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11W S Input, Mono Class D Amplifier with Boost Converter

W FEATURES

- Power supply:
- Power input Vgar: 2.5V - 5.5V,
- Adjustable Boost Voltage PVDD: up to 7.5V
- DVDD/AVDD: 3.3V
- Audio Performance
-9.0W (VBAT=3.7V, PVDD = 7.5V, RL=3Q,
THD+N=10%)
- 11.0W (VBAT=3.7V, PVDD = 7.5V, RL=2Q,
THD+N=10%
- 5.5W (VBAT=3.7V, PVDD = 6.5V, RL=4Q,
THD+N=10%)
* Flexible Audio I/O
- 128, LJ, RJ, TDM input
- 8,16, 32,44 .1, 48, 88.2, 96, 192kHz Sample
Rates
« General Operational Features
- Hardware or Software Control mode
- 4 Programmable 1°C Addresses
* Robustness Features
- Clock Error, Over Voltage, Over Current, and
Overtemperature Protection
- Packages: Pb-free Packages, QFN28L-5%5

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

- Smart speakers * Smart Home

B ORDERING INFORMATION

FEIREE

- FHIEMIAVear: 2.5V - 5.5V;

- AEMEPVDDHEE, &E7.5V

- DVDD/AVDD: 3.3V
- SiEae

-9.0W (VBAT=3.7V, PVDD = 7.5V, RL=3Q,
THD+N=10%)

- 11.0W (VBAT=3.7V, PVDD = 7.5V, RL=2Q,
THD+N=10%

- 5.5W (VBAT=3.7V, PVDD = 6.5V, RL=4Q,
THD+N=10%)
- RIS

- 128, LJ, RJ, TDM I\

-8, 16, 32,44 .1, 48, 88.2, 96, 192kHz =R

- ELthThRE

- BRI T HIR
-ANI2CEE 1¢tﬂzﬂt‘IL

ERIP: BOEMER. D
. QFN28L—5><5¢9L2Et

E. IR SRFRPE

- T55F/ Wi-Fiss4s

- BB

Part Number Package Type Marking Operatlng;negn;perature MOQ/Shipping Package
i HT5169s0 R QRS
HT5169SQER QFN28L-5x5 UVWXYZ1 25C~85TC Tape and Reel / 2500pcs

L UVWXYZ is production tracking code
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B DESCRIPTION

The HT5169 is a mono Class D audio amplifier with multiple
audio format port (I12S, LJ, RJ, TDM). It supports a variety of
audio clock configurations (sample rate 8k — 192kHz).

HT5169 integrates a boost converter with a filter-less stereo
class D audio power amplifier to provide 11W continuous
power into a 2Q speaker when operating from a Li-battery
voltage boosted to 7.5V. Meanwhile, the boost output
voltage is adjustable.

The HT5169 also includes hardware and software control
modes and integrated digital clipper enable use in a
multitude of applications.

Additionally, a thermally enhanced 28-Pin QFN provides
excellent operation in the elevated ambient temperatures
found in modern consumer electronic devices.

B TYPICAL APPLICATION

HT5169/2 —BLA P DR FFIR, SCHRF L H
KRS (8k-192kHz) . £ Fh A7 A% 5(
(I8, LJ, RJ, TDMD.

HT5169/2& — 3 N B BOOST L LR (DK 35
BT R 88 - N B IBOOST T LA b AT i@ it
HNE R PEE TEEAE, RO e b, AE
FHIEZET.5V, 2Q Fuidl &4~ N REE S 4 H
MWINER . KRR % B I 1T BOOSTHi i Fi
Ko

HT5169 & 1 i TARAE AN B A4 fll # 2
HABrIRIEESS, SCREAFRAT

2 P EQFN28L-5 X 53145, AT A1)
RUGARDL, DU 2% 7 R A BER
SEALH ORI RE

e B\
. 4 N Audio Serial Port SPEAKER
Audio
OouTP
Source o :j
and >1 . OUTN
Control il
ontro :
scL i HT5169
z FB
A ) Software Control mode )I ADR H
Power Supply \|§ AVDD PVDD =
3.3v K DVDD Re 1.24x(RPIRD+1)
4.7uH
VBAT
LX PVDD
2.5V~5.5V Bl -
T IHFIOuF =220uF
== ~E J =
el 1uF//10pF
SS32/SS52
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B TERMINAL CONFIGURATION

|_
4 o o
23S E55
L g -0DB ¢
28/{27}126/[25} (24 [23] {22
\SD 1 21 e
SDA| 2] 120 oUTN
scL|[3] - 119) ouTN
DVDD [ 4] PGND - 118 pvDD
ADRO 5| | - 117) pvDD
ADRL 6] - 116, BGND
MCLK(7{ | | 15 LX
8119]110/(111{12 {13/ 14
O m
é 35 2 S X
B TERMINAL FUNCTION
Te;\ln;mal Name 1/0* Description
1 \SD | Places the speaker amplifier in shutdown mode while pulled low level.
FEHIN ThTBCR )
2 SDA | |2 data input pin. I2CHd
3 SCL I I clock input terminal. 12CHJ %}
4 DVDD P Power supply for the internal digital circuitry. %5 HiJ5 i
5 ADRO I Determine the 1€ Address of the device. 12C 25 hiti% Ff
6 ADR1 I Determine the 1€ Address of the device. 12C 24 hiki%k F¢
7 MCLK | Master Clock used for internal clock tree, sub-circuit/state machine, and
Serial Audio Port clocking. =%}
8 SCLK | Bit clock for the digital signal that is active on the serial data port's input
data line. 47 8h
9 SDIN I Data line to the serial data port. = 17 %%
10 LRCK | Word select clock for the digital signal that is active on the serial port's input
data line. Wil 80, 7B (FHiE) #k#f
1 DGND G Ground for dlglta!,cgﬂcwtry (NOTE: This pin should be connected to the
system ground). %7
12 FB I Regulator Feedback Input. Ft & 15 /4
Rk
13, 21, 22 NC / lj{\lﬁo C?Ir;;i;on, connect GND for better thermal performance. J&H <%
1. Input; O: Output; G: Ground; P: Power; BST: BOOT Strap; OD: Open drain
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14, 15 LX | Internal Switch Input. Ff &7 & 4\
16 BGND G Ground for boost converter circuitry (NOTE: This pin should be connected
to the system ground). F % Hi i 3
17,18 PVDD P | Boost Converter Output VVoltage and Power Supply. T} 4 Hi A1 Th 2 B g
19, 20 OUTN O | Negative pin for differential speaker amplifier output. % 671 i
23,24 OUTP O | Positive pin for differential speaker amplifier output. % H 1F ¥
25 TEST O | Test pin leave it floating. MR 51, 2.
26 AVDD P Power supply for internal analog circuitry. 40l H 5 v
Ground for analog circuitry (NOTE: This pin should be connected to the
27 AGND G system ground). %Eﬁuﬂﬁ a P
Speaker amplifier fault terminal, which is pulled LOW when an internal
28 \FAULT OD | fault occurs, open-drain output. #5IRAAL, O F KA SRS, %
EILEEDA S
Provides both electrical and thermal connection from the device to the
Ep PGND G board. A matching 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. B2, M EEEFPAD

Copyright©2020, Jiaxing Heroic Technology Co., Ltd -4- 09/2020 - V0.1
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B SPECIFICATIONS'

® Absolute Maximum Ratings 2

MCLK

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.

PARAMETER Symbol MIN TYP MAX UNIT
Power supply voltage for AVDD AVDD -0.3 4 \
o | v
Power supply voltage for DVDD DvDD -0.3 4 \%
DVDD Referenced Digital Input Voltages Vi -0.3 DVDD+0.3 \
Input terminal voltage range (IN+, IN-) VIN —0.6 PVDD+0.6 \
Moisture Sensitivity Level (MSL) MSL3
Ambient Operating Temperature TA -25 85 °C
Junction Temperature Ty -40 125 °C
Storage Temperature Tste -40 125 °C
® Recommended Operating Conditions
PARAMETER Symbol CONDITION MIN TYP MAX UNIT
Power supply voltage for AVDD AVDD 3 3.3 3.6 \%
s | v
Power supply voltage for DVDD DVDD 3 3.3 3.6 \%
Ambient Operating Temperature Ta -25 25 85 °C
DVDD Referenced Digital Input Voltages Vi 0 DVvDD \%
Speaker Load Impedance RL 2 4 Q
® |/O pins
PARAMETER Symbol CONDITION MIN TYP MAX UNIT
0
Input Logic LOW threshold for
DVDD Vil All Digital I/O pins including 30 %DVDD
Referenced Digital Inputs \FAULT, \SD, SDA, SCL,
Input Logic HIGH Current Level lIH1 ADRO, ADR1, MCLK, 15 UuA
Input Logic LOW Current Level lL1 SCLK, SDIN, LRCK -15 UuA
Output Logic LOW Voltage Level VoH 90 %DVDD
Output Logic LOW Voltage Level VoL 10 %DVDD
® Master Clock
PARAMETER Symbol CONDITION MIN TYP MAX UNIT
Allowable MCLK Duty Cycle Dwmcik 45 50 55 %
Supported MCLK Frequencies fmeLk Values indlgi 1521% 192, 256, 128 512 fs
Pulse duration of MCLK high tHiGH 10.1 ns
Pulse duration of MCLK low tLow 10.1 ns
Period of MCLK trPeERIOD 20.2 ns
- t PERIOD =
tLow : !
: :
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® Serial Audio Port

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
Allowable SCLK Duty Cycle Dscik 45 50 55 %
Supported Input Sample Rates (1/tLr) fs 8 192 kHz
Required LRCK to SCLK Rising Edge ts 15 ns
Required SCLK Rising Edge to LRCK edge taL 15 ns
Supported SCLK Frequencies (1/tscc) for Values include:
128 Fscik 32,48, 64 32 64 fs
Supported SCLK Frequencies (1/tscc) for Values include:
TDM Fscik 128, 256, 512 128 512 fs
SCLK Pulse Width High tecL tecc/2
SCLK Pulse Width Low tecH tecc/2
Required SDIN Hold Time after SCLK, ton 15 ns
Rising Edge
quuwed SDIN Setup Time before SCLK tos 15 ns
Rising Edge
| |
- twr >
J J
LRCK 1 Left ! Right \L
| I teentscL I
e tis | '
|

[BCC |

SOIN- meSB x:' : ix e 1 X Msax x

tDS tDJ

® Boost Converter

Iltem Symbol Conditions Min. Typ. Max. Unit
Boost converter output PVDD Vear 6.5 75 Vv
voltage
Boost converter faw 410 KHz
frequency
Boost converter input
current limit lumTRIP 5 A

® Protection Circuitry

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
PVDD Overvoltage Error Threshold OVERrTH PVDD Rising 8.4 \%
PVDD Overvoltage Error Threshold OVEFTH PVDD Falling 8.2 \%
Overtemperature Error Threshold OTEmH 150 °C
Overtemperature Error Hysteresis OTEnvs 15 °C
Overcurrent Error Threshold for Speaker Output OCETH 6 A
Speaker Amplifier Fault Time Out period Ttault OTE or OCP 130 ms

Copyright©2020, Jiaxing Heroic Technology Co., Ltd -6- 09/2020 - V0.1
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® Class D Amplifier

Item | Symbol Conditions Min. | Typ. | Max. | Unit
Class D Channel Vss=0V, Vear =3.7V, Ta=25°C, ACF-Off mode, unless otherwise specified
Carrier clock frequency frwm default 410 kHz
System Gain Avo default 255 dB
Start-up time (power-on teTuP 130 ms
or shutdown release)
ACF attenuation gain Aa -16 0 dB
Consumption current in
shutdown mode Isp CTRL=Vss 7 HA
(VBAT)
Total Harmonic THD+N |  Po=1.0W, Ri=4Q, f=1kHz 0.10 %
Distortion plus Noise
. f=20Hz~20kHz, A weighted,
Output Noise VN Av=25 5dB 220 HVims
Output offset voltage Vos +2 mV
Quiescent current _
(VBAT) IBAT Input Grounded, PVDD = 6.5V 20 mA
Item Symbol Conditions Min. Typ. Max. Unit
Class D Channel PVDD = 6.5V Vss=0V, Vear =3.7V, Ta=25°C, ACF-Off mode, unless otherwise specified
Ri=4Q 55
RL=30 VBaT=3.7V,
— f=1kHz,
R.=20+33uH | THD+N=10% 9
R.=8Q 3.1
Output Power Po W
RL=4Q 4.4
RL=3Q, VBat=3.7V, 55
f=1kHz,
RL=2Q+33uH THD+N=1% 5.5
R.=8Q 25
VBat=4.2V, RL.=4Q, THD+N =
10% 75 %
Veat=4.2V, R.=3Q, THD+N = 70 o
Efficiency (Class D + 10% 0
Boost) n Vear=4.2V, Ri=2Q+33uH,
_ 66 %
THD+N = 10%
VBat=4.2V, RL=80Q+33uH,
THD+N = 10% 80 %
Item Symbol Conditions Min. Typ. Max. Unit
Class D Channel PVDD = 7.0V Vss=0V, Vear =3.7V, Ta=25°C, ACF-Off mode, unless otherwise specified
RL=40 Veat=3.7V, 6.2
Ri=3Q f=1kHz, 7.6
Ri=20+33uH | THD+*N=10% 95
Output Power Po RL=40 51 W
L= Vear=3.7V, :
R.=3Q, f=1kHz, 6.2
Ri=20+33uH | |D*N=1% 7.5
VBat=4.2V, RL.=4Q, THD+N =
10% 73 %
Efficiency (Class D + N Veat=4.2V, R.=3Q, THD+N = 69 %
Boost) 10%
VBat=4.2V, RL=2Q+33uH,
THD+N = 10% %0 %

Copyright©2020, Jiaxing Heroic Technology Co., Ltd -7- 09/2020 - V0.1
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ltem | Symbol Conditions | Min. | Typ. | Max. | Unit
Class D Channel PVDD = 7.5V Vss=0V, Vear =3.7V, Ta=25°C, ACF-Off mode, unless otherwise specified
Ri=4Q Vear=3.7V, ’
RL=3Q f=1kHz, 9
Ri=2Q+33uH | 'HD*N=10% 11
Output Power Po —40 W
Ri=4 VBAT=3.7V, 55
RL=3Q, f=1kHz, 7
Ri=20+33uH | 1HD*N=1% 8.8
VBat=4.2V, RL.=4Q, THD+N = o
10% 72 %
Efficiency (Class D + N Vear=4.2V, R.=3Q, THD+N = 68 %
Boost) 10%
VBat=4.2V, R.=2Q+33uH,
THD+N = 10% 66 %

® Class AB Amplifier

Class AB Channel ! Vss=0V, Vear =3.6V, Rin = 0ohm, Ta=25°C, unless otherwise specified
RL=4Q,
VBaT=3.6V 13 i
RL=4Q, f=1kHz, 18
Veat=4.2V THD+N=10% )
RL=4Q, 2.65 W
VBaT=5.0V
Output Power Po —
RL=4Q, 1.0 W
VBaT=3.6V )
RL=4Q, f=1kHz,
Veat=4.2V THD+N=1% 15 w
RL=4Q,
Vear=5.0V 21 w
Total Harmonic Po=0.01W RL=4Q), 0.1 %
; . . THD+N _
Distortion plus Noise Po=0.1W f=1kHz 0.09 %
Output Noise VN f:ZOHFZOkI_-lZ’ A weighted, Av 200 UVrms
=19dB
Output offset voltage Vos +4 mV
. RL=4Q+22uH, THD+N = 10% 70 %
Efficiency n
RL=80Q+33uH, THD+N = 10% 74.5 %
Quiescent current
(VBAT) IBAT Input Grounded 20 mA
System Gain Avo Default 19 dB
Start-up time (power-
on, shutdown release, ¢ 130 ms
or switch from Class D STUP
to Class AB)

1 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 V.
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® DVDD & AVDD current consumption

TA = 25°, DVDD = AVDD = 3.3V, fs = 48kHz, (unless otherwise noted)

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
fs=48kHz
MCLK=128*s 45 mA
fs=48kHz
MCLK=256*fs 53 mA
fs=48kHz
55 mA
— *-
Quiescent current in DVDD+AVDD Ibvbp+AVDD MCL_K—512 fs
fs=32kHz 6.7 mA
MCLK=128*fs )
fs=32kHz
MCLK=256*s 83 mA
fs=32kHz
MCLK=512*s 8.8 mA
SLEEP =H,
fs=48kHz 3.0 mA
DVDD+AVDD current consumption in sleep | lbvop+avop_sL MCLK=256*fs
mode EEP SLEEP = H,
fs=32kHz 3.5 mA
MCLK=256*fs
DVDD+AVDD current consumption in SD | \SD =1L, 120 UA
mOde DVDD+AVDD_SD No C|0Ck
[2C Control Port
Standard-Mode Fast-Mode
PARAMETER Symbol = T Tve | mMAx | MiN | Tvp | max | UNT
Allowable Load Capacitance for Each I2C Line Co 400 400 pF
Support SCL frequency fscL 100 400 kHz
Hold time (repeated) START condition. After ¢ 4 0.6 us
this period, the first clock pulse is generated. nSTA)
Required Pulse Duration, SCL HIGH tHIGH 4 0.6 us
Required Pulse Duration, SCL LOW tLow 4.7 1.3 us
Setup time for a repeated START condition tsusTA) 4.7 0.6 us
Data hold time th(pAT) 0 3.45 0 0.9 us
Setup Time, SDA to SCL tsu(DAT) 250 100 ns
Rise Time, SCL Tr scL 1000 300 ns
Rise Time, SDA Tr spa Y Ten)- V@) us
Fall Time, SCL and SDA Ty 300 300 ns
Setup Time, SCL to STOP condition tsu(sTO) 4 0.6 us
Bus Free time between STOP and START
s tsur 4.7 1.3 us
conditions

SDA /
tLow :
| ——pi
| .
SCL | |1 tysTaje>
e —] -

STO

STA

ts.u(DAl')
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B TYPICAL OPERATING CHARACTERISTICS

Class D Channel
Condition: Class D mode, Vear = 3.7V, fin = 1kHz, ACF off, unless otherwise specified

PVDD = 7.5V, Load = 4o0hm

0.01
10m 20m E0m  100m 200m 500m

10k 20k

|Sweep |Tra|:e |Eu|nr Line Style |Thick [Data |ﬁ-.xis |Cnmment |
X 1 1 Green| - Solid +|1 |-+ AnalyzerTHD+N| Left Po=0.5W
X 2 1 Yellow -« Solid 1 = Analyzer THO+M P Left Po=1.0W
Red EE

fin vs THD+N
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PVDD = 7.5V, Load = 3ohm

I
-IIIIIIII-IIIIIIII-IIIIIIII-IIIIIIII

" 10m 20m 50m  100m 200m 500m g 50 100

T 11 I
02 EE
_ -IIIIIII--IIIIIII--IIIIIII
100 200 500 2k 10k
Hz
|Sweep |Tra|:e |Cn|nr Line Style | Thick |Data |F-.xis |Enmment |
X 1 1 Red || Solid -1 = Analyzer.,THD+N | Left Po=1W
Mager « - -
X 3 1 Blue ’E Solid E1 = Analyzer.,THD+N | Left Po=3W

fin vs THD+N
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PVDD = 7.5V, Load = 20hm+33uH

_--
20 ---IIIIII---IIIIII---IIII

2 ---IIIIII---IIIIII---IIIIII---IIIIII

. ---IIIIII--E-!!III--NIIIIII---IIIIII

| -IIIIIIII-IIIIIIII-IIIIIIII-IIIIIIII

"~ 10m 20m 50m 100m 200m 500m 5 50 100

|Sweep |Tran::e |Cn|nr Line Style |Thick |Data |ﬁ-.!{is |Cnmment |
Blue - - -
® 2 1 Cyan | «|Solid -1 wAnalyzer THD+M | Left Po=2W
X 3 1 Green| - Solid -1 |[-+|AnalyzerTHD+H | Left Po=3W
fin vs THD+N
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PVDD = 7.0V, Load = 40hm

[ 1]

0. Elz

0.01 --IIIIIII--IIIIIII--IIIIIII

10m  20m 50m 100m 200m 500m 1 g
W
|i|5weep |Trace |Cn|nr Line Style | Thick |Data |.Axis -
Yellow - - -

X 2 1 Red JESDHI:I ’31 = Analyzer THO+M || Left
X 3 1 Magel | Solid -1 =|Analyzer.THDH+H | Left 3.3V -

Output Power vs THD+N

0.09—— 11

50 100 200 500 5 10k 20k
Hz
|Sweep |Tra|:e |Cn|nr Line Style [Thick |Data |Axi5 |Cnmment |

® 1 1 Yellow | Solid -1 =(AnalyzerTHD+N | Left 3.7V,0.5\W/
I 1 Red |-|Solid -1 = Analyzer THO+M FLeft 3.7V 1W

Green| - - - 3.0V2W

fin vs THD+N
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PVDD = 7.0V, Load = 3ohm

01
10m  20m

E0m

100m

200m E500m

|Sweep |Tra|:e |Cn|nr

Line Style

Data |.ﬂ-.:<i5 |Cnmment

X Z 1
X 3 1

Yellow -
Blug |
Red -

Solid
Solid

100

-
-
-

AnalyzerTHD+M | Left 3.7V
Analyzer,THD+N | Left 3.3V

Output Power vs THD+N

200

500

2k
[

|i|5weep |Trat:e |Cn|nr Line Style [ Thick |Data |.ﬁ-.x'is |Cnmment |
® 1 1 Yellow | Solid |1 w|Analyzer,THD+N | Left 3.7V AW
¥ 2 1 Red |-Solid 1 | Analyzer THO+M F Left 3.7V 2W
Green| - - 3.V 3W
fin vs THD+N
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PVDD = 7.0V, Load = 20hm+33uH

I I

I

ENEEE
] 10

01
10m  20m 50m 100m 200m 500m 2 5
|i|5weep |Trace |Cn|nr Line Style | Thick |Data |.Axis |Cnmment | -
:Green| - -
X 2 1 Yellow «fSolid -1 | Analyzer THO+M | Left |37
x 3 1 Red | «|Solid -1 =|Analyzer.THD+H | Left 3.3 -

Output Power vs THD+N

T 1 ] ]
L T TT] .llh |
HEEE ]

50 i 2k 11,4

|i|5weep |Tra|:e |Cn|nr Line Style [Thick [Data |Axi5 |Cnmment |
Yellow « -
® 2 1 Fed |-=olid -
3 1 Green| «| Solid -
® 4 1 Blug | -Solid -
fin vs THD+N
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+30

Ap)

+29.5

+29

+28.5

+28

+21.5

+27

+26.5
+26

o

+25.5

r +25

A +24.5

+24

+23.5

+23
+22.5

+22

+21.5

+21

+20.5

+20

N
o

50 100 200 500 1k 2k 5k 10k 20k
Hz

Sweep Trace Color Line Style Thick Data Axis  Comment

1 1 Red  Solid 3 Analyzer.Level A Left fvsgain

Frequency Respond.ats2
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Viar Vs Isp Viar Vs Ipp
50.00 50.00
Input Grounded Input Grounded
40,00 Class D 10.00 Class D
PVDD = 6.5V wsv
2 3000 2 3000 B
2 g \
a a
- [=}
o = oo \E
10.00 Noload 10.00 _—
= With Load = \With Load
0.00 0.00
25 35 45 55 35 45 5.5
Vear (V) Vear (V)
10.00 10.00
Class D, ACF OFF
800 Load = 4ohm 200
le = 1kHz 1 - - —
E THD+N = 1% L . g
6.00 6.00
(=] (=]
o e
400 490 " Class D, ACFOFF )
~ — PVDD=T7.0V
—— PVDD=7.0v Load = 4ohm VDD=65V
2.00 PYDD=6.5V 2.00 fu = 1kHz —r=
—— PVDD=T5V N ——PVDD=75V
- THD+N = 10%
0.00 0.00
23 35 45 5.5 23 3.5 45 5.5
Vaar (V) Vaar (V)
Vgat VS Po
10.00 VBAT Vs PO
Class D, ACFOFF 10,00
8.00 Load =3ohm .
THD+N = 1%
E 6.00 g T
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Class AB Channel
Condition: Class AB mode, Vsar = 3.7V, fin = 1kHz, Load = 4o0hm, unless otherwise specified
Load = 40hm

50m 100m 200m

Wy

[ sweep [trace [color [Line styie  [mhick [Data [axis [comment |
x 1 1 Solid -1 Analyzer,THD+N | Left 3.7V
X 2 1 Solid -1 Analyzer THD+M | Left 4.2V

Blue |+
Cyan |
Green| +

.

Output Power vs THD+N

W sweep [trace [color [uine syie [thick [Data [axis [comment |
» 1 1 Solid -1 | Analyzer., THD+N | Left 3.7V.0.5W
Xz 1 Solid -1 | Analyzer THO+M | Left | 3.7V, 1W
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Yellow
Green|

fin vs THD+N

3.7V, 1.5W
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Load = 3o0hm
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W
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Load = 20hm+33uH
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B APPLICATION INFORMATION

I2S Input Stereo Class D Amplifier

The HT5169 is a flexible and easy-to-use mono class-D HT5169 & — M fii 5 5y A H &R i 1 80+
speaker amplifier with an digital input serial audio port. The N D EE I, HA7H 8k~192kHz 1SR4
HT5169 supports a variety of audio clock between 8kHz to K, N BT B, T g B A\ N &%
192kHz sample rate. The integrated boost conveter allows a PR B S A TR

higher output power with battery supply.
1  Power Supplies

Only two power supplies are required for the HT5169. They HT5169 1V 7% ZE A s yR AL, BIZE DVDD
are a 3.3-V power supply, called DVDD and AVDD for the CEUHJE) F1 AVDD R LR w#hn 3.3V,
small signal digital and analog and a higher voltage power L% FF I HL B i A \/BAT .

supply, and called VBAT for the input power supply of boost

converter.

2  Speaker Amplifier Audio Signal Path

Digital Gain Analog Gain
(Goie) (Gana)
4 s N
|ﬁH g '
| | - !
L I | |
— : :
: : | Closed Loop Class D Amplifier |
|
HPF ) Interpolation Digital v Full Bridge
7 Digital Filter Clipper Digital to PWM _.‘ Gate II PowerAStage 4
Serial __ || iig% o —»| Bos?st — |7 I P N Conversion Drives PWM
Audio In Port [ ] " Volume [7] |223%% [ f“"m " ovt0t0. D>J‘u—|_m‘| Gate Audio Out
Control Drives Full Bridge
T Power Stage
B

Figure 1 Speaker Amplifier Audio Signal Path
2.1  Serial Audio Port

The serial audio port receives audio in either I>S, Left HT5169 ()57 5 M f 4750 A\ 422 1 SCRF 128,
Justified, Right Justified or TDM formats, up to 32-bit word TEXF. AXF. TDM Z5dEwk =, &k
length. Default setting is I>S and 32-bit word length. The 32 bit Z K (SCLK = 32X 2fs). BRi\ & & N 12S.
supported clock rates and ratios are detailed below. 32 bit 52K » S AR I b 2 A H A B R

Table1 Supported SCLK rates for TDM

Maximum Sample Rate fs (kHz) SCLK Rate (xfs)
8-48kHz 128, 256, 512
96kHz 128, 256
192kHz 128
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Table2 Supported SCLK rates for [IS/LJ/RJ
Sample MCLK rate (% fs)
Rate fs 128 192 256 384 512 768 1024 1152
(kHz) SCLK rate (x fs)
8 N/S N/S 32,48,64 | 32,48,64 | 32,48,64 | 32,48,64 N/S N/S
12 N/S N/S 32,48,64 | 32,48,64 | 32,48,64 | 32,48,64 N/S N/S
16 N/S N/S 32,48,64 | 32,48,64 | 32,48,64 | 32,48,64 | 32,48 64 N/S
24 N/S N/S 32,48,64 | 32,48,64 | 32,48,64 | 32,48,64 | 32,48 64 N/S
32 32,48,64 | 32,48,64 | 32,48,64 | 32,48,64 | 32,48,64 | 32,48,64 | 32,48,64 | 32,48, 64
38 32,48,64 | 32,48,64 | 32,48,64 | 32,48,64 | 32,48,64 | 32,48,64 | 32,48, 64 N/S
44.1 32,48,64 | 32,48,64 | 32,48,64 | 32,48,64 | 32,48,64 | 32,48,64 | 32,48, 64 N/S
48 32,48,64 | 32,48,64 | 32,48,64 | 32,48,64 | 32,48,64 | 32,48,64 | 32,48, 64 N/S
64 32,48,64 | 32,48,64 | 32,48,64 | 32,48,64 | 32,48,64 | 32,48, 64 N/S N/S
88.2 32,48,64 | 32,48,64 | 32,48,64 | 32,48, 64 N/S N/S N/S N/S
96 32,48,64 | 32,48,64 | 32,48,64 | 32,48, 64 N/S N/S N/S N/S
128 32,48,64 | 32,48,64 | 32,48,64 | 32,48, 64 N/S N/S N/S N/S
176.4 | 32,48,64 | 32,48, 64 N/S N/S N/S N/S N/S N/S
192 32,48,64 | 32,48, 64 N/S N/S N/S N/S N/S N/S
2.1.1 I’S
< 1t :I
LRCLK/FS _‘, I Left-channel | Right-channel L;'
s VUTRAR AR -~ VAR - AR - 1Aaaae
Audio data word::il6 bit, SCLK = 32, 64f; i i i i
oaTA | [T - [ T - |
L X s !
i i MSB  LSB i i MSB  LSB i |
Audio data word:bf_ﬂr—bit, SCLK = 64f, i i i i
oATA __| [TA) Ba) M =) |
EIL VY. e o 3
Audio data word;e:gz-mt, SCLK = 64f, i i i i
!
DATA i IFl‘l I‘H‘I‘I I
LR AR A
"t MsB LSB ' ' MSB LSB
IS Data Format; L-channel = LOW, R-channel = HIGH

Figure 2 1IS Audio Data Format Timing
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2.1.2 Left-Justified

1t >

r

LRCLK/FS Left-channel

1
SCLK _ﬂ_fllfl.ﬂ_ —Lﬂ_ﬂﬂ_

Audio data word = :16—bit, SCLK = 32, 64f;
|

A

¢ Right-channel

|
[
| |
DATA |1|2| -+ [=[g) I1|2| S 5 | :
I X | X I
I MSB Lss ' MsB LsB !
| \ |
Audio data word = 24-bit, SCLK = 64f; } !
| i |
| | |
DATA [ T=] =] 1]z2] --- =22 !
Y L |
| I |
I MSB LSB [ MSB LSB I
| \ [
Audio data word = 32-bit, SCLK = 64f; | |
[ \ |
I I |
DATA |1|2| |31|32I1|2| 31]32
L AKX A
' MSB S8 ' MsB S8 |

Figure 3 Left-Justified Audio Data Format Timing

2.1.3 Right-Justified

-

1ts >‘
!

LRCLK/FS |

SCLK ﬂfi_ﬂ_ﬂ_ 'I.ﬂ_ﬂ_fL

Audio data word :i16—bit, SCLK = 32, 64f;
I

Left-channel

¢ Right-channel |

DATA : IT2] --- |15|15| IT] - |15|15|

1 1 T

I | Ao

: MSB LSB : MSB  LSB :

| I |

Audio data word = 24-bit, SCLK = 64f; : !
| | I

| | |

DATA ! [T=] ERER| [ T=] =]

| X F X |

| MSB LSB | MSB LSB |

[ | |

Audio data word = 32-hit, SCLK = 64f, | |
| | |

| | |

DATA | 12] |31|32I 1z] --- |31|32|

1 | 1

LR 21X P

' MSB ISB ' MSB g |

Figure 4 Right-Justified Audio Data Format Timing
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2.1.4 TDM

LRCK J . [
| : S . 1
sewe A [AIELIA T I TIAT DI fL LA LT
SDIN ' MsB MSB IMsB| MSB| A w+a MsSB| MSB
| 1 Slot0,chA | Slot0,chB | Sloti,chA | Slot1,chB | slotrr, ch A Slotn,chB |
14— < >4 L d - <
Jomectl 32 clks 32 clks 32 clks 32 clks 32 clks 32 clks
P

Determined by Register 13 Bit3 Determined by Register13 Bit5:4

Figure 5 TDM Audio Data Format Timing

2.2 DC Blocking Filter

Excessive DC content in the audio signal can damage
loudspeakers and even small amounts of DC offset in the
signal path cause audible artifacts when muting and
unmuting the speaker amplifier. For these reasons, the
amplifier employs a DC blocking methods for the speaker
amplifier which is a high-pass filter provided at the front of
the data path to remove any DC from incoming audio data
before it is presented to the audio path. In Hardware Control
mode, the DC blocking filter is active and cannot be
disabled. In software Control mode, the filter can be
bypassed by writing a 0 to bit 7 of register 0x14.

2.3  Digital Boost and Volume Control

Following the high-pass filter, a digital boost block is
included to provide additional digital gain if required for a
given application as well as to set an appropriate clipping
point for a given GAIN configuration. The digital boost
block defaults to +0dB and is changeable through bit [1:0] of
register 14. In most use cases, the digital boost block will
remain unchanged, as the volume control offers sufficient
digital gain for most applications. The HT5169's digital
volume control operates from Mute to 24 dB, in steps of 0.5
dB. The equation below illustrates how to set the 8-bit
volume control register at address 0x15/0x16:

DVC [Hex Value] = 0xCF + (DVC [dB]/ 0.5 [dB])

Transitions between volume settings will occur at a rate of
0.5 dB every 8 LRCK cycles to ensure no audible artifacts
occur during volume changes. This volume fade feature can
be disabled via Bit 4 of Register 0x14.

IS T RS ERR Sy, T REBIR I,
o 7 A i LU BB T 7 R o e
FEAMERE . Rk, HT5169 HA bR B 77 =,
B e A0 3 A 1 L v S R A, AR S
NI EBRERUR T o AR AR, U8R a4
ABERM; PRI, BB A T K M
(0x14 ZFf7 2311 bit7).

1E B JE P BG BLG 2 B s, i
Pl AP E SR AN B B - 25, DLIE
PEASTE (PR A o BRI % B 2 +0dB, ] i itk
Ox14 ZFf7281 bit[1:01i&tk. fERZEIBEHT,
HEE A AREML.

HT5169 % & Efsflnl@id 0x15
0x16 %7514 B Mute~+24dB (545 0.5dB).
I THI R WA B % A A A A
DVC [Hex Value] = 0xCF + (DVC [dB]/ 0.5 [dB])

BrE e iE %N 0.5dB/BLRCK, LA
T G, 25 HE AR PR AR R TS | X R T AR () T RE T
B 0x14 FA748 11 bitd ],
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2.4  Digital Clipper

A digital clipper is integrated in the oversampled domain to
provide a component-free method to set the clip point of the
speaker amplifier. Through the "Digital Clipper Level x" (at
register address 0x10, 0x11, 0x12) controls in the I?C control
port, the point at which the oversampled digital path clips
can be set directly, which in turns sets the 10% THD+N
operating point of the amplifier. This is useful for
applications in which a single system is designed for use in
several end applications that have different power rating
specifications. Its place in the oversampled domain ensures
that the digital clipper is acoustically appealing and reduces
or eliminates tones which would otherwise foldback into the
audio band during clipping events. Figure 6 shows a block
diagram of the digital clipper.

HT5169 SRk 7 FFPRIE#S , oA oas
i, AGETZERE (0x10, 0x11, 0x12) FLER)
A] Y BT Rk 0 TR R, B Th R 10%
THD+N TAE fio HAE—PpbE{ B 1 H & B2 AP
[F) Th 58 2 2% 114 I8 FH 4% iy s 45 516 P o

Digital Clipper

22 Bit Audio Sample in Data Path

Digital to PWM

A J

\I Conversion

=
| -
>

20 Bit Digital Clipper Level in Control Port |_

Y

Digital
Comparator

oo [ >nrm| -
i

Figure 6 Digital Clipper Simplified Block Diagram

It is important to note that the actual signal developed across
the speaker will be determined not only by the digital clipper,
but also the analog gain of the amplifier. Depending on the
analog gain settings and the PVDD level applied, clipping
could occur as a result of the voltage swing that is
determined by the gain being larger than the available PVDD
supply rail.

2.5 Closed-Loop Class-D Amplifier

Following the digital clipper, the interpolated audio data is
next sent to the Closed-Loop Class-D amplifier, whose first
stage is Digital to PWM Conversion (DPC) block. In this
block, the stereo audio data is translated into two pairs of
complimentary pulse width modulated (PWM) signals which
are used to drive the outputs of the speaker amplifier.
Feedback loops around the DPC ensure constant gain across
supply voltages, reduce distortion, and increase immunity to
power supply injected noise and distortion. The analog gain
is also applied in the Class-D amplifier section of the device.

The switching rate of the amplifier is around 410 kHz by
default, and can be changed through bit 0 of register 0x19.

T 7RSS, DUt B B AR AN I
H e Tz BR R 2%, I H T 24 /4 B A ALL 3 25
1 PVDD HJE .

A S 52 B RIES G, N T 3 D

FKIN. D RIS — o2 75 PWM iR
(DPC), PWM 15 5 I3 I >k 3k 5)) Dy s i tH 4%

DPC [ Bi¥A al fRiF e I3 i, FRAIR
P rmn et HURME PR (1 S J7 . 1% D SRINBIREA,
B35 (GAIN_A) i@ % /7 2804

D I BRI AN ZTE 410kHZ Ffif,
AL PR 2% 0x19 HY bit0 &
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3  Speaker Amplifier Protection Suite

The speaker amplifier in the HT5169 includes a robust suite
of error handling and protection features. It is protected
against Over-Current, Over-Voltage, Over-Temperature, and
Clock Errors. The status of some errors is reported via the
FAULT pin or/and the appropriate error status register in the
I2C Control Port. Table3 details the types of errors protected
by the HT5169 Protection Suite and how each are handled.

HT5169 A Z ARy hfe, Wi, i
JESNIB VRN HT%“F%m%%%?F g frof JE
\FAULT 5 JEIA/ B 75 A7 25 B iR AR S AL R N . H 3R
X IR B SR A OR PP BEAT T ﬁé&l%ﬁﬂ .

Table3 Protection Suite Error Handling Summary

ERROR CAUSE Reported The device resumes
Method normal operation
Overvoltage Error (OVE) PVDD level rises above that specified by | None Immediately after PVDD
OVEgTH level  returning  below
OVEFrn
Clock Error (CLKE) One or more of the following errors has | \FAULT  and | Immediately after Clocks
occurred: Register returning to valid state
1. Non-supported MCLK to
LRCK and/or SCLK to LRCK
Ratio;
2. Non-supported MCLK or
LRCK rate
3. MCLK, SCLK, or LRCK has
stopped
Overcurrent Error (OCE) Speaker Amplifier output current has | None After a period of Trautt
increased above the level specified by
OCErn
Overtemperature Error | The temperature of the die has increased | None After a period of Trautt
(OTE) above the level specified by the OTErn

3.1 \FAULT pin

In both hardware and software Control mode, the \FAULT
pin of the HT5169 serves as a fault indicator to notify the
system that a fault of clock error has occurred with the device
by being actively pulled LOW. This pin is an open-drain
output pin and, unless one is provided internal to the receiver,
requires an external pullup to set the net to a known value.
The behavior of this pin varies based upon the type of error
which has occurred.

3.2  Over-Current Protection

The HT5169 features over-current conditions against the
output stage short-circuit conditions. The amplifier outputs
are switched to a Hi-Z state when the short circuit protection
latch is triggered. The device will automatically attempt to
resume after Tfault. If the over-current condition is still not
cleared, the device will again go into protection.

TEREAF TAERE R AR 0, HT5169
FNFAULT BEIE At is BoR, 2400 R A i
i%ﬁ’]ﬁ&ﬁ%ﬂf %5 ERAR . 1% 5] R IIREG A
b, R A AN @ HBH R e
BOEREE T 110,

HT5169 % a6 eI, KA T i, st
SR HENRTOIRES, Dy )4 2 BIRES .
25t traur IS, SR ESIERAKE, Bt
WIRECHE, SHIRE; HEiREDIE, O
F RN TIRES
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3.3  Over-temperature Protection

Over-temperature protection on the HT5169 device prevents
damage to the device when the internal die temperature
exceeds 150°C. This triggering point has a +15°C tolerance
from device to device. Once the die temperature exceeds the
thermal triggering point, the device is switched to the
shutdown state and the outputs are disabled. The device will
automatically attempt to resume after Trui. If the over-
temperature condition is still not cleared, the device will
again go into protection.

3.4  Over-voltage Protection

The HT5169 device monitors the voltage on PVDD voltage
threshold. When the voltage on PVDD pin exceeds the over-
voltage threshold, the OVP circuit puts the device into
shutdown mode. The device recovers automatically once the
over-voltage condition has been removed.

3.5 Clock error detection

When any clock of MCLK, SCLK, LRCK halt or shifted to a
non-supported speed, the device reports Clock Error in bit
[1:0] of Register 0x17 and \Fault pin. The device recovers
automatically once the clock-error condition has been
removed.

4  Device Functional Modes
4.1  Software Control and Hardware Control

The HT5169 device can be configured via an I°C
communication port which is software control mode. Once
all powers (VBAT, AVDD, DVDD) are brought up and
stable, the device is ready for software control. Before the
device is configured into operation (that is bring \SD pin to
high, or write Bit “SD” into 1), configure the device via I>’C
in the manner required by the use case, e.g., bit “Format”.

For systems which do not require the added flexibility of the
I2C control port or do not have an I*C host controller, the
HT5169 can be used directly in Hardware Control Mode
with default configurations. The only external I/O that can be
controlled in Hardware Control Mode is the \SD pin.

4.2  Speaker Amplifier Shut Down (\SD pin)
The \SD pin is provided to place the speaker amplifier into
shutdown. Driving this pin LOW will place the device into
shutdown, while pulling it HIGH will bring the device into
operation. The shutdown mode is the lowest power
consumption mode that the device can be placed in while the
power supplies are up.

However, when \SD pin is pulled low, the software control
mode is ready, the device is still capable of being configured
through I2C port. If the \SD pin is pulled low, and bit SD is
written into 1, the device is in operation mode. See as the
following table.

IR AR TE S NI 2 R 3] 150 C R R
Az, PABR IS AR, R F HE N S RIR S
23t travr NG, SR ESIZEIKE, it
FRESCWH R, SRS AtERSIE, &
RN IR

4 PVDD HJEE T ERY S (OVERTH)
I, O HENGRPURES, B %MW . 24 PVDD ik
Fid EAR# P 5 (OVErm) Ja, & A LRI B3k
.

4 MCLK. SCLK. LRCK % 1B AN S 7
(I Z ], & AR IOIRES , \FAULT JHIHA,
A 77 OX17 14 bit[1:0)5 E LA TN BoR o 24
IR, SR SLRIE SRR, \FAULT K5
By AT ARSI .

HT5169 mJ LUE 12C @il TR E
Bk, 24 VBAT. AVDD. DVDD
fag, SR R AR R CE R 2E . 750
Frit N TARRAS CH\SD i &1, 550% Bit “SD”
5 1) H, FEEEL 12C Bl A E T R
& (Un bit “Format’2:).

WTFATRERIGHIRE , 8% F 1PC EHL
N, HT5169 nl LR/, it /L
VETEBRINBCE , A — ] 45 il (¥t 1R W\SD

\SD JHIFLAKET, & F 3t A CWiEi=; \SD #i
my, SN TARRS . RIS, &
HENRIFEIRES

T EVER S, \SD HARES, 3O F %

HRE AT b T HE S IR 'u)ﬂTJTLJ‘I 12C
FEdl, R Bit SD B 1, SR HEAN T
YEIRAS . IR .
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Table4 \SD pin and Bit SD

\SD pin Bit SD Mode
LOW 1 Normal operation
LOW 0 Shutdown mode
High 0 Normal operation
High 1 Normal operation
4.3  Operating Modes

The HT5169 device can be used with 3 different operation
modes, can be configured by Register 0x19: Class D mode in
ACF-off mode with boost converter on, Class D mode in
ACF-on mode with boost converter on, Class AB mode in
ACF-off mode with boost converter off.

4.3.1 ACF-on Mode

In ACF-ON modes, HT5169 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 HT5169 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 16dB.

HT5169 AJiEid 27 725 0x19 ¥ & AN A fh) T

PEREA:
D HE R, ACF-off, JHEIF
D 2438, ACF-on, JHE
AB Z5# 30, ACF-off, &% H];

£ ACF-ON =T, 22 Ht e I 2 fay A\ A5
1 P KT A At D TOER, HT5169 Jlid
PRy A B — R R BR FE 1
THITR BT FK, ks 7 & AU .
ItAh, 2 PVDD R, HT5169 MR8 H 3 3%
f s, SCBlS PVDD R FEEAHUTEC 1 5K

B R G A,

IR R 70 Hil Ty 4 7K T o

ACF ON =R R e sl (Attack time)
FRTE TR B KAE 5, RGN 2 B ARy a8
-3dB [P} [a]; B ] (Release time) #8774
TN SR AR %, 1 208 HE S 0IRAS (I IF]

HT5169 i KIE s oy 16dB.

. e ™
(1) Excessive Inputs - ) Total ACF ON Poak +
Initial Gain " €
AAAVAVAVAVAVAY ALY " Gain  [Output WW\/\/\/VV\/\/\/
° Av=Avy+Aa ¢ ) P l Peak -
~ J Attack Time Release Time
Excessive Clipping
Inputs @ Detection ACFE OFF
) SEEEE— Peak +
Attenuation Peak -
Gain
-10dB<Aa<0
. . e N ACF ON
(2) Appropriate inputs N ) Total l\ ———————————— i
AVAVAVAVATAVIA LYY Initial Gain Gai PVDD
Av, &l M‘y\/\W\/\/\/\M\/\/\/ ¢ Decrease
0
Av=Av,+Aa -
. J Ve
Power Supply Clipping k
Decreasing Detection Attack Time  Release Time
ACF
Attenuation
Gain
-10dB<Aa<0

Figure 7 the ACF Function Operation Outline
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Table5 Attack time and Release time

ACF mode

Attack time

Release time

ACF-ON 50ms

64ms

4.3.2 ACF-off Mode

In ACF-Off mode, ACF function is disenabled. HT5169 will
not detect output clipping and the system gain is kept to be
Av=Av0. The audio quality would worsen due to clipping
distortion.

4.3.3 Class AB Mode

HT5169 works as Class AB audio Amplifier when EMI is
highly concerned (such as FM applications). In this mode,
ACF function is off, and the boost converter is disenabled.

4.4 BOOST Converter
The HT5169 integrates a boost convter that converts the
input power VBAT into a higher voltage PVDD which serves
as the power supply of audio power amplifier.

4.4.1 Setting Output Voltage

The output voltage PVDD 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. Some typical output voltages can be
got by following settings.

RP RD

PVDD FB

f£ ACF-Off f3UT, ACF IRt <M,
HT5169 A i Bl TRAR A AR, AT R 4t
WA B sR B ERAE, KRG IREFY Av=Av0
fEE AL . HT5169 F] BE PR i Hh A7 AL 2K T

2 EMI 2R ™% (1 FM 376, HT5169
ATLATAELE AB 288K, LI ACF-off, JHE¢
i

HT5169 W& 7 F+ 1k H%, ¥ VBAT LT
% PVDD, #EThifhH,

Boost F AR )i HE PVDD 1] H 4k
oo &, w N KB Frox, PVDD =
1.24*(Rd1+Rd2)/Rd2. BUHE 1 F 3%, F 4R
P S s N A T 40

o

CD

Figure 8 FB Terminal Configuration

Table6 Output Voltage Setting

PVDD RP RD CD

5.0V 510K 165K 3.3nF
6.5V 510K 120K 3.3nF
7.0V 510K 110K 3.3nF
7.5V 510k 100k 3.3nF
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4.4.2 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.

Rix

CLX I

fEf PVDD Bk, HIIRER. &5
BAVBRIER T, @ITE LX s RC, 4
Kl 2, feteF|faE DCDC HIYEM. 3IAM RC,
KR R B AS B HBRIRR AR, B
HA 5 R IR A DG EE 5 R AE I RC 5 M7
R RC RURTTAESEIT LX 51 IKCE .

LX

10nF

Figure 9 LX Terminal Configuration

4.4.3 Capacitor Selection

The input and output capacitor (Civ and Court) 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.

4.4.4 Inductor Selection

The inductor is selected based on different conditions.
Normally, L=2.2uH, DCR<1ohm, and do make sure that Isar
is higher than the maximum peak current of input power
supply..

4.45 Schottky Diode Selection

Vrrm > 12V, Vem<<0.5V, and do make sure that Ir is higher
than the maximum current of output power supply.

T HE VBAT 4 BOOST JHE G
PVDD EE: it 255 AR, T AR e 1A
B R AR B B RORIRS), Xy, R R UE
WtAE R L,

TAIEIL, 7F VBAT A1 PVDD i /0 E
—2H 1uF A1 10uF Beib s, TR ar Al fa
SEHLE, R ATRESETS A 5. F4h, VBAT
F1 PVDD iy 75 45 B — AN/ NT 220uF [ fiffe
B2, WHRATRE, E 470uF HZE. XEEHEE
I DR A PR B AR e e 22 22 i T SE 3, DU R0

NARES A IE R TAE, @i L=
4.7uH, DCR<1ohm, ISAT = 2.5 A. {E%iH
PVDD %K AEHIIZREK . & SRR S
BN, OE MR R L BRI H

NPRUES A IR IR AR, B BEH Ve >
12V, Vem<<0.5V, [r=1.5 A [l HFER: R . 1
fth PVDD BUK. MEHIDIRECR, H RPN
RIEOLT, NIE S e BORK RS )

paren
E o
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4.4.6 Layout Consideration

The power traces, consisting of the GND, LX, VBAT 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.

Place Civ and Cour near VBAT and PVDD as closely as
possible to maintain voltage steady, and filter out the pulsing
current.

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

The GND of the IC, Ciy and Cour should be connected close
together directly to ground plane

45 12C Control Port
45.1 I2C Device Address

Each device on the I?C bus has a unique address that allows it
to appropriately transmit and receive data to and from the I2C
master controller. As part of the I?C protocol, the I°C master
broadcast an 8-bit word on the bus that contains a 7-bit device
address in the upper 7 bits and a read or write bit for the LSB.
The HT5169 has a configurable I>°C address. The ADR[1:0]
can be used to set the device address of the HT5169. The I>C
device address is configured as “11011xx [R/W]”, where “xx
corresponds to the state of the ADR[1:0] pin at first power up
sequence of the device. [R/W] represents 1 when writing,
[R/W] represents 0 when reading.

HLJRZE (VBAT, PVDD, A4 H s ],
LX 4, MRATREATRAE. M. BEI LI LE
e, PURRANER LX 35| 4k, HIF A Z 22 500
EMI;

VBAT F1 PVDD i Ciny MR 1] B FELT 8 F 5
JE, DAERAIE B s B ASUE 5

43R Rp A1 Rd MR & 5L FB,
FB G2 B B TR, W LX i P A
S

IC [y, MR fHE AR R BRI AR T A5
P A0 E AT SE L

BT PC Bk LB —Mh—E =
[Ptk DS IR (R R £ b AL &2 12C 4L
FoN 1PC FEMLEENCEEE. 1EN 1PC P —348
55, PC ENTELL L) A 8 T, %F
TS 7 AL 7 AL A LR LSB 1
fi7. HT5169 ifEiL 5| ADR[1:0]7] % & 12C
HEo 12C HBHEED N 1101xx [RIW], Hid “xx” %
7~ EHI S ADR[1:OJFPIRAS, k4T i /E
BHR/WIHKE 0, “iHTE5HAERRWILE 1.

Table7 12C Address Configuration

ADR[1:0] IIC Address for Reading IIC Address for Writing
LL 0xD8 0xD9
LH 0xDA 0xDB
HL 0xDC 0xDD
HH 0xDE 0xDF
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4.5.2 General Operation of the I*C Control Port

The HT5169 device has a bidirectional I2C interface that is
compatible with the Inter IC (I>C) bus protocol and supports
both 100-kHz and 400-kHz data transfer rates. This is a slave-
only device that does not support a multi-master bus
environment or wait-state insertion.

The I>C bus employs two signals, SDA (data) and SCL (clock),
to communicate between integrated circuits in a system using
serial data transmission. The address and data 8-bit bytes are
transferred most-significant bit (MSB) first. In addition, each
byte transferred on the bus is acknowledged by the receiving
device with an acknowledge bit. Each transfer operation
begins with the master device driving a start condition on the
bus and ends with the master device driving a stop condition
on the bus. The bus uses transitions on the data terminal (SDA)
while the clock is at logic high to indicate start and stop
conditions. A high-to-low transition on SDA indicates a start,
and a low-to-high transition indicates a stop. Normal data-bit
transitions must occur within the low time of the clock period.

The master generates the 7-bit slave address and the read/write
(R/W) bit to open communication with another device and
then waits for an acknowledge condition. The device holds
SDA low during the acknowledge clock period to indicate
acknowledgment. When this occurs, the master transmits the
next byte of the sequence. Each device is addressed by a
unique 7-bit slave address plus R/W bit (1 byte). All
compatible devices share the same signals via a bi-directional
bus using a wired-AND connection.

Use external pull-up resistors for the SDA and SCL signals to
set the logic-high level for the bus.

HT5169 12C £ NS R afEi, %Y
12C S P Z, FE3ZHF 100 kHz #1400 kHz
BRI R . X — PR, A2 ML
M ZRINEE, AR RN

12C B B AW AME 5, SDACHIE) Fi1 SCL
(BT, 75 RS0 a2 (a4 e A7 Hodi A%
FrEAT G MR RI RO 1Y 8 AT B Safk i i
EAE AL (MSB). bk, B2k FAEHREA T
RS A A BIAAL (ACK) BEATHIA . B4
FE AR E I B A4 R Bh 8 28 1 1) 8 B 2 A4 T 46
I LA B A4 IR B 2R 12 I 2R 45 0R . i B
Ab T AR T, R BE & (SDA)
ROk TR N R s A 1 4. SDA L&
ES [ A i (P (1S Pt N o | T
FAV B A 3 45 D0 ZLAE I B O IR A2

TR 7 A KL IE RIS (RIWD £7,
DT I 5 15— /N & BIEAE , SR G SRR IN & 1F
TERZ I RPN, W& fReF SDA K, BUE/R
Wik AR AEXFEN, FHURIEFFI T —
ANFAT . B/ AME— 7 SR I E
RIW i1 (1 15D BT A7 a5 i I B A
HILZER.

SDA 1 SCL 75 i AN b F7 Fa PHA 22 2 4
L

—

7-Bit Slave Address W A | 8-Bit Register Address (N) | A

8- Bit Data for

8- Bit Data for

Register (N) Register (N+1)

|

SDA_f—I :
|

|

|

|

716|5|4]3|2|1]0 7|16|5|4|3|2|1]0 7

6

514|3|2|1]0 7]16|5|4|3|2|1]0

:_|HMMLFHMMMLFHMMMHHMHMHﬁj:

| = = A\
D OLOLIOTEOOOOOCOOTIOOOODDOLTN

Stop
Condition

Data Byte

Figure 11 Single-Byte Write Transfer
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Copyright©2020, Jiaxing Heroic Technology Co., Ltd -35-

09/2020 — V0.1



fll_@ HERQIC HT5169

I2S Input Stereo Class D Amplifier
Figure 12 Multiple-Byte Write Transfer

Regaes o
Cn&r:;m Acknowledge Acknowledge | Acknowledge Mn::edge
| o | A

QO OO0 ERPERKX)

1C Device Address and Register PPC Device Address and Data Byte Stop
Read/Write Bit Read/Write Bit Condition
Figure 13 Single-Byte Read Transfer
Repeat Start
Start Condition Not
Condrhm Admu-dadge
U w@@@@
12G Devics Address and Regisier 12C Device Address and ~ First Data Byte  Other Data Bytes  Last Data Byte Smp

Read/Write Bit Read/Write Bit Condition

Figure 14 Multiple-Byte Read Transfer
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5  Register Map
Table8 Register Map

Register Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 E:/e;itgt
0x10 Digital Clipper Level DigClip[19:12] FFh
0x11 Digital Clipper Level DigClip[11:4] FFh
0x12 Digital Clipper Level DigClip[3:0] SLEEP SD ‘ MUTE_A SPEED FOh
0x13 Data Format Word_Length TDM_Offset TDM_Slot 00h
0x14 HPF Byps Left_Mix Right_Mix Fade MUTE_L MUTE_R ‘ Digital Boost 90h
0x15 Left channel volume control CFh
0x16 Right channel volume control CFh
0x17 ch_Shift | Fade Mode SCL'ENDET CLKEBET— Reserved CLK_Error | SCLK Error | 33h
0x18 Reserved Analog Gain Reserved 02h
0x19 folassD Operation Mode Reserved 70h

The register details are as follows. The blue fonts are the default settings when powering on.
WAE A VRS BT o O Ay BRI BB EDIRES .
Register Address: 0x10 (default FFh)
Bit R/IW Label Default | Description
7:0 R/W | DigClip[19:12] | FFh The digital clipper level is decoded from 3 registers: DigClip[19:12], DigClip[11:4] and DigClip[3:0]. The
default value is the highest value of the level.
Register Address: 0x11 (default FFh)
Bit R/IW Label Default | Description
7:0 R/W DigClip[11:4] FFh The digital clipper level is decoded from 3 registers: DigClip[19:12], DigClip[11:4] and DigClip[3:0]. The
default value is the highest value of the level.

The digital clipper level determined by DigClip[19:0] is the maximum output threshold level from DAC transferring to
the analog Amplifier. The default value of the digital clipper level is the full scale of DAC output, and decreasing the
value of DigClip[19:0] will decrease the digital clipper level as well.

Register Address: 0x12 (default FOh)

Bit R/IW Label Default | Description

7:4 R/W DigClip[3:0] | 1111 The digital clipper level is decoded from 3 registers: DigClip[19:12], DigClip[11:4] and DigClip[3:0]. The
default value is the highest value of the level.

3 R/W SLEEP 0 0: the device is not in the SLEEP mode;
1: the device is in the SLEEP mode.
In sleep mode, the analog Amp is muted, and the digital circuit works with lower current dissipation.

2 R/W SD 0 0: the device is shut down;
1: the device is not shut down;

Notice that if the device is truly shutdown also depends on the \SD pin, see Speaker Amplifier
Shut Down (\SD pin).

1 R/W MUTE_A 0 0: The analog Amp output is not muted

1: The analog Amp output is muted

0 R/W SPEED 0 0: Serial Audio Port will accept sample rates between 8k — 96kHz
1: Serial Audio Port will accept sample rates between 96kHz-192kHz
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Register Address: 0x13 (default 00h)

Bit R/W Label Default Description
7:6 R/W Format 00 Control the Serial Audio Port data format
00: I1°S

01 : Left justified

10: Rright justified

11: TDM

5:4 R/W | Word_Length 00 Control the Serial Audio Port sample word length
00: 32bits

01: 24 bits

10: 20bits

11: 16bits

3 R/W | TDM_Offset 0 Control the offset of TDM data in the audio frame. The offset is defined as the number of SCLK
from starting (MSB) of audio frame to the starting of the desired audio sample, see Figure 5 TDM
Audio Data Format.

0: offset = 0 SCLK
1: offset = 1 SCLK

2:0 R/W | TDM_Slot 000 Control the slot number of TDM data in the audio frame. The slot number is defined as Figure 5
TDM Audio Data Format.

000: Slot0_A + Slot0_B;
001: Slot1_A + Slot1_B;

111: Slot7_A + Slot7_B;

Register Address: 0x14 (default 90h)

Bit R/W Label Default | Description
7 R/W | HPF Byps 1 0: The internal high-pass filter in the digital path is bypassed

1: The internal high-pass filter in the digital path is not bypassed

6 R/W | Left_Mix 0 : Left channel mixer is disabled

: Left channel mixer is enabled, so that left = 1 / 2(left+right)

: Right channel mixer is enabled, so that right = 1 / 2(left+right)

: Volume fading is disabled;

0
1

5 R/W | Right_Mix 0 0: Right channel mixer is disabled
1
4 R/W | Fade 1 0
1

: Volume fading is enabled

3 R/W MUTE_L 0 MUTE the L channel digital output:
0: the left channel is not muted

1: the left channel is muted

2 R/W MUTE_R 0 MUTE the R channel digital output:
0: the right channel is not muted

1: the right channel is muted

1:.0 R/W | Dig Bst 00 Digital Boost setting

00: +0dB is added to the signal in the digital path
01: +6dB is added to the signal in the digital path
10: +12dB is added to the signal in the digital path
11: +18dB is added to the signal in the digital path
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Register Address: 0x15 (Default CFh)
Bit R/W Label Default | Description

7:0 R/W | Vol_L CFh Left channel Volume control

1111,1111: +24dB;

1111,1110: 23.5dB

...... Gain decreased by 0.5dB every step

1100,1111: 0dB

...... Gain decreased by 0.5dB every step

0000,0111: -100dB

Any setting less than 0000,0111 places the channel in MUTE

Register Address: 0x16 (Default CFh)
Bit R/W Label Default | Description

7:0 R/W | Vol_R CFh Left channel Volume control

1111,1111: +24dB;

1111,1110: 23.5dB

...... Gain decreased by 0.5dB every step

1100,1111: 0dB

...... Gain decreased by 0.5dB every step

0000,0111: -100dB

Any setting less than 0000,0111 places the channel in MUTE

Register Address: 0x17 (default 33h)

Bit R/W Label Default Description
7 R/W | ch_Shift 0 0: The left and right channels are not shifted
1: The left and right channels are shifted
6 R/W | Fade_Mode 0 0: The volume is fading by 0.5dB/8TLrck
1: The volume is fading by 0.5dB/TiLrck
5 R/W | SCLK_DET EN 1 SCLK error detection, such as SCLK missing detection, SCLK range detection, SCLK/LRCK

detection. If error detection is enabled, once any such error is detected, the relevant error flag
will change to 1.

0: SCLK error detection is disabled;
1: SCLK error detection is enabled.

4 R/W | CLK_DET_EN 1 Audio serial port clock error detection, including SCLK, MCLK, LRCK. Once any error such as
missing or wrong range of these clocks is detected, the relevant error flag will change to 1.

0: CLOCK error detection is disabled;
1: CLOCK error detection is enabled.

3:2 R Reserved 00 Unused, make it always 00

1 R CLK_Error 1 Changes to 0 when Clock Error is detected;
back to 1 when Clock Error evacuated;

0 R SCLK_Error 1 Changes to 0 when SCLK Error is detected;

back to 1 when SCLK Error evacuated;

Register Address: 0x18 (Default 02h)

Bit R/IW Label Default | Description
7 R Reserved 0 Unused, make it always 0
6:4 R/W | A_GAIN 000 Set analog gain: (Not available yet)

000: Gain = 25.9dB (Class D); 19.3dB (Class AB) | 001: Gain = 22.7dB
010: Gain = 20.4dB (Class D); 16.5dB (Class AB) | 011: Gain = 18.6dB
100: Gain = 17.1dB (Class D); 14.3dB (Class AB) | 101: Gain = 15.8dB
110: Gain = 14.7dB (Class D); 12.6dB (Class AB) | 111: Gain = 13.7dB
3.0 R Reserved 0010 Unused, make it always 0010

Class D); 17.8dB (Class AB
Class D); 15.3dB (Class AB
Class D); 13.4dB (Class AB
Class D); 11.9dB (Class AB

||~
N2l Nl N2 e
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Register Address: 0x19 (default 70h)

Bit R/W Label Default Description

7 R/W Class D|O 0: 410kHz; 1: 480kHz
Carrier  clock It is only changed when the device is brought from shutdown back into operation after this bit is
frequency changed.
felassD

6:4 R/W | Operation 111 111: Class D mode in ACF-off mode with boost converter enabled
Mode 100: Class D mode in ACF-on mode with boost converter enabled

010: Class AB mode in ACF-off mode with boost converter disabled
3:0 R Reserved 0000 Unused, make it always 000
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6  Typical Applications
6.1 Startup Procedures

1. Configure I/O pins (ADR[1:0]); 1. 5 IADR[1:0]¥ B &4 ik

2. \SD pin = Low; 2. \SDJHIFIE;

3. Bring up power supplies (it does not matter if VBAT, 3. B EVE (CBREWRIRA R, VBAT. AVDD.
AVDD or DVDD comes up first, provided the device is DVDD |- 145 5 IR 5T P 4% 3R

held in shutdown);

M2, N % .
4. Once power supplies are stable, start MCLK, SCLK, 4. HHIRRAESS, JTHMCLK, SCLK, LRCK;

LRCK; 5. ENNCHATIEMMACE, 1“Format” 45 ('R
5. Configure the device via the control port in the manner KR “A™);
required by the use case; especially bit “Format” (as “A” 6. \SDIAHLE, HEbit“SD” N1 (FEE 0x12

shown in the following figure). Bt 2):
6. Once power supplies and clocks are stable and the control . . e e .
port has been programmed, bring \SD pin High, or write 7. ERPFIENIET TR 4575 2 DR SDINGE

bit “SD” (Bit 2 of Register 0x12) as 1; AR 51N o S AT AT I TICEA T H A Bl &
7. The device is now in normal operation. Fade in SDIN if CRETH “B™

needed. The device is still configurable through IIC port. HARK a0~ B Figure 1541 % Table 9
(as “B” shown in the following figure)

The sequence diagram is shown in Figure 15 and Table 9.

VBAT+AVDD

DVDD

S(MCLK+LRCK+SCLK)

11C(SCL+SDA) A : B

if in software control mode

sD
Figure 15 Power-on Sequence
Table 9 Recommendations for Power-on Timing
Symbol CONDITION MIN TYP MAX UNIT
tl 0 ms
t2 0 ms
t3 1 ms
t4 1 ms
t5 200 ms
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6.2 Power down Procedures
1. The device is in normal operation;

2. Fade out SDIN if needed; The device is configurable

through IIC port before power off;

3. Pull \SD pin Low, or write bit “SD” (Bit 2 of Register

0x12) as 0;

4. The clocks can be stopped, and power supplies brought

down;

5. The device is now fully shutdown and powered off.

The sequence diagram is shown in Figure 16 and Table10.

N

P AT TARIRES,

1 T BB SDINYER H s #8447 v] 78 52 P 22 R/
ENETCH & ;

B\SD I FLAK, BLEbit “SD” N0 (1748
0x12/¥Bit 2);

MCLK, SCLK, LRCK ], 4R )5 B %
A O,
PRI 40 R & Figure 16 F1Table10.

VBAT+AVDD

DVDD

IIS(MCLK+LRCK+SCLK)

b

IIC(SCL+SDA) C t

if in software control mode

SD

Figure 16 Power-off Sequence

Table10 Recommendations for Power-off Timing

Symbol CONDITION MIN TYP MAX UNIT

b 1 ms
Fade-out disabled 1 ms

t2
Fade-out enable 45 ms

t3 1 ms

ta 0 ms
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7  Typical Circuit Diagram

DVDD D\£|E)D DVDD DVDD DVDD DVDD
[
8 7 5 4 3 2 c4 L
0K 0K 0K 0K 0K 0K WF T
P8 »7 3
1 1 scL SDA 1 AULT pvbp_ RL Av a ouT+ N
—= DVOD_—AVED g -
;ADRl ;ADRO :ZiSD R 2 2 — 220R lcu
v < inF -
© o d T ute_ |,
L L L & 99 “‘ OUTN a
= = = U1
= - c12
5 28gEE ¢ u  Tor
SD/ “ 2 22000 OuT- n
25DA - 220R
3SCL |
(T sD ‘
—A|I" SD NC |
DypD zgf SDA oUTN .
c1 scL OUTN
“”7 } 5 DVDD L PVDD P\%DD
0.1uF ABAT ADRO = PVDD L |
) C2 £oRL ADR1 BGND [—2 I
:|_ - \”——H—« MELE T 1 Mok LX
DVDD, DVDBT— 10uF
| I P9 c3
okl oLk “Mf_“_ ¥z¥9
CLK 0 SCLK 10uF 0GEQ wmOx
LRCLK 4 IRCIK u HT5169Q2
| I 1 1 — 393 Rp
il 5 I 2 v 120k
PVDD VDB —' <z .
— - o o b
— * @l o
= S— c1 Rd
- = 3.30F] 24k
VBAT i
a1
T Lx X D1
1 v Bt
2 l 47uH $532/5%52 l
4 9 c10 Rx ic; o cs ==
cs T 10UF 1UF 1R mtﬂ— 1UFT
4700F] ——

T470UF
Cx =
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8 PCB Layout

8.1 Top Layer
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8.2  Bottom Layer
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B PACKAGE OUTLINE

D — e o
N22 [——-l N28
Jutlguuulu
o ) CInt
) |
D) = (-
—+ () ) —~+ -
= =
— D1 —
N5 (-
AAANNAN
b N8
Top View Bottom View

=
5y A 8 8 B
< i
2
Side View
Dimensions In Millimeters Dimensions In Inches
Symtol Min. Max. Min. Max.
A 0.700/0.800 0.800/0.900 0.028/0.031 0.031/0.035
A1 0.000 0.050 0.000 0.002
A3 0.203REF. 0.008REF.
D 4.900 5.100 0.193 0.201
E 4.900 5.100 0.193 0.201
D1 3.050 3.250 0.120 0.128
E1 3.050 3.250 0.120 0.128
k 0.200MIN. 0.008MIN.
b 0.180 | 0.300 0.007 | 0.012
e 0.500TYP. 0.020TYP.
L 0.450 | 0.650 0.018 | 0.026
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IMPORTANT NOTICE
EE

Jiaxing Heroic Electronic Technology 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.

FEMARIE T RHCA IR A (BURRFARHT) GREX 6 RS SCMBEf2e. 1B, 2. deg b, =ifsik
PR = S AR SS IBCR . 2 P 7R T SR AR P BT R AR T AR 215 B el e M.

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

HT R AH 9 8 AR 35 B A B B DA R 28 77 il B AR R Vit AN R AR AE ) B4

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 i A de 4R 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.

AP BAH AR RS AT SE R, EHTIHAR AT, WA AEFTA] 5T RIS =I5 BOM R 1R 3 41 58 .

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

TR AT BAIB AR BB 2 m (KA SR AN R Ty 5

FEXARNHE TR RAF

Jiaxing Heroic Electronic Technology Co., Ltd.

Hohb: WA X TR A YE %3339 5 IRC R HARE = 2

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
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