time  Release Time

Figure 4 the ACF Function Operation Outline

Copyright©2023, Heroic Technology -20-

07/2023 - V0.5



f"@. HEROIC

s/ technology,

HT81697
Boosted Class D/AB Amplifier

Table 3 Attack time and Release time

ACF mode Attack time Release time
ACF3 45ms 100ms
ACF2 4ms 2.8s
ACF1 45ms 350ms

In MUTE mode, the differential output signal is muted, other
internal modules are in normal oreation, and the output stage
becomes a high impedance state.

For a better pop performance, place the amplifier in MUTE
mode prior to shutdown or enable the device.
6 LDOP and LDON

Decouple LDON with a X5R ceramic 1 pF capacitor to GND,
LDOP with 1 pF capacitor to PVDD.

ERFERRUT, e, AR AT
TARRES, o ) e 2 =B

g/ pop A, 7E shutdown/fli RERT, #4510
M MUTE.

i X5R Fg#% 1uF 78K LDON 5
GND J%#%, 1uF HI%4f5 LDOP 5 PVDD %
o
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7 Protection Function

HT81697 has the protection functions such as Over-Current
Protection function, Thermal Protection function, and over
voltage protection.

(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 HT81697 (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) Over-voltage Protection function

The HT81697 device monitors the voltage on PVDD voltage.
When the voltage on PVDD pin exceeds the over-voltage
threshold (18V typ), the OVP circuit puts the device into
shutdown mode. The device recovers automatically once the
over-voltage condition has been removed.

(4) Under-Voltage Protection (UVP)

This is the function to establish the under-voltage protection
mode when PVDD power supply becomes lower than the
detection voltage VuviL (Typ 2.65V), and the protection mode
is canceled when the power supply becomes higher than the
threshold voltage Vuvin (Typ 2.7V). In the under-voltage
protection mode, the differential output pin becomes a high
impedance state. HT81697 will start up within start-up time
when the under-voltage protection mode is cancelled..

HT81697 HATLAN LA ORI ZhAE: it b
MRy AR RS TR AR

(1) iR

RSN 21— Ay o FLR XL BT 5 —
o L R BRI, S ORY R Bl B e D) e
BHAS, Bl pesBeiin . Mg Dk E, 8
RESR W MR JGU A, BT B AL RE AR
B PRI

(2) i frer

RTINSy i AR L 150°CIY, i R4
2y, I A H S Ul 2 g IR (N iE
PR, B L A AR

(3) LRI

HT81697 Yifs PVDD H & FHHEE. 4
PVDD 5| fi#l I i H s EE e 3 e BRI AEL (18 i 7Y
) I, OVP HLKI¥E HT81697 & T IeH M.
— HyHBRIT RSN, WK ERE .

(4) RIEHP

Z I AE A2 PVDD  HL YRR T RS I H
Vv (Typ 2.65V)I ZE LR R LR, 24 HLs
ST BE IR Vovn(Typ 2.7V) I BUB R R
FERJEARY T, o o ) e & = B A . U
RIFARER G, HT81697 47t J5 &t Al P J
.
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B PACKAGE OUTLINE
SPE (ESOP16)

L - - - N,
HHHHHAHHH =
e | s \
* T P x :
; ~ i . .
| S |
* S O I J
1
T : S ;
A8 8868888 I
e L
bl el ¢l
¥
™ =
<| | j
I..‘_ _ - - - — -
=T
Size (mm)
Symbol
MIN MAX
A1 0.1 0.25
A2 1.25 1.55
b 0.33 0.51
C 0.17 0.25
D 9.8 10.2
D1 4.3 4.6
E 3.8 4.0
E1 5.8 6.2
E2 2.3 2.5
e 1.27(BSC)
L 0.4 1.27
0 0° 8°
Copyright©2023, Heroic Technology -23- 07/2023 - V0.5



i HEROIC HT81697

hnaol
2 technology, Boosted Class D/AB Amplifier

IMPORTANT NOTICE
EE

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 TR GEMD B ARAR (BUNFERHT) REX 5 RS SORREMBES. EIE. $Ee. Bes Ak
A, B SRR AR S AR SS IABUR o 28 A5 BRI AE P i SR ORI 49 2 015 B ek, BB B .

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

HT A R R 14 50 B R B B LA B 2 P 7 it BRI AR R T AN 2R B 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 7= i R T in A= a4 i & S5 e MR s R S

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.

ARSI AR OGS BRI TSR, (AHTIFAK AR BT, KA ] 58 1 LRI 3 =07 BORI 1R 35 #1 3 «

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

TN A AT BAIB AR B B4 m (A SR AN R Ty 5

REETRE (X)) REFRAF

Heroic Electronic Technology (Jiaxing) Co., Ltd.

Hohb: WA XTI A YEE§ 3339 5 IRC R HARE =

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

B SR B 7 B AR, BEI SRIERHT 7 i 5 AR Bk
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