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HT5606
I2S Input Stereo Class D Amplifier

2*75W I°S Input Stereo Class D Amplifier

2x75W I2S Input, Inductor Free, Stereo Class D Amplifier

B FEATURES

- Power supply: 4.5V — 26.4V

* Audio Performance
- Output Power (BTL)

2x75W (PVDD=24V, RL=4Q, THD+N=10%)
- Output Power (PBTL)
140W (PVDD=24V, RL=2Q, THD+N=10%)

- THD+N=0.03% (PVDD=24V, RL=4Q, Po=1W)
- Noise: 75uV (Gain = 25.2dBV, A weighted)

= Audio I/0O Configuration
- Single Stereo I°S Input
- BTL or PBTL output
-32,44.1, 48, 88.2, 96kHz Sample Rates

= General Operational Features
- Selectable Hardware or I2C Control mode
- Integrated Digital Output Clipper and AGC
- Integrated Thermal Foldback Function
- Programmable 1°C Address (110110x[R/W])
- Adjustable Switching Frequency for Class D

- Robustness Features
- Clock Error, DC, and Short-Circuit Protection
- Overtemperature and Programmable
- Overcurrent Protection

- Packages: Pb-free Packages, ETSSOP32 (EPAD

up)

B APPLICATIONS
- Bluetooth/Wi-Fi Speakers - Portable Speakers
- Smart speakers - LCD TV/Monitor

* Sound Bars, Docking stations, PC Audio

FERftE
-PVDD: 4.5V - 26.4V,

- SR
- HINER(BTL)
2x75W (PVDD=24V, RL=4Q, THD+N=10%)
- BHINE(PBTL)
140W (PVDD=24V, RL=2Q, THD+N=10%)
- THD+N=0.03% (PVDD=24V, RL=4Q, Po=1W)
-l 7S 75uV (Gain = 25.2dBV, AfiniR)
- Z51/0:
- 12SH N\
- BTL=(PBTL#iH
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B DESCRIPTION
The HT5606 is a stereo Class D audio amplifier with an 12S  HT5606,2 — i 12S % A\ [1] 574K 75 D Z 4 Th ik,
input serial port. It supports a variety of audio clock ¥ LR TRESR, A5 FREZMER,

configurations via two speed modes. HT56064 T IR ZHBTL S M U\ Sh SRR
& T IRE LA R XU , L HEDK
The outputs of the HT5606 can be configured to drive two ZHPBTL 2L & e

speakers in stereo BTL mode or mono PBTL mode.

A i 20 Jos 2| Ak
The HT5606 also includes hardware and 1C control modes, ET%OE@‘ C'ETEE#I{H%EWH 3?@*’5‘ﬁ’
integrated digital clipper, AGC, several gain options, and a /\ﬁﬁ%ﬁﬁmfiﬁ‘ AGC. %}ﬁiﬁﬁﬁﬁﬁ’ SCFF
wide power supply operating range to enable use in a /RN EGEH) TAR o VEH -
multitude of applications. T MOSHIRos o2 4 110mQ, H7E A

An optimal mix of thermal performance and device cost is  FllEH — F 353 T L P .

provided in the 110-mQ RDS(ON) of the output MOSFETs. | -
Additionally, a thermally enhanced ETSSOP32 (EPAD up) %/ in 2 HETSSOP32E 2 (IS ),

provides excellent operation in the elevated ambient FAHRIHCAZIL, FEIACTHDE 5 B H
temperatures found in modern consumer electronic devices. iR E AL I TERE

B TYPICAL APPLICATION

. -4 Audio Serial Port BSTRPA + { SPEAKER A
Audio

Source
\SD OUTA-
and -
FREQ/SDA BSTRPA-
Control
SLEEP/ADR
BSTRPB + { SPEAKER B
HT5606

BSTRPB - %
BTL or PBTL mode Select ———————————3 PBTL
PVDD
Gain Select ——p———3) GAIN[L:0] Povze;jg{’/p'y
AVDD '
Limiter Level Select % SFT_CLIP
Power Limit Mode Select % LIM DVDD Powe?: ?S)\L/Jpply
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B ORDERING INFORMATION

Package Package . Shipping Package /
Part Number Type Abbr. Eco Plan MSL Level Marking MOQ
ETSSOP32 HT5606 Tape and Reel (R) /
HT5606MTER (EPAD up) MTE RoHS MSL3 YYYMAAB! 2000pcs
Part Number
HT5606 MTE

Package Abbr.

R
L Shipping Package

Part Number

Production Tracking Code

YY¥ M AA

Lot Number

Date Code - Month

B
\—> Random Code

Internal Code

L YYYMAAB is production tracking code
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B TERMINAL CONFIGURATION

GGND [z [ T 1] G6vDbD
PVDDA [T [ T ] ANA REG
PVDDA T30} [ 5 T ]vcom
BSTA+ [T ] [ 11 ANA_REF
OUTA+ [T =} [ 5 11 \FAULT
OUTA-[T= ] [ s T ]\sD
BSTA- [T} [ 7 1] FREQ/SDA
EP
PGND [T | [ 5 T ]PBTL/SCL
PGND T2 [ 5 11 pvbD
BsTB- [ 22} [0 11 GAINO
ouTs- [T [T T GAINL
ouTtB+ T2} [ = T JSLEEP/ADR
BsTB+ [T 20} [ 511 mMCLK
PvDDB [T 18] [ T T]scLk
pvops [T =11 SDIN
peND [T ] | 7T LRck
Top View
B TERMINAL FUNCTION
Temnal Name 110 Description
32 GGND G Ground for gate drive circuitry (this terminal should be connected to the system ground).
AR B 50 L
31,30 PVDDA P Power Supply for internal power circuitry of Channel A. A7 IE T3 HLJE
29 BSTA+ BST Connection point for the OUTA+ bootstrap capacitor, which is used to create a power
supply for the high-side gate drive for OUTA. OUTA+ [ 2 FE & fir
28 OUTA+ 0 Positive pin for differential speaker amplifier output A. A & ¥ H 1E i
27 OUTA- 0 Negative pin for differential speaker amplifier output A. A & H! £
26 BSTA- BST Connection point for the OUTA- bootstrap capacitor, which is used to create a power
supply for the high-side gate drive for OUTA-. OUTA- [ % L 2547
Ground for power device circuitry (NOTE: This terminal should be
2524 PGND G connected to the system ground). T3 Hh
23 BSB- BST Connection point for the OUTB- bootstrap capacitor, which is used to create a power
supply for the high-side gate drive for OUTB-. OUTB- [ % B 25 uf
22 OUTB- 0 Negative pin for differential speaker amplifier output B. B 1& i H 171 vifi
21 OUTB+ 0 Positive pin for differential speaker amplifier output B. B i % H 1F
20 BSTB+ BST Connection point for the OUTB+ bootstrap capacitor, which is used to create a power
supply for the high-side gate drive for OUTB+. OUTB+ [ %% L 247
19,18 PVDDB P Power Supply for internal power circuitry of Channel B. B i Zh & 1§
17 DGND G (Ero‘und for digital circuitry (NOTE: This pin should be connected to the system ground).
BT
16 LRCK | Word select clock for the digital signal that is active on the serial port's input data line. it
WP, B (EiE) %4
15 SDIN I Data line to the serial data port. & 47 £ #
14 SCLK | Bit clock for the digital signal that is active on the serial data port's input data line. 47

L I: Input; O: Output; G: Ground; P: Power; BST: BOOT Strap; OD: Open drain
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i ol
Master Clock used for internal clock tree, sub-circuit/state machine, and Serial Audio Port
13 MCLK | :
clocking. F:H4d
In Hardware Control Mode, places the speaker amplifier in sleep mode. In 12C Control
12 SLLEP/ADR | Mode, is used to determine the 1€ Address of the device
|42 R I N PCHs A bk FEpin; WA, YSLEEPRE IR & 51
11 GAIN1 I Adjusts the MSB of the multi-bit gain of the speaker amplifier. 1 25 ¥ & il 7
10 GAINO I Adjusts the LSB of the multi-bit gain of the speaker amplifier. #4255 & HMKAL
9 DVDD P Power supply for the internal digital circuitry. %7 s JE i
Dual function pin that functions as an 1<€ clock input terminal in 1€ Control Mode or
configures the device to operate in pre-filter Parallel Bridge Tied Load (PBTL) mode
8 PBTL/SCL I whengin Hardware ControFI) Mode. P ’ ( )
|42 i B U 9 12CH fping ARG, J9PBTLA IR & 51
Dual function pin that functions as an 1<€ data input pin in 1<€ Control Mode or as a
7 FREQ/SDA | Frequency Select terminal when in Hardware Control Mode.
|42 R 9 12C i dfping AP, 9B i & 51 i
6 \SD | Places the §p§al§er amplifier in shutdown mode while pulled low level.
PRI ThTRE 4]
5 \FAULT oD Spe_aker amplifier fault terminal, which is pulled LOWyyhen an internal fault occurs, open-
drain output. FEIRESAL, & RAERSCENRE, 5] R
4 ANA REF p Connection point for internal reference used by ANA_REG an‘d VCOM filter capagitors.
- And connect to system GND net. ANA_REG Al VCOMFJIER LIS % &, it
3 VCOM P Bias voltage for internal PWM conversion block. P #5PWM %% HR bk i s & F 5
Voltage regulator derived from AVDD supply (NOTE: This terminal is provided as a
2 ANA_REG P connection point for filtering capacitors for this supply and must not be used to power
any external circuitry). PIEBEEMH, BELUFHL AT ML
Voltage regulator derived from PVDD supply (NOTE: This pin is provided as a
1 GVvDD (0] connection point for filtering capacitors for this supply and must not be used to power
any external circuitry). PIEEEEMH, BELUFHL T ML
/ Ep ) Thermal pad up, must be good connected to heat-sink for power dissipation. TR
J, AR RSN
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B SPECIFICATIONS'

® Absolute Maximum Ratings 2

MCLK

! 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 30 \
Power supply voltage for PVDD PVDD -0.3 30 \
Power supply voltage for DVDD DvDD -0.3 4 \%
DVDD Referenced Digital Input Voltages Vi —0.3 DVDD+0.3 \
Analog Input Voltage (SFT_CLIP, LIM) Vi —0.3 GVDD \
Moisture Sensitivity Level (MSL) MSL3
Ambient Operating Temperature TA -25 85 C
Storage Temperature Tste -40 125 C
® Recommended Operating Conditions
PARAMETER Symbol CONDITION MIN TYP MAX UNIT
Power supply voltage for AVDD AVDD 4.5 26.4 \%
Power supply voltage for PVDD PVDD 4.5 26.4 \%
Power supply voltage for DVDD DVDD 2.8 3.3 3.63 \%
Ambient Operating Temperature Ta -25 25 85 C
Junction Temperature Ty -40 125 C
DVDD Referenced Digital Input Voltages Vi 0 DVvDD \%
Analog Input Voltage (SFT_CLIP, LIM) Vi 0 GVvDD \%
Minimum Speaker Load in BTL Mode Ru 4 Q
Minimum Speaker Load in PBTL Mode R 2 Q
® |/O pins
PARAMETER Symbol CONDITION MIN TYP MAX UNIT
z
Input Logic LOW threshold for All Digital /0 pins including
DVvDD Vit \FAULT, \SD, FREQ/SDA, 30 %DVDD
Referenced Digital Inputs PBTL/SCL. PBTL/SCL,
Input Logic HIGH Current Level liH1 GAINO, GAIN1, 15 UA
Input Logic LOW Current Level lL1 SLLEP/ADR, MCLK, -15 UuA
- SCLK, SDIN, LRCK
Output Logic LOW Voltage Level VoH 90 %DVDD
Output Logic LOW Voltage Level VoL 10 %DVDD
Analog Input Voltage Vi SFT_CLIP, LIM 0 GVDD \%
® Master Clock
PARAMETER Symbol CONDITION MIN TYP MAX UNIT
Allowable MCLK Duty Cycle Dwmcik 45 50 55 %
Supported MCLK Frequencies fmeLk Values |ncllg(18¢z:,152182,.192, 256, 128 512 fs
Pulse duration of MCLK high tHiGH 20.2 ns
Pulse duration of MCLK low tLow 20.2 ns
Period of MCLK tPERIOD 404 ns
st t PERIOD =
trow 8 '
i i
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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/tLRr) fs 32 96 kHz
Required LRCK to SCLK Rising Edge ts 15 ns
Required SCLK Rising Edge to LRCK edge taL 15 ns
. Values include:
Supported SCLK Frequencies (1/tecc) Fscik 32,48, 64 32 64 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
Reqwred SDIN Setup Time before SCLK tos 15 ns
Rising Edge
| I
* tr >
I I
LRCK ‘ Left X Right \L
I I tecutsc |
ItBLl t"BI | | |
] |
I-—t—'l ! | | 1 |
BCC | I
I
I

® Protection Circuitry

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
PVDD Overvoltage Error Threshold OVERTH PVDD Rising 28 \Y,
PVDD Overvoltage Error Threshold OVEFTH PVDD Falling 27 \%
PVDD Undervoltage Error Threshold UVERTH PVDD Falling 4.2 Y,
PVDD Undervoltage Error Threshold UVEFTH PVDD Rising 4.4 Y,
Overtemperature Error Threshold OTEmH 150 °C
Overtemperature Error Hysteresis OTEHhys 15 °C
Thermal foldback trig point TFB 135 °C
Thermal Foldback Attack Time ta_TFB 1200 ms/dB
Thermal Foldback Release Time ta TFB 2400 ms/dB
Overcurrent Error Threshold for each BTL Output | OCEtH OCErx =00 10 A
DC Error Threshold DCEH 2.6 \%
Speaker Amplifier Fault Time Out period Ttault DCE 650 ms

DCE or OCP 1.3 S
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® Speaker Amplifier in All Modes

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
Speaker Amplifier Gain with
SPK_GAIN[1:0] Pins = 00 AVoo 25.2 dBv
Speaker Amplifier Gain with
SPK_GAIN[1:0] Pins = 01 AVou 28.6 dBv
Speaker Amplifier Gain with
SPK_GAIN[1:0] Pins = 10 AVio 31 dBv
Speaker Amplifier Gain with .
SPK_GAIN[L:0] Pins =11 AV (Set via I:C)
. BTL 5 mvV
Speaker Amplifier DC Offset [Vos|
PBTL 10 mVv
Speaker Amplifier Switching Frequency
when PWM_FREQ Pin = 1 fspi_amp() 16 fs
Speaker Amplifier Switching Frequency
when PWM_FREQ Pin = 0 fspr_amp() 8 fs
On Resistance of Output MOSFET (both
high-side and low-side) Ros(on) 120 mQ
fs =44.1 kHz 37 Hz
—3-dB Corner Frequency of High-Pass o fs = 48 kHz 4 Hz
Filter fs = 88.2 kHz 7.4 Hz
fs =96 kHz 8 Hz
® Speaker Amplifier in Stereo Bridge Tied Load (BTL) Mode
PARAMETER Symbol CONDITION MIN TYP MAX UNIT
PVDD = 12 V, SPK_GAINJ[1:0] Pins = 00, 74 pVrm
Idle Channel Vv Rspk = 8 Q or 4 Q, 20-20kHz, A-Weighted S
Noise N PVDD = 24V, SPK_GAINJ[1:0] Pins =10, 140 pVrm
Rspk = 8 Q or 4Q, 20-20kHz, A-Weighted S
Signal to Noise PVDD = 12V, SPK_GAINJ[1:0] Pins = 00, 98 dB
Ratio SNR Rspk = 8 Q or 4Q), 20-20kHz, A-Weighted
(Referenced to PVDD = 24 V, SPK_GAIN[1:0] Pins =10, 100 dB
THD+N=1%) Rspk = 8 Q or 4Q, 20-20kHz, A-Weighted
PVDD =12V, Rspk =4 Q, THD+N = 1% 15 w
PVDD =12V, Rspk =8 Q, THD+N = 1% 8.4 w
PVDD =15V, Rspk =4 Q, THD+N = 1% 22.5 w
Maximum PVDD = 15 V, Rspk = 8 Q, THD+N = 1% 13 W
Output Power Po
Per. Ch. PVDD =18V, Rspk =4 Q, THD+N = 1% 25 w
PVDD = 18V, Rspk =8 Q, THD+N = 1% 18.5 w
PVDD =24V, Rspk =4 Q, THD+N = 1% 60 w
PVDD =24V, Rspk =8 Q, THD+N = 1% 32 w
PVDD=12V,Rspk =4 Q,Po=1W 0.05 %
PVDD =12V, Rspk=8 Q,Po=1W 0.03 %
PVDD =15V, Rspk =4 Q,Po=1W 0.05 %
Total Harmonic PVDD =15V, Rsek =8 Q, Po=1W 0.025 %
Distortion and THD+N
Noise PVDD =18V, Rspk =4 Q,Po=1W 0.045 %
PVDD =18V, Rspk =8 Q,Po=1W 0.02 %
PVDD=24V,Rspk =4 Q,Po=1W 0.04 %
PVDD =24V, Rspk =8 Q,Po=1W 0.02 %
PVDD = 12 V, SPK_GAIN[1:0] Pins = 00,
Cross-talk (worst Rspk = 8 Q, Input Signal 250 mVrms, 1kHz -92 dB
case between X-Talk Sine
LtoR and RtoL PVDD = 24V, SPK_GAINJ[1:0] Pins = 10,
coupling) Rspk = 8 Q, Input Signal 250 mVrms, 1kHz -93 dB
Sine
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® Speaker Amplifier in Mono Parallel Bridge Tied Load (PBTL) Mode

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
PVDD = 12 V, SPK_GAIN[1:0] Pins = 00, Rspk 75 pVrm
Idle Channel Vv =8 Q, A-Weighted S
Noise N PVDD = 24 V, SPK_GAIN[1:0] Pins =10, Rspk 140 pvVrm
=8 Q, A-Weighted S
Signal to Noise PVDD = 12 V, SPK_GAIN[1:0] Pins = 00, Rspk 99 dB
Ratio SNR =8 Q, A-Weighted
(Referenced to PVDD = 24V, SPK_GAIN[1:0] Pins =10, Rspk 100 dB
THD+N =1%) =8 Q, A-Weighted
PVDD =12V, Rsrk =4 Q, THD+N = 1% 16.5 w
PVDD =12V, Rspk =8 Q, THD+N = 1% 8.8 w
PVDD =15V, Rspk =4 Q, THD+N = 1% 25.7 w
PVDD =15V, Rspk =8 Q, THD+N = 1% 13.8 w
Maximum _ _ — 10
Output Power. Po PVDD =18V, Rspk =4 Q, THD+N = 1% 36.9 w
PVDD = 18V, Rspk =8 Q, THD+N = 1% 19.7 w
PVDD =24V, Rspk =2 Q, THD+N = 1% 113.5 w
PVDD =24V, Rspk =4 Q, THD+N = 1% 64 w
PVDD =24V, Rspk =8 Q, THD+N = 1% 34.8 w
PVDD=12V,Rspk =4 Q,Po=1W 0.036 %
PVDD=12V,Rspk =8 Q, Po=1W 0.018 %
PVDD=15V,Rspk =4 Q, Po=1W 0.035 %
Total Harmonic PVDD =15V, Rspk =8 Q, Po= 1 W 0.017 %
Distortion and THD+N
Noise PVDD=18V,Rspk =4 Q, Po=1W 0.035 %
PVDD =18V, Rspk=8 Q,Po=1W 0.017 %
PVDD =24V, Rspk=4 Q,Po=1W 0.034 %
PVDD =24V, Rspk=8Q,Po=1W 0.017 %
® [2C Control Port
Standard-Mode Fast-Mode
PARAMETER Symbol - = T Tve [ mAax T min | Tvp | max | N7
Allowable Load Capacitance for Each I2C Line Cob 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 e Ve | 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 tBur 4.7 1.3 us
conditions

SDA

SCL

thoan > tHiGH; i tsu(sTa) e
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® Typical current consumption

TA = 25°, PVDD = 12V, DVDD= 3.3V, No Load, BTL mode, fs = 48kHz, fspk_amp=384kHz(unless otherwise noted)

PARAMETER | Symbol | CONDITION | MIN | TYP | MAX | UNIT
IDVDD
fs=48kHz
MCLK=128%s 2.91 mA
fs=48kHz
MCLK=256%s 389 mA
fs=48kHz
. . MCLK=512*s 4.67 mA
Quiescent current in DVDD Iovop —
fs=32kHz 204 mA
MCLK=128*fs )
fs=32kHz
MCLK=256%s 2.89 mA
fs=32kHz
MCLK=512*fs 3.44 mA
SLEEP =H,
fs=48kHz 2.15 mA
. MCLK=256*fs
DVDD current consumption in sleep mode Ibvbp_sLEEP SLEEP=H,
fs=32kHz 1.97 mA
MCLK=256*fs
DVDD current consumption in SD mode Iovbp_sp \SD =L, 45 uA
- No clock
IPVDD
PVDD=12V
fs=48kHz 23.9 mA
MCLK=256*fs
PVDD=24V
fs=48kHz 27.9 mA
. . MCLK=256*fs
Quiescent current in PVDD IPVDD PVDD=12V
fs=32kHz 20.5 mA
MCLK=256*fs
PVDD=24V
fs=32kHz 23.3 mA
MCLK=256*fs
PVDD current consumption in sleep mode IPvDD_SLEEP 14 mA
L PVDD=12V 100 uA
PVDD current consumption in SD mode lpvoD_sD
PVDD=24V 150 UA
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B TYPICAL OPERATING CHARACTERISTICS

Ta=25°C, BTL mode, fspk_avmp = 384 kHz, fin = 1 kHz, unless otherwise noted. Output filter is used as 15 pH and 0.68 pF,

unless otherwise noted.

PVpp VS lpyop

PVpp VS lpypp sp

90
120
<0 Input Grounded // Input Grounded /
70 / 100 /
- 6 / ~ 80
E 50 E /
a /
£ 40 / ﬁ 60 /
30 | 40
20 MWith LC filter|
20 hutdown-current
10 e \\ithouit LC filter
0 0
5 10 15 20 25 5 10 15 20 25
Vop (V) Vpp (V)
Vpp Vs Pg Povsn
100 100
Load :lllohm
90
%0 fin= 1KHz -
BTL
70
rd ~
g P g ~ Load = d4ohm
° - = g = 1KH
- 50 / / N z
40 /‘ 40 ADE=24V-
30 — S— /DD = 20V
20 ! —THDN = 1% 20 N
10 / s THD N = 10% _
VDD = 12V
0 0
5 10 15 20 25 30 0 10 20 30 40 50 60 70 80
Vop (V) Po(W)
- THO*F Ratio vs Measwred Level 02410128 1326158425
AD Data

THD 4N Ratio (%)

=)
o

e o
o

0.1

0.03
0.02

0.01

[ 3
Wch2

THD+N vs Po,
24V, 4ohm

100m 200m  300m 500m

1 2
Measured Level (W)
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THO+H Ratie
2024/10/2813:42:51.124
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Ta=25°C, PBTL mode, fspk_amp = 384 kHz, fin = 1 kHz, unless otherwise noted. Output filter is used as 10 yH and 0.68 pF,
unless otherwise noted.

60
55
50
45
40
35
30
25
20
15
10
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90
80
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60
50
40
30
20
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PVpp VS lovpp
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/
= With LCTilfer
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B APPLICATION INFORMATION

The HT5606 is a flexible and easy-to-use stereo class-D
speaker amplifier with an I>S input serial audio port. The
HT5606 supports a variety of audio clock configurations via
two speed modes. In Hardware Control mode, the device only
operates in single-speed mode. When used in 1>?C Control
mode, the device can be placed into double speed mode to
support higher sample rates, such as 88.2 kHz and 96 kHz. The
outputs of the HT5606 can be configured to drive two speakers
in stereo Bridge Tied Load (BTL) mode or a single speaker in
Parallel Bridge Tied Load (PBTL) mode.

Only two power supplies are required for the HT5606. They
are a 3.3-V power supply, called DVDD, for the small signal
analog and digital and a higher voltage power supply, called
PVDD for the output stage of the speaker amplifier and AVDD
for analog power supply. To enable use in a variety of
applications, PVDD can be operated over a large range of
voltages, which is 4.5V —26.4V, and it is recommended to put
paralleled capacitor of 100nF//1uF//220uF between each
channel of PVDD and system ground.

1 Speaker Amplifier Audio Signal Path

HT5606 & — & 5. 5 F H R G112 5+
I D KB, HEAMMERERA, 2
FEARTRI I RFEAN R . TR, 280 TR (e
g RAE s PC B HlilT, S TR
R, AISZRRE D 88.2 kHz Al 96 kHz
KEEAIZR . HTS606 [I% H AT e B R 7 A4 75 X
W\ BTL f#arty, BepamiE o\ PBTL %t .

HT5606 1 7 2 f it i, RI7E DVDD
B i) 350 3.3V, £ PVDD (ThZ i)
Uit i1 4.5-26.4V . &EMEE ) PVDD b 8355 0
100NnF//1uF//220uF [)F£5E 2523

Digital Gain Analog Gain
(Goic) (Gana)
y AN .
—
e 3 ! .
| | H |
1 L | |
— : :
: : | Closed Loop Class D Amplifier |
| ]
HPF o Interpolation Digital v Full Bridge
) Digital Filter Clipper Digital to PWM 4.‘ Gate I:: Power Stage
Serial , is;iao‘ - L, 808?5' L |7 N L Conversion Drives A PWM
Audio In Port | 7| " vouume [ |12%28 [ |EU T orion0 D> arm Gate , Audio Out
Control . Drives Full Bridge X
Power Stage .
] : '
SFT_CLIP

Figure 1 Speaker Amplifier Audio Signal Path

1.1 Serial Audio Port

The serial audio port (SAP) receives audio in either I2S, Left
Justified, or Right Justified formats. In Hardware Control
mode, the device operates only in 32, 48 or 64 x fs I*S mode.
In I2C Control mode, additional options for left-justified and
right justified audio formats are available. The supported clock
rates and ratios for Hardware Control Mode and 1>C Control
Mode are detailed in their respective sections below.

111 S

IS timing uses LRCK to define when the data being
transmitted is for the left channel and when it is for the right
channel. LRCK is LOW for the left channel and HIGH for the
right channel. A bit clock, called SCLK, runs at 32, 48, or 64
x fs and is used to clock in the data. There is a delay of one-
bit clock from the time the LRCK signal changes state to the
first bit of data on the data lines. The data is presented in 2's-
complement form (MSB-first) and is valid on the rising edge
of bit clock.

HT5606 (1)=& 4 s A7 N2 1 SCRF 1S,
FERFE AT A% . AR T, AR
32,48 B 64 x fs IPS HN . FEHAERT,
WSCFFIEXTE XS EdERE . BRI,

PS ERFE LRCK K& SUHE4m A Ed i
T AEEE, AT ABEE. £FER
LRCK fik, A &N LRCK . —Mitsh, #i
9 SCLK, LA 32. 48 5l 64 X fs K XiziT, H
TR, M LRCK {55 BUASRA& BI 50 28
S — B 2 1A — i A AR HidE A
2 FIAMBIE R (MSB h58), fEALN & F T
WAER.
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1.1.2 Left-Justified

Left-justified (LJ) timing also uses LRCK to define when the
data being transmitted is for the left channel and when it is for
the right channel. LRCK is HIGH for the left channel and
LOW for the right channel. A bit clock running at 32, 48, or
64 x fs is used to clock in the data. The first bit of data appears
on the data lines at the same time LRCK toggles. The data is
written MSB-first and is valid on the rising edge of the bit
clock. The HT5606 can accept digital words from 16 to 24 bits
wide and pads any unused trailing data-bit positions in the L/R
frame with zeros before presenting the digital word to the
audio signal path.

1.1.3 Right-Justified

Right-justified (RJ) timing also uses LRCK to define when the
data being transmitted is for the left channel and when it is for
the right channel. LRCK is HIGH for the left channel and
LOW for the right channel. A bit clock running at 32, 48, or
64 x {5 is used to clock in the data. The first bit of data appears
on the data 8 bit-clock periods (for 24-bit data) after LRCK
toggles. In RJ mode the LSB of data is always clocked by the
last bit clock before LRCK transitions. The data is written
MSB-first and is valid on the rising edge of bit clock. The
HT5606 pads unused leading data-bit positions in the left/right
frame with zeros before presenting the digital word to the
audio signal path.

1.2 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
two separate DC blocking methods for the speaker amplifier.
The first 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. The —3 dB corner frequencies for
the filter are specified in the speaker amplifier electrical
characteristics table. 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 1 to bit
6 of register 0x15. The second method is a DC detection circuit
that will shut down the power stage if DC is found to be
present on the output due to some internal error of the device.
This DC Error (DCE) protection is discussed in the DC Detect
Protection below.

FEXFFE (L) I LRCK K5E AL %
AT T 224538, N T A58, £ BIER
LRCK &, AAIER LRCK K. — Mz, #r
A SCLK, LA 32. 48 &} 64 X fs FIidKiz1T, H
T A8 . £ LRCK Y1ty R, 55 —Ar s
HIEREL L. BdEE SN MSB, JFHTE
R b i TR Rk, HT5606 7] LI%5Z 16 3
24 frHTS, R 2GS E G S
PRAZ 2T, IS L/R Wb AR AT R A 1
AR E

FXFE (R A LRCK k& LM%
P AT T A 33, AT T A . A A
LRCK &, 41/ LRCK 1. LA 32, 48 1 64
X fs 3 F iz AT AL 8 T S i sh . 72
LRCK ¥ 5 , 55— $di tH BRAE Bds 8 A A
JAE G T 24 RiEE) . 78 RIBERT, i
LSB & 2AE LRCK #¥2 A1 i J5 —Ar it
I B B 56 5 N MSB, eI &b EFHEA L.
HT5606 76 & 45 5 1% LT 72w,
T AT 1A W A8 F PR T3 B A 7 B

S TR B S, T REIA R,
B A i H LA L T E B A R i e
PR R, HT5606 B A3 W e B m 7
v

— R E B I E AT A B EE E RS, LA
TE R 4 N 0 22 R ELIR R0 o 12 DI 2% A A
KO EHSHEERDIH . EE TR, #%
PEPEBRNRE I (EREIE AR R, %I g AT
KM (0x15 ZFA72:H) bit) .

y—HfE DC RS LS, 2 RS I 21 i H g
H—E MBS FIEHE, HT5606 28 o
iXFh DCE 1#97"¥%1F 1 DC Detect Protection
ik,
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1.3 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[1:0] pin configuration when in
Hardware Control mode. The digital boost block defaults to
+6dB when the device is in Hardware Mode. In most use
cases, the digital boost block will remain unchanged when
operating the device in I>C Control mode, as the volume
control offers sufficient digital gain for most applications.
The HT5606'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 0x13/0x14:

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 7 of Register 0x15.

1.4 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 2 shows a block

diagram of the digital clipper.

E i ST R LR 2 v AR, AR
ORGSR A AR M B, DS N
AFIRINLH o FEREPFRE T BRI 1 B 2 +6dB,
FFATE PC R, @il w sz, X
ZHHUT, HxBEEARBS.

HT5606 M%7 & mflnldEi 0x13 Al
O0x14 7281 E Mute~+24dB (%20 0.5dB).
N R AT v B A AR AR I A 2
DVC [Hex Value] = OxCF + (DVC [dB]/ 0.5 [dB])

B ENZEFA 0.5dB/BLRCK, LA
B G T B RAR P A A L X R T AR ThRE T
L 0x15 A7 as Y bit7 KM,

HT5606 fEkk 7 4= IRIEeS, LHRALMuss
AV ZE AR (0x10, Ox11, 0x12) Fc & 1P
AT v B T TR R, BT 10%
THD+N TAE o AR —FPRE BT E B 2 AN
[7) Ty 3R 45 2 1) o7 FH & s P S A . R IRT 2 B
1) A2 B0 PR 2 AR B 1]

Digital Clipper

22 Bit Audio Sample in Data Path

Digital to PWM
Conversion

%

011010_.j>_|-|_|—|_|-|n_,

20 Bit Digital Clipper Level in Control Port |_

Digital

Comparator

a%

Figure 2 Digital Clipper Simplified Block Diagram
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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.
The gain structures are discussed in detail below for both
Hardware Control Mode and I>C Control Mode.

1.5 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 gain structures are discussed in detail below for both
Hardware Control Mode and I?’C Control Mode.

The switching rate of the amplifier is configurable in both
Hardware Control Mode and I>’C Control Mode. In both
cases, the PWM switching frequency is a multiple of the
sample rate. This behavior is described in the respective
Hardware Control Mode and I>C Control Mode sections
below.

2 Speaker Amplifier Protection Suite

The speaker amplifier in the HT5606 includes a robust suite
of error handling and protection features. It is protected
against Over-Current, Under-Voltage, Over-Voltage, Over-
Temperature, DC, and Clock Errors. The status of these
errors is reported via the FAULT pin and the appropriate
error status register in the [*C Control Port. The error or
handling behavior of the device is characterized as being
either "Latching" or "Non-Latching" depending on what is
required to clear the fault and resume normal operation (that
is playback of audio).

B TR DTSR PR e R EE A L HY
%?lﬂﬁﬂlm%ﬁ ﬂﬁlﬁﬂ‘éﬁuuﬁﬁﬂ‘%?ﬁ**
PVDD ). 1928 B ERAE T 3R,

B oad B RiEss 5, N T H3 D
KN D KIS — PR A7 PWM Btk
(DPC), PWM 13 ”)”U%Biﬁﬁﬂ%%l:iﬂiﬂﬁﬂliﬁﬁtlj%i

DPC /A ml LRIETE E 138 28, FRARIR I,
PR YR A I B F1. % D %IjJﬁﬁlEI’ﬁ%U
A T SOk .

D ZETh il ) AT m] @ i i AR 0k 12C
B TR RE, BT T kA,

HT5606 HA ZFi iRy Ihae, BIESH. K
Ji~ i i DCL BB RS R . 1K LY
P8 e \FAULT ?lﬂiﬂﬂgﬂﬁﬁg‘%%ﬁwﬁﬁ{ﬁ}iﬁjo
WA Unfer 4 e i B e IR 2 1R FRTBOIR S
UL 5 4% 43 25 4 "Latching" 5 "Non- Latchlng"ﬂﬁ
M.
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Table. 1 Protection Suite Error Handling Summary

ERROR

CAUSE

FAULT TYPE

Error Is Cleared By

Overvoltage Error (OVE)

PVDD level rises above that specified by
OVERrtH

Non-latching

PVDD level returning below
OVEftH

Undervoltage Error (UVE)

PVDD level drops below that specified
by UVEgrTH

Non-latching

PVDD level returning above
UVERTH

Clock Error (CLKE) One or more of the following errors has | Non-latching Clocks returning to valid
occurred: 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 | Latching \FAULT has passed AND
increased above the level specified by \SD Pin or Bit Toggle
OCEtu
DC Detect Error (DCE) DC offset voltage on the speaker | Latching \FAULT has passed AND
amplifier output has increased above the \SD Pin or Bit Toggle
level specified by the DCErn
Overtemperature Error | The temperature of the die has increased | Latching \FAULT has passed AND
(OTE) above the level specified by the OTEtx \SD Pin or Bit Toggle AND

the temperature of the
device has reached a level
below that which is dictated
by the OTEnys specification

For latching errors, the \SD pin or the SD bit in the
control port must be toggled in order to clear the error
and resume normal operation. If the error is still present
when the \SD pin or SD bit transitions from LOW back
to HIGH, the device will again detect the error and enter
into a fault state resulting in the error status bit being set
in the control port and the \FAULT line being pulled
LOW. If the error has been cleared (for example, the
temperature of the device has decreased below the error
threshold) the device will attempt to resume normal
operation after the \SD pin or SD bit is toggled and the
required fault time out period (Traurr) has passed. If the
error is still present, the device will once again enter a
fault state and must be placed into and brought back out
of shutdown in order to attempt to clear the error.

For non-latching errors, the device will automatically
resume normal operation (that is playback) once the
error has been cleared. The non-latching errors, with the
exception of clock errors will not cause the \FAULT line
to be pulled LOW. It is not necessary to toggle the \SD
pin or SD bit in order to clear the error and resume
normal operation for non-latching errors. Table. 1
details the types of errors protected by the HT5606's
Protection Suite and how each are handled.

X} Tlatchingif %, \SD 5| i 2libit iz SD 04 4347 V)
e, MTITE RS, SRR IER TAERS. ik
A AEAE, 9\SD 5| I Ekbithz SD ML Srisf, #%
A 2 T U B R, DT P N IR, 0
AT ER BN AT RS &, \FAULTHE R - 2SRk
Pl iE bR (B2 AHR A N PR R MR L), &8
{5 AE\SD 5| JHI Bk bitfs7 SDY) ¥ )5 Teavurri 181K & 1E 5
TARRE o iRz BEAAAAE, O W B N R
ARZS, UG O A 3E N S WA =X PR HY OB =X,
O R A 2R ETERR R -

XtF Non-Latching i, 4#FigERmy, #1F
B B E B TR . XM, BT I iR,
HAII AL FENFAULT 5] IHAR . S FIx b,
ANFEEZVE\SD 5| ek bit £7 SD, & F EIAKE IE
W TAE. 3R A KX SBEIEAT T VR UL o
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2.1 \FAULT pin

In both hardware and I’C Control mode, the \FAULT pin of
the HT5606 serves as a fault indicator to notify the system
that a fault has occurred with the speaker amplifier 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.

In the case of a latching error, the fault line will remain LOW
until such time that the HT5606 has resumed normal
operation (that is the \SD pin has been toggled and Traurt
has passed).

With the exception of clock errors, non-latching errors will
not cause the \FAULT pin to be pulled LOW. Once a non-
latching error has been cleared, normal operation will
resume. For clocking errors, the \FAULT line will be pulled
LOW, but upon clearing of the clock error normal operation
will resume automatically, that is, with no Traurr delay.

One method which can be used to convert a latching error into
an auto-recovered, non-latching error is to connect the
\FAULT pin to the \SD pin. In this way, a fault condition will
automatically toggle the \SD pin when the \FAULT pin goes
LOW and returns HIGH after the \FAULT period has passed.

2.2 DC Detect Protection

The HT5606 has circuitry which will protect the speakers
from DC current which might occur due to an internal
amplifier error. The device behavior in response to a DCE
event is detailed in the table in the previous section.

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

The minimum output offset voltages required to trigger the
DC detect are listed in Table. 2. The outputs must remain at
or above the voltage listed in the table for more than 420
msec to trigger the DC detect.

FEREAE TR 12C #5188, HT5606
FNFAULT FEIE Jyiti e it , 24005 R A i e
25| IR . 1% 5| R IR S M i i, 7 2
TEAMERIE L H BH 4 22 [ 5 W, B RE & s
/0.

XFF latching ik, \FAULT B AR 45 01K,
HEGF#ENIER T/ERS (BN\SD ci#t H&
T Traver BFED,

XF T non-latching #if%, B 7 HMEhETR, H
A& S E\FULAT BIFAK. — B XISy
BEE, S BHEN RS TARIRES 0T ez,
\FAULT 5| i hifk, SbsiEbeia, O A [FREnT
SERIHENIE R TARIRES

M\FAULT IR %\SD 1, latching ghe
A #AL A RT H 3K & 1 non-latching #(5%, HEA,
PR @ \FAULT BRI, KASD B e HF
FUR DI, FETE Trauer f5\SD K E & .

HT5606 R ADCH AT, MRy e, O
F A ERAR Y, \FAULTHAR, Dhjid o)
B SPHARES . Bl teav™ B, OS5 H )
FIRAWE, HMbECER, SHRIRE; i
BPE, &R B ART IR

4 TS — G AH R RRE  f H 2E
tbia it 60% H AR+ 420ms LA EiF, DC Eif{R
P i 2 o LDy e DA K FER B AR T 2HZ (1)
AC HEREE R B,

il & DC K& e /N HE i B PR, IR R
2 Fi. frt o ORI e T R 3R B R RS
420ms 7 2 fil & B VA o

Table. 2 DC Detect Threshold

PVDD (V) [Vos| (V)
4.5 0.96
6 1.3
12 2.6
18 3.9
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2.3 Foldback (TFB) Function

The HT5606 Thermal Foldback, TFB, is designed to protect
the HT5606 from excessive die temperature in case of the
device being operated beyond the recommended temperature
or power limit, or with a weaker thermal system than
recommended, without shutting the device down. In
hardware control mode, it’s enabled by default. In I>C control
mode, the function can be disabled through bit 4 register of
0x00.

The TFB works by reducing the on die power dissipation by
reducing the HT5606 system gain by the rate of attack time
(default value 1200ms/dB, can be modified in register address
0x00 in I>)C control mode) by 0.25dB per step (step pace,
which can be modified at bit 6 of register 0x00 in I>C control
mode) if the TFB trig point is exceeded. Once the die
temperature drops below the TFB trig point, the HT5606 gain
is increased by a single or by the rate of release time (default
value 2400ms/dB, can be modified in register address 0x00 in
I?C control mode) by 0.25dB per step (step pace, which can be
modified at bit 6 of register 0x00 in I?C control mode) until
the TFB trig point, or a maximum attenuation is reached, and
the system gain will be decreased again, or the system gain is
at its nominal gain level. The procedure shows as follows.

Input Singal

GAIN

Attack Time

Die Temperature
P - ~ ~
s \
L \

Release Time

HT5606 [RiG4E 6| IhEE TFB, Wit TRy
HT5606 %5205 F il & i i s m, a8 rorit
PRI« BOR B DR | B (AR i #4
PERESMF T, AZE TR KM, e —En
R . fERHAET, EEBAE. 78
12C 4T, TE 0x00 KU 4 a7 fEas
AEHZIIRESS .

TFB 1 TAEJEEE, an it TFB fid & £,
LS Bt ] CBRIAE 1200ms/dB, T #E 12C #5
FIRE N A 2R i E 000 T B ) frs 45
il HT5606 &4 a4k, 0.25dB/20 (b,
AITE 12C #& BT 12747 2% 0x00 (147 6 4bfz
B0 DL S By ThifE . — B IR 431 TFB fik
RPN, U DR s R] CERAAE 2400ms/dB,
AIE 12C il 1 fAde il 0x00 &
MO B HT5606 #25, 0.25dB/AE (3
K, TITE 12C #filiE0R 175 748 0x00 [1IhL 6
WMEND, BB TFB ik, B0k 3 ik i
WM, ARG 2 F IR RIG, B8 Rl i
AT HOIE 25K SRR B,

Thermal Foldback Trip Point ' ~

Output Singal

——— e e — — —

Figure 3 TFB Operation
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3 Device Functional Modes

3.1 Hardware Control Mode

For systems which do not require the added flexibility of the
I2C control port or do not have an IC host controller, the
HT5606 can be used in Hardware Control Mode. In this
mode of operation, the device operates in its default
configuration and any changes to the device are
accomplished via the hardware control pins, described below.
The audio performance between Hardware and 1°C Control
mode is identical, however more features and functionality
are available when the device is operated in I>C Control
mode. The behavior of these Hardware Control Mode pins is
described in the sections below.

Several static I/O's are present on the HT5606 which are
meant to be configured during PCB design and not changed
during normal operation. Some examples of these are the
GAIN[1:0] and PBTL/SCL pins. These pins are often
referred to as being tied or pulled LOW or tied or pulled
HIGH. A pin which is tied or pulled LOW has been
connected directly to the system ground. The HT5606 is
configured such that the most popular use cases for the
device (that is BTL mode, 384-kHz switching frequency, and
so forth) require the static I/O lines to be tied LOW. This
ensures optimum thermal performance as well as BOM
reduction.

Device pins that need to be tied or pulled HIGH should be
connected to DVDD. For these pins, a pull-up resistor is
recommended to limit the slew rate of the voltage which is
presented to the pin during power up. Depending on the
output impedance of the supply, and the capacitance
connected to the DVDD net on the board, slew rates of this
node could be high enough to trigger the integrated ESD
protection circuitry at high current levels, causing damage to
the device.

3.1.1 Speaker Amplifier Shut Down (\SD pin)

In both Hardware and I>C Control mode, 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 (to DVDD) will bring the device out
of shutdown. This is the lowest power consumption mode
that the device can be placed in while the power supplies are
up. If the device is placed into shutdown while in normal
operation, an audible artifact may occur on the output.

It is recommended that the duration between 2 actions of Shut
Down should be more than 10 msec.

XFFANTEERG N P C o 1 RV Tk
A P C ENIEHIRI RS, HT5606 A LAZEREF
PR M o AR AR, B DA
ERINHC B AT, 0 B2 AR AR (] 5 A d o s 4
i 51 B 7E B o BEATE AN 12C fs il A5 X (] P 5 A
RERAMF M, HAR2 Hik A 12C 2N iasT
I, AT LASRAG 5 2 AR IEAN T RE o 042 A 2C
NS PR AR R SRR

HT5606 [ 7#7E £ AM##25 110, X 1/0 1E
PCB % 1THHRIAC E, 7E1E% LIEMRA S M,
b GAIN[1:0]F1 PBTL/SCL 2| fifl. %5
FIstE (RN BTL #5:. 384kHz FF AL,
HT5606 AR 2 110 Nhifk, HolHEES
ARG,

i B ) 5] B JE 2 21 DVDD o X -1X 2
SR, A _E iy e B S A BR A1) R ST S 3
25 51 B R s BT RER

FERE AR R 12C #3430, \SD 5] i34
PR A IR RER, 2 RERT, SN
KW SHPEZE DVDD I, SRk
Wik =X o 2E SR WA =, o0 3k N BRI FRIR S
O MIEH TARRE VI LW =0, 7l [ pop
PSR A e o

FANE, P VK S Ik 2 1a] 8] BE S B N T

10ms.
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3.1.2 Serial Audio Port in Hardware Control Mode

When used in Hardware Control Mode, the Serial Audio Port
(SAP) accepts only I2S formatted data. Additionally, the
device operates in Single-Speed Mode (SSM), which means
that supported sample rates, MCLK rates, and SCLK rates
are limited to those shown in the table below. Additional
clocking options, including higher sample rates, are available
when operating the device in I>’C Control Mode.

Table. 3 details the supported SCLK rates for each of the
available sample rate and MCLK rate configurations. For each
fs and MCLK rate, the supported SCLK rates are shown and
are represented in multiples of the sample rate, which is
written as "X fs".

PEF RN, SR AT i 1 (SAP) X
2 P S A MBE . BhAh, 1A LR AR
(SSM) 1247, REMAE LFFHIRFER . MCLK
RN SCLK AR MR T FRISHER . 1E
12C iR N ERARARAEIT, 3 B R

F 3 VR4 AN T F SRR Z A MCLK 3
R E ST HFFI SCLK R  Xf T 54 fs Fl MCLK
R, SCRFR SCLK M BoRfER Y, HHDURFE
KRB HFRR, ZHEREHRH “ X",

Table. 3 Supported SCLK rates in hardware control mode (Single speed mode)

MCLK rate (x fs)
(Slfﬁnzf;le Rate fs 128 192 256 384 512

SCLK rate (x fs)

12 N/S N/S N/S N/S 32, 48, 64

16 N/S N/S 32,48, 64 32, 48, 64 32, 48, 64

24 N/S 32,48, 64 32, 48, 64 32, 48, 64 32, 48, 64

32 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

44.1 32,48, 64 32,48, 64 32, 48, 64 32, 48, 64 32, 48, 64

48 32,48, 64 32,48, 64 32, 48, 64 32, 48, 64 32, 48, 64

3.1.3 Speaker Amplifier Switching Frequency Select (FREQ/SDA)

In Hardware Control mode, the PWM switching frequency of
the HT5606 is configurable via the FREQ/SDA pin. When
connected to the system ground, the pin sets the output
switching frequency to 8 X fs. When connected to DVDD
through a pull-up resistor, the pin sets the output switching
frequency to 16 x fs. More switching frequencies are available
when the HT5606 is used in I>C Control Mode. Please notice
that a switching frequency between 300kHz and 600kHz will
get a better performance for the Class D amplifier. For
example, an output switching frequency of 8 x fs is
recommended when 48kHz fs is used. Detailed
recommendations for the FREQ selection are listed in Table.
7 Recommendations for the FREQ Selection.

RN, HT5606 [ PWM 1%
HiZ @ FREQ/SDA 3l JHIfic & . 24 HE#E3|
REGH, FFRAREE RN 8Xfs, HHMAIT -
P HLPH 2% % % 5] DVDD I, #HF iR E
N 16X fs. 24 HT5606 AT 12C iz, o]
DU FH B 22 (R JT i . i8R, 78 300kHz A
600kHz Z [AI[\FFRAMFRE N D ROR A e it
FUFRIPERE. B0, Ml 48kHz fs i, Eili
HIF AR N 8 X fs. K 8 HHIH THIRIEFN
TN
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3.1.4 Parallel Bridge Tied Load Mode Select (PBTL/SCL pin)

The HT5606 can be configured to drive a single speaker with
the two output channels connected in parallel. This mode of
operation is called Parallel Bridge Tied Load (PBTL) mode.
This mode of operation effectively reduces the output
impedance of the amplifier in half, which in turn reduces the
power dissipated in the device due to conduction losses
through the output FETs. Additionally, since the output
channels are working in parallel, it also doubles the amount of
current the speaker amplifier can source before hitting the
over-current error threshold.

The device can be placed operated in PBTL mode in either
Hardware Control Mode or in I?C Control Mode.

To place the HT5606 into PBTL Mode when operating in
Hardware Control Mode, the PBTL/SCL pin should be pulled
HIGH (that is, connected to the DVDD supply through a pull-
up resistor). If the device is to operate in BTL mode instead,
the PBTL/SCL pin should be pulled LOW, that is connected
to the system supply ground. When operated in PBTL mode,
the output pins should be connected as shown in the Typical
Application Circuit Diagrams.

In PBTL mode, the amplifier selects its source signal from the
right channel of the stereo signal presented on the SDIN line
of the Serial Audio Port. To select the left channel of the stereo
signal, the LRCK can be inverted in the processor that is
sending the serial audio data to the HT5606, or the bit7 of
register 0x16 can be changed into 0.

HT5606 1] LARC B 2 0K 21 5 A i i 18 18
BRI A 5 8y o IR PRI TR R N HAT M 32
(PBTL) i, ixXfh TAER A R oK 2
(P34 PEPTRRAR T — 22, 7B B T i s
i FET BufE SHFEMESR A RERUM TR . Ik
Ab, T IEIE R AT TR, ek R
TR WT RME 2 A1, B DT DARR AL I F I
Him—f%.

Zas ] DAERE AR B sl 12C 43 il A
X NET PBTL i NizfT.

FE T A A 2R, Ef HT5606 & T
PBTL #=X, S PBTL/SCL 5| i (Blsdit
b B %44 5] DVD LR D . 0 SR % & 7E BTL
R TAE, W PBTL/SCL 3l FifR, BN
BB R4 i Bekh . 7 PBTL B0 F TAER, %
HH 5 RIS 2 8 LR N7 P R T BT s 3R A T T

76 PBTL B3R, O H3 MR 47 35 At )
SDIN 28 b R IISIAR P A5 5 1R 4 P Tl i 3 LU
5. BIRBRSIAKSEE SR REIE, A LAER
HT5606 & i% H: 17 & A5 E0 40 1 b 38 2% o I
LRCK, ] LTEZFA7-8% 0x16 [ Bit7 FF1&E.

3.1.5 Speaker Amplifier Sleep Enable (SLEEP/ADR pin)

In Hardware Control mode, pulling the SLEEP/ADR pin
HIGH gracefully transitions the switching of the output
devices to a non-switching state or "High-Z" state. This mode
of operation is similar to mute in that no audio is present on
the outputs of the device. However, unlike the 50/50 mute
available in the I°C Control Port, sleep mode saves quiescent
power dissipation by stopping the speaker amplifier output
transistors from switching. This mode of operation saves
quiescent current operation but keeps signal path blocks active
so that normal operation can resume more quickly than if the
device were placed into shutdown.

3.1.6 Gain Setting

In Hardware Control Mode, a combination of digital gain and
analog gain is used to provide the overall gain of the speaker
amplifier. The decode of the two pins "GAIN1" and "GAINO"
sets the gain of the speaker amplifier. Additionally, pulling
both of the GAIN[1:0] pins HIGH places the device into 12C
control mode.

As seen in Figure 4, the audio path of the HT5606 consists of
a digital audio input port, a digital audio path, a digital to
PWM converter (DPC), a gate driver stage, a Class D power
stage, and a feedback loop which feeds the output information
back into the DPC block to correct for distortion sensed on the
output pins. The total amplifier gain is comprised of digital
gain, shown as Gpic in the digital audio path and the analog
gain from the input of the analog modulator Gana to the output
of the speaker amplifier power stage.

FEREPFZE AT, K SLEEP/ADR 51
o iy T DOREES A R HR D)8 v BELR S LSR8
T MUTE &%, MIEds St He, 5§
12C Z5 A7 a5 42 4L %) 50750 # & AN, BEAR AL
AL 5 1k 7 AR OR AR A ) D) R
BERS AL X FHRAER T T RS iiRAE,
{EAE A5 5 BR AT R DR FRBG RS, DR IE 3 #
AR (1033 P B DR PAT 1 6 P B R

FEREPFR AT, 8 FH B0 18 e AL DL 3
ank (R AL R SR 47 7 A5 TEOK 28 A B AR 2 o o5
BTG “GAINT” F1 “GAINO” K i E
D . Behh, 5P GAIN[1:0]5] B
WA ET 12C .

W 8 flz~, HT5606 1135 42 i A 7%
Btk N 11 Br S ie . 23] PWM 4k
#% (DPC). MHKIRAN# 2 D IR A = 15kt
[ 32 2HL R, T [ i i 45 2R 15 [F] DPC #,
DA TE 4 H 5 0 A0 281 ) 2% B o RO 2% e 2
HHAL 7 SRR R B 25 (Goig) AU 25

(Gana) taZHEY.
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Figure 4 Speaker Amplifier Gain Select

As shown in Figure 4, the first gain stage for the speaker
amplifier is present in the digital audio path. It consists of the
volume control and the digital boost block. The volume
control is set to 0dB by default and, in Hardware Control mode,
it does not change. For all settings of the GAIN[1:0] pins, the
digital boost block remains at +6 dB as analog gain block is
transitioned through 19.2, 22.6, and 25 dB.

The values of Gpig and Gana for each of the GAIN[1:0]
settings are shown in the table below.

B 8 P, #7575 G FOR AR IR 57— 0 2
DAEHC 7 B RS - B i A2 A T
BRPLAH . F R HIERINBEE Y 0dB, fERE/H=
HRN, EASES. X T GAIN[1:0]5] I
AWl , RIERUIE 730 19.2, 22.6 M1 25dB
i, Ay TR (RFF(E+6 dB.

GAIN[1:0]3%& B X B[] Gpic 1 Gana fH U1 T
RN

Table. 4 Gain Structure for Hardware Control Mode

GAIN|[1:0] pin Setting Volume Control Digital Boost (dB) Analog Gain (dB) Total System Gain
(dB) (dB)
00 0 6 19.2 25.2
01 0 6 22.6 28.6
10 0 6 25 31
11 I2C Control Mode, Gain is controlled via I?’C Port

3.2 I2C Control Mode

In order to place the device in I?C control mode, the two gain
pins (GAIN[1:0]) should be pulled HIGH. When this is done,
the PBTL/SCL and FREQ/SDA pins are allocated to serve as
the clock and data lines for the I>°C Control Port.

3.2.1 Speaker Amplifier Shut Down (\SD pin)

In both hardware and I?’C Control mode, the \SD pin is
provided to place the speaker amplifier into shutdown. The
configuration is detailed in section 3.1.1.

RNTBEEET 1PC fhiliia, ROk w1
a5 (GAIN[1:0D) Him. ekt )sE,
PBTL/SCL A1 FREQ/SDA 5| i/ Fe FAE 12 C
32 i o 1 P e A A KB 28

FEREAFAE AN 2C 2 H#0R, \SD 51
TERIRWOE s RERD, i B H 3.1.1,
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3.2.2 Serial Audio Port Controls

In I>C Control mode, additional digital audio data formats and
clock rates are made available via the I?C control port. With
these controls, the audio format can be set to left justified, right
justified, or I>S formatted data.

When used in I>C Control mode, the device can be placed into
double speed mode to support higher sample rates, such as
88.2 kHz and 96 kHz. Set register 0x15 bit3 SS/DS to 1 into
higher sample rate. The tables below detail the supported
SCLK rates for each of the available sample rate and MCLK
rate configurations. For each fs and MCLK Rate the support
SCLK rates are shown and are represented in multiples of the
sample rate, which is written as "x fs".

fE 12C 42 T, l i 1P C fsiilm H R it
522 FR BT SRR A ORI e 2, T DOKE
Bk BB NER TS AXFFE PS &%
o

1 12C M, A nT B T 00,
PSP SR FER, 11 88.2 kHz i1 96 kHz.
¥ 251728 0x15 bit3 SS/DS & & Jy 1 LAFKGHE
I RRFE R . RVEAULET T RN 1T F R AR R AN
MCLK 33Kt E R SCLK 3K, FLIKFE
WRLEBE R, ZHEEEN “xfs”.

Table. 5 Supported SCLK rates in Double speed mode

MCLK rate (x fs)
Sample Rate fs (kHz) 128 192 256
SCLK rate (% fs)
88.2 32,48, 64 32,48, 64 32,48, 64
96 32,48, 64 32,48, 64 32,48, 64

3.2.3 Parallel Bridge Tied Load Mode (PBTL)

The HT5606 can be configured to drive a single speaker with
the two output channels connected in parallel. This mode of
operation is called Parallel Bridge Tied Load (PBTL) mode.
This mode of operation effectively reduces the on resistance
of the amplifier in half, which in turn reduces the power
dissipated in the device due to conduction losses through the
output FETs. Additionally, since the output channels are
working in parallel, it also doubles the amount of current the
speaker amplifier can source before hitting the over-current
error threshold.

It should be noted that the device can be placed operated in
PBTL mode in either Hardware Control Mode or in 12C
Control Mode. For instructions on placing the device in PBTL
via the BTL/SCL Pin, see Hardware Control Mode.

To place the HT5606 into PBTL Mode when operating in 12C
Control Mode, the Bit 3 of Register (0x04) should be set in the
control port. This bit is cleared by default to configure the
device for BTL mode operation. An additional control
available in I2C mode control is PBTL Channel Select, which
elects which of the two channels presented on the SDIN line
will be used for the input signal for the amplifier. This is found
at Bit 7 of (0x16). When operated in PBTL mode, the output
pins should be connected as shown in the Typical Application
Circuit Diagrams.

It is important that before power supplies are brought up, \SD
pin should be pulled low. Only after 12C register is programed
(including PBTL register), \SD pin can be pulled high.

HT5606 1] DAL B Jy 5K 30 5 A 4 i i 5
BRI 8 o X AT RO AT B2
(PBTL) i, iXfp TAERIA R o 2
(1) 538 FELRH PR 1 — 25, Em B 1 BT sl i
H FET fe Sk AER TR itk
Ab, B4 IEE 2 AT AR, R Ek R
TR BB Z 1T, ‘B IRKE 3 75 48 TR 2% 1] AER 4t
1) EEL I A — % o

N AZE T A, W& ] AR AR ARl A 2k
[2C ki N E T PBTL # FigiT. i@
it BTL/SCL 5| i & & T PBTL Bt i, &
Z 4 A

f£ 12C Ffil i NI4T, 20k HT5606 &

T PBTL B, MR % il i 11 b 50 & 2 A7 4%
(0x04) %55 3 . BRINIEDLT . BLALIHER,

PR B e B Oy BTL AR A . 12C Rz il o
f—AN B ndz il PBTL @IEE#E, ek
SDIN £k b 5= g > IEE Hh AW F 7%
REFMHANLE T HALT (0x16) % 7 fir. £
PBTL #30F TARM, f bk 5] B N2 R 2 Y e
B B s AT IE R

HEE, (LR S HIEZAT, \SD Il NS
ik RAX1PC F5f7ds (3% PBTL & f7ds) #t
TECE R, \SD 5l IA fegd .
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3.2.4 Speaker Amplifier Gain

As detailed in section 3.1.7, the speaker amplifier gain s 3.1.7 WRTIR, 475 a8 ORI o AL
includes the analog gain and digital gain, both are configured TR 25 AN 188 25, 78 12C B R T IZ4T R,

directly in registers when operating in I*C Control mode. It is T T 10 25 4R AL A S TR L R
important to note that the digital boost block is separate from VEEE, Bt TR R s T B

the volume control. The digital boost block should be set S oy 131 3% HEL L 4t SN . -
before the speaker amplifier is brought out of mute and not K S T ARIRSLAE 3 75 83 THOK 2316 H 7 55

changed during normal operation. In most cases, the digital ’Ij(j'}Zﬁﬁliﬁ’ jff,ﬁf‘lgﬁﬁvﬁfﬁ ] AN BE Lo
boost can be left in its default configuration, and no further FERZHAGOLN By s st S TR ] LLOR 4
adjustment is necessary. HBOABCE, LRSI,

HT5606
I2S Input Stereo Class D Amplifier
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3.3 I2C Control Port

3.3.1 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 [’C
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 HT5606 has a configurable I2C address. The SLEEP/ADR
can be used to set the device address of the HT5606. In I°C
Control mode, the seven bit I?C device address is configured
as “110110x[R/W]”, where “x” corresponds to the state of the
SLEEP/ADR pin at first power up sequence of the device. If
the SLEEP/ADR pin is tied LOW at power up, the device
address will be set to 1101100[R/W]. If it is pulled HIGH, the
address will be set to 1101101[R/W] at power up.
3.3.2 General Operation of the I*C Control Port

The HT5606 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. Use pull-up resistors
between 4.7 kQ and 10 kQ for SCL for a suitable rise time, as
an internal serial resistor around 1.2kQ is placed.

AR PC B L HA A3
bk, DS IR B B R AL 2 12C ML
12C EHLENESE . 1B 1P C Pl i—& 4, 12C
FHERLL LT — 8 AL bk, %51y
L5 T AL 7 7 g ik A1 LSB R B S 7
HT5606 i&Eit 5| il SLEEP/ADR 7] ¥ & I12C Hbdik,

“110110x[R/W]”, FHodr “x” X NF & —Ik
& B ) SLEEP/ADR 5 R & . o B
SLEEP/ADR 5| I7E L s & R AR AR, U S 4h
W E N 1101100[R/W]. TS h s, MK
11011001[R/W].

HT5606 I2C % N R a5, 4% 1Y
12C Sk, F3CFF 100 kHz #1 400 kHz
BRI . R AN, RS 24
(S LR B, RS PR R I

12C B2 B A WM&, SDACHHE ) Ml SCL
(NBED, fERGTH I asfF 2 18 A 47 Bt A%
SRt AT A o UL AT AR (1 8 2749 1 Stk
HA AL (MSB). BtAh, Sk EAERKEEA T
W H B A AL (ACKD BEATHIA . 1
Feh e N BRI B2k B R s 614G,
I L WA IR Bl S 2 b 5 b SR AR S5 R . i
AbT R T, Z s 20 (SDA)
E R E RS S R B AR 125 F. SDA B
PURF ORI, RBI R os 71k, I
RIS 7 4 I AR I B ORI A

EHVERL 7 AW EEAI /S (RIWD £z,
PATIFS 53— i (RS, AR SRl ok 1t
FERLEI B I, e fReF SDA R, BAE7R
Wk BRAXFEOS, EIRGEFFIRT —
AT FABRAME R 7 AL AP E
RIW A7 (1 595 T e st sl J IR 2
HILEELE.

SDA # SCL it 4N _b 7 s PHA 2 12 45
m P, SCL _EdHPHAEA 4.7kQ~10kQ A3k
FE1E s EL, REAEAZ 1.2kQ 1H$
I FELFHL
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7-Bit Slave Address % A |8-Bit Register Address (N) | A 8- Bit Data for A 8-BR Data for al ]!

Register (N) Register (N+1) ]

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

s U

Figure 5 Typical I2C Sequence

Conszlm Aumwlauge Adtrmledge Ac!mmvledge
ﬂ@@@@@@w@ @@9@@@@@"‘ @@@@@@@@@
1’c D;::;w M:;;c; and negister Dala Byte cﬁ:::un
Figure 6 Single-Byte Write Transfer
Start
Condmon Acknowledge Acknowledge Acknowiedga Acknowiedge Acknowledge
m Mw@ OO Mw ®
12c D[:::: /x:(‘i;e;: and Reglstef First Data Byte Other Data Bytes Last Data Byte Co?\::?lon
Figure 7 Multiple-Byte Write Transfer
Repeat Start
Start Condition Not
Cnmihm Acknowledge
m 0@w @@@@@ wa SO0
\ / |
|?commdmsand F!eptstet I?CDewceMdlmatl Daa Byte Stop
Read/Write Bit Read/Write Bit Condition
Figure 8 Single-Byte Read Transfer
Repeat Start
Otart Condition Not
Condrhm A dg lad Admuwiadge

U w@@@@

l"’CDa-maAddrassand HW I2C Device Address and ~ First Data Byte ~ Other Data Bytes  Last Data Byte Smp
Read/Write Bit Read/Write Bit Condition

Figure 9 Multiple-Byte Read Transfer
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4 Register Map

Table. 6 Register Map

Category | Register Bit7 Bit6 Bit5 Bitd Bit3 Bit2 Bit1 Bit0 Refaut
0x00 Reserved Step Pace LIM TFB_EN TFB Attack Time ta_trs | TFB Release Time tr_trs 1Ah
Analog 0x01 AGC Attack Time ta_acc AGC Release Time tr_acc 97h
registers 0x02 Reserved Analog Gain 26h
0x03 Modulation FREQ [1:0] Emh OTE OCE DCE 27h
Analog
registers 0x04 ADR GAIN [1:0] FREQ [2] PBTL CLKE Reserved MuteA 71h
with digital :
buffers
0x05~0x0F Reserved
0x10 DigClip[19:12] FFh
0x11 DigClip[11:4] FFh
0x12 DigClip[3:0] ‘ SLEEP ‘ SD ‘ MUTE_L MUTE_R F4h
D'.g'tal 0x13 Left channel volume control Vol_L CFh
registers
0x14 Right channel volume control Vol_R CFh
0x15 Fade HPF Byps Dig Bst[1:0] ‘ SS/DS ‘ Serial Audio Input Format 94h
0x16 PBTL_ch Reserved AOh

Notice that these registers falls into 3 different categories with
different reading/writing requirements.

Category-1: analog registers from 0x00 to 0x03

The analog registers can be read and written only when
HT5606 is powered on and not in shutdown mode. The
settings in registers from 0x00 to 0x03 belong to the analog
circuits of HT5606. In shutdown mode, the analog circuits are
disabled and these analog registers cannot be written or read.
Write these analog registers after HT5606 is enabled from
shutdown mode and after 30ms setup time for the analog
circuits.

Category-2: analog register with digital buffer 0x04

The register 0x04 can be written but not read when HT5606 is
in shutdown mode. The settings in register 0x04 also belong
to the analog circuits of HT5606, however, corresponding
buffer is designed for each writable bit in digital circuits.
These buffers can be written in shutdown mode and
automatically transfer to the register 0x04 after HT5606 is
enabled from shutdown mode.

Make sure that the bit3 PBTL is written properly before the
analog circuits of HT5606 is enabled if the output terminal is
paralleled in PBTL mode (that is to write the bit3 PBTL in
register 0x04 into “1” after HT5606 is powered on and still in
shutdown mode, if HT5606 is set in PBTL mode), so as to
avoid over current protection once the HT5606 is enabled
from shutdown mode.

R, REHFARDN 3 DARISEA, A
A AR IS ER

1 B A4, 0x00~0x03

FEIL 277 2% HBEFE HT5606 e H AL T
FAHUR BRI S N . M 0x00 F| 0x03 iY77
BB T HT5606 Rl LI . AE WL
N, B AR, X SR AR RN RS
AN BEEL 7E HT5606 M o< =R H 9 B4l
30ms AL RIS B ShI TR G, 5 ONIX SRR 77
1758
K2 BHEBFEA MBI Z T4 0x04

2 HT5606 4b T 0 AU, 2774 0x04
AU N, (EARREEE. F1E8% 0x04 i) E
)& T HT5606 HIALHLEE, (H2, HAELTH
T T AR N I A% o IX BB 2R g8 T LASE 9%
WX N BN, IF7E HT5606 Mol E G
H 3l &4 £ %7 17 45 0x04.

I S v R BEZE PBTL BT, I
HT5606 (AL %5 FH 2 1T, #fifR bit3 PBTL
5 NIEH, (BRI HT5606 38 i 5 540 TR =,
T HT5606 % & Jy PBTL #5X, 127 7728 0x04
W bit3 PBTL 5\ “17), L4 HT5606 J4
3l g L AR
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Category-3: digital registers from register 0x10 to
register 0x16

The digital registers can be read and written while
HT5606 is powered on, even if it is in shutdown mode.
The settings in registers from 0x10 to 0x16 belong to
the digital circuits of HTS5606. Since HT5606 is
powered on, even if it is in shutdown mode, the digital
circuits are enabled and these digital registers can be
written and read.

The register details are as follows. The blue fonts are
the default settings when powering on.

Register Address: 0x00 (default 1Ah)

3K 3 BFEAids, 0x10~0x16

BT 2 7 28 0] LIFE HT5606 1@ i s, B#
BT M. M 0x10 3] 0x16 I fE 8N E @
T HT5606 (%7 % . T HT5606 CLiEHL, HP
AL TR, 2 s 7B, LS AR
ERIIEEEE Sy

WARGVER IR o i 00 PRI LN AU BRI
Ho

Bit R/IW Label Default | Description

7 / Reserved 0 Unused

6 R/W | Step Pace 0 0: 80 steps,0.25db/step
1: 40 steps,0.5db/step

5 R/W LIM 0 Power Limit Mode
0: PCLP function enabled; 1: AGC function enabled

4 R/W TFB_EN 1 0: TFB function disabled; 1: TFB function enabled

3:2 RIW | ta_trs 10 Thermal Foldback (TFB) Attack Time Setting
00: 320ms/step 10: 1280ms/step
01: 640ms/step 11: 2560ms/step

1:0 R/W | tr_tre 10 Thermal Foldback (TFB) Release Time Setting
00: 640ms/step 10: 2560ms/step
01: 1280ms/step 11: 5120ms/step

Register Address: 0x01 (default 97h)

Bit R/W Label Default | Description

7:4 R/W | ta_acc 1001 AGC Attack Time Setting
0000 20ps/step 1000 5.12ms/step
0001 40ps/step 1001 10ms/step
0010 80ps/step 1010 20ms/step
0011 160us/step 1011 40ms/step
0100 320us/step 1100 80ms/step
0101 640us/step 1101 Reserved
0110 1.28ms/step 1110 Reserved
0111 2.56ms/step 1111 Reserved

3.0 R/W | tr_acc 0111 AGC Release Time Setting
0000 1.28ms/step 1000 1.28ms/step
0001 2.56ms/step 1001 2.56ms/step
0010 5.12ms/step 1010 5.12ms/step
0011 10ms/step 1011 10ms/step
0100 20ms/step 1100 20ms/step
0101 40ms/step 1101 Reserved
0110 80ms/step 1110 Reserved
0111 160ms/step 1111 Reserved

Note: Do make sure that the release time is longer than attack time.
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Register Address: 0x02 (Default 26h)

Bit R/W Label Default | Description
7:6 / Reserved 00 Unused, make it always 00
5:0 R/W | Analog 26h Set analog gain:
Gain
00,0000: 6dB

00,0001: 6.5dB

....Gain increased by ~0.5dB per step
10,0110:25dB

....Gain increased by ~0.5dB per step
11,1100: 36dB

Register Address: 0x03 (default 27h)

Bit R/W Label Default | Description
7 R/W Modulation 0 0: BD mode; 1: 1SPW mode
6:5 R/W FREQ[1:0] 01 The amplifier PWM frequency is set by two registers: FREQ [1:0] and FREQ [2]
4:3 R/W | OCEmH 00 OCE Threshold Setting
00:10A 10: 7.5A
01: 5A 11: 2.6A
2 R OTE 1 Changes to 0 when OTE happened; back to 1 when OTP evacuated;
1 R OCE 1 Changes to 0 when OCE happened; back to 1 when OCP evacuated;
0 R DCE 1 Changes to 0 when DCE happened; back to 1 when DCP evacuated;
Register Address: 0x04 (default 71h)
Bit R/IW Label Default | Description
7 R ADR 0 0: SLEEP/ADR =L; 1: SLEEP/ADR = H
6:5 R GAIN [1:0] 1 Analog Gain Setting, depends on 0x02
4 R/W | FREQ[2] 1 The amplifier PWM frequency is set by two registers: FREQ [1:0] and FREQ [2]. Please notice that a

PWM frequency between 300kHz and 600kHz will get a better performance for the Class D amplifier.
Detailed recommendations for the SPK_CLK selection are listed in Table. 7.

The following is the setting for FREQ [2:0]

000: FREQ = 6*fs 001: FREQ =8*fs
010: FREQ =10*fs 011: FREQ =12*fs
100: FREQ =14*fs 101: FREQ =16*fs
110: FREQ =20*fs 111: FREQ =24*fs
3 R/W PBTL 0 0: BTL mode; 1: PBTL mode.
2 R CLKE 0 Changes to 1 when CLKE happened; back to 0 when CLKE evacuated;
1 / Reserved 0 Unused
0 R/W MUTEA 1 Analog OUTPUT MUTE. When set 0, MUTE the SPEAKER OUTPUT.
Table. 7 Recommendations for the FREQ Selection
fs(kHz) Recommended Recommended Amplifier Switching
FREQ (PWM) frequency (kHz)
12 24*fs 288
16 24*fs 384
24 16*fs 384
32 12*fs 384
38 10*fs 380
441 8*fs 352.8
48 8*fs 384
88.2 8*fs 352.8
96 8*fs 384
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Register Address: 0x10 (default FFh)
Bit R/W 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/W 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 F4h)

Bit R/W 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.

2 R/W SD 1 0: the device is shut down;

1: the device is not shut down;

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

1: the left channel is muted

0 R/W MUTE_R 0 MUTE the R channel digital output:

0: the right channel is not muted

1: the right channel is muted

Register Address: 0x13 (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
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Register Address: 0x14 (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: 0x15 (default 94h)

Bit R/IW Label Default | Description
7 R/W | Fade 1 0: Volume fading is disabled; 1: Volume fading is enabled
6 R/W HPF Byps 0 0: The internal high-pass filter in the digital path is not bypassed

1: The internal high-pass filter in the digital path is bypassed

54 R/W Dig Bst 01 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
3 R/W SS/DS 0 Single Speed / Double speed mode select

0: Serial Audio Port will accept single speed sample rates (that is 32kHz, 44.1kHz, 48kHz)
1: Serial Audio Port will accept double speed sample rates (that is 88.2kHz, 96kHz)
2:0 R/W Format 100 Serial Audio Input Format

000: Serial audio input format is 24 bits, right justified
001: Serial audio input format is 20 bits, right justified
010: Serial audio input format is 18 bits, right justified
011: Serial audio input format is 16 bits, right justified
100: Serial audio input format is IS

101: Serial audio input format is 16-24 bits, left justified

Settings above 101 are reserved and must not be used

Register Address: 0x16 (Default AOh)

Bit R/W | Label Default | Description

7 R/W | PBTL_ch 1 Channel selection for PBTL mode
0: the audio information from the left channel of the serial audio input stream is used
1: the audio information from the right channel of the serial audio input stream is used

6:0 / Reserved 20h Unused, make it always 20h.
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5 Typical Applications
5.1 Hardware Control Mode

5.1.1 Startup Procedures

1. Configure all hardware pins as required by the application
using PCB connections (that is PBTL, FREQ, GAIN,
SLEEP, etc.)

2. \SD pin = Low;

3. Bring up power supplies (it does not matter if PVDD,
AVDD or DVDD comes up first, provided the device is
held in shutdown);

4. Once power supplies are stable, start MCLK, SCLK,
LRCK;

5. Once power supplies and clocks are stable and the control
port has been programmed, bring \SD pin High;

6. The device is now in normal operation. Fade in SDIN if
needed

The sequence diagram is shown in Figure 10 and Table 9.

5.1.2 Power down Procedures
The device is in normal operation;

Fade out SDIN if needed;
Pull \SD pin Low;

Ll

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 11 and Table 10.

1. WEEIOOE (WPBTL, RREQ, GAIN,
SLEEP%);

2. \SDJIHIAI;

3. FEAHIE (R KWRRE T, PVDD. AVDD,
DVDD _E H 5 J5 55 T 7™ b B 5K );

4, HEfaE S, JFAAMCLK, SCLK, LRCK;
5. \SDJF s

6. wfFEEAILH TARREA 35 /5 2 AR SDINIE
SUR: 3 AN

BAKK R & Figure 1011~ % Table 9.

SR AT TARIRES;

#5 T B K SDINYR s

K \SDIIFIA;

MCLK, SCLK, LRCKX [, 4R J& HJE K Al
O Bk

HARK a0 N Bl Figure 111 Table 10.

o W o
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5.2 I2*C Control Mode

5.2.1 Startup Procedures
1. Configure all digital /O pins as required by the

application using PCB connections (GAIN[1:0] = 11,
ADR)

2. \SD pin = Low;

3. Bring up power supplies (it does not matter if PVDD,
AVDD or DVDD comes up first, provided the device is
held in shutdown);

4. Once power supplies are stable, start MCLK, SCLK,
LRCK;

5. Configure the device via the control port in the manner
required by the use case, making sure to mute the device;
especially bit “PBTL” and “FREQ”. For instance, if BTL
mode is needed, write the register 0x04 into 61h; if PBTL
mode is needed, write the register 0x04 into 69h; if fs =
96kHz is needed, write the register 0x15 into 0x9C;

6. Once power supplies and clocks are stable and the control
port has been programmed, bring \SD pin High;

7. The device is now in normal operation. Fade in SDIN if
needed.

The sequence diagram is shown in Figure 10 and Table 9.

5.2.2 Power down Procedures
The device is in normal operation;

Fade out SDIN if needed;
Pull \SD pin Low;

p w b P

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 11 and Table 10.

WEITAIONR E (GAIN[1:0]=11,ADR);
\SDHIHAIS;

PN IR (B CWIRA T, PVDD.L AVDD.
DVDD _ 356 JG i3 P2k B3R );

M EREE S, JPEMCLK, SCLK, LRCK;

P R SRR 264, JE I 4 ) e B oA
IR L& ERE s FE 27 “PBTL” F1“FREQ”,
B, R FEEBTLE, a7 a50x045
AN61h; WHRFEPBTLIE, #2547 #30x04
5 N6%h; 15 T B fs=96kHz, #4217 250x15
5 N0x9C;

\SD I =5

PRAEHE N IE R TR 45 75 B nDK SDINGE
AR5 o S5 A T E R TICHE AT 340 i
CFEHFR “B™)

BAKRK 7 R & Figure 1051 3 Table 9.

o > w0 o

O R AT TARRE:;

Fi a2 A F4 SDINVA Hi s

F\SDIIHAI;

MCLK, SCLK, LRCK %I, 4R 5 Hi 5% 11
O L M.

HARE i~ B Figure 111 Table 10.

PVDD+AVDD

DVDD

IS(MCLK+LRCK+SCLK)

11C(SCL+SDA) A

if in software control mode

SD

Figure 10 Power-on Sequence
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Table. 8 Recommendations for Power-on Timing

Symbol CONDITION MIN TYP MAX UNIT
t1 0 ms
t2 0 ms
t3 1 ms
t4 1 ms
t5 30 ms

PVDD+AVDD
ty
DVDD ta
IIS(MCLK+LRCK+SCLK) t,
IIC(SCL+SDA) C t
if in software control mode
SD

Figure 11 Power-off Sequence

Table. 9 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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5.2.3 Fade-in and Fade-out
A (see in Figure 14): set work mode

Set a low-level digital gain: for example, write 0x13
and 0x14 into 0x9F;

Set BTL or PBTL, set Class D frequency, mute analog
output: For BTL, write 0x04 into 0x61; For PBTL,
write 0x04 into 0x69;

Set SS or DS: for 48k FS, write 0x15 into 0x94; For
96k FS, write 0x15 into 0x9C;

B (see in Figure 14): Fade-in

Increase digital gain to target gain by steps: For
example, the target digital gain is 0dB(write 0x13 and
0x14 into 0xCF), write register 0x13 and 0x14 from
0x9F to OxCF by steps, increase per 20ms.

C (see in Figure 15): Fade-out

Decrease digital gain by steps: For example, write
register 0x13 and 0x14 from 0xCF to Ox9F by steps,
decrease per 20ms.

Disable analog output: write 0x04 into 0x60 for BTL;
write 0x04 into 0x68 for PBTL.

ILE14): BB TAER

BEE MR a0, $rox13F10x14

5 N0x9F;

W EBTLEPBTL, &EDIIZE, Bl
% : BTL¥0x045 AN0x61; PBTL¥0x045

A 0x69;

P B SSEDS: % T-48k FS, #0x155 N0x94;
96k FS, #40x155 A0x9C;
B (WK14): %A

B e R H bR s . i, HAREL
5 80dB CE0x13F10x145 NOxCE), ¥

25 17 22 0x 13 F10x 14 M Ox9F 8 38 £ 0xCF ,

20msiHE— K,

C (WHE15): %l

Bt sbi: B, e 4s0x13810x14
MOXCFi 3% 5 N0x9F, £F20msifik—1%.

A% PR f S H . BTL#0x045 A\0x60; PBTL
F50x045 A\ 0x68.

Copyright©2024, Jiaxing Heroic Technology Co., Ltd -38-

10/2024 - V0.1



i HEROIC
(I_ﬂj ﬂé'hadqleqqx

HT5606

I2S Input Stereo Class D Amplifier

B PACKAGE OUTLINE
ETSSOP32 (EPAD up)

PP =
TOP VIEW | E B o u
H e |
R AR L B -
o STDE VIEW
SIDE VIEW
FHAAAAdAAAGARAR
BOTTOM VIEW E E
?
)
1 @ @ ﬁ ﬂ ﬂ H H @ Il 12 13 14 L5 18
Svmbol Dimensions In Millimeters Dimensions In Inches
y Min. NOM Max. Min. NOM Max.
A — — 1.200 — 0.047
A1 0.000 0.075 0.150 0.000 0.003 0.006
A2 0.900 1.000 1.100 0.035 0.039 0.043
b 0.200 — 0.280 0.008 — 0.011
c 0.150 — 0.190 0.006 —_ 0.007
D 10.900 11.000 11.100 0.429 0.433 0.437
D1 6.200 6.300 6.400 0.244 0.248 0.252
E 7.900 8.100 8.300 0.311 0.319 0.327
E1 6.000 6.100 6.200 0.236 0.240 0.244
E2 4.100 4.200 4.300 0.161 0.165 0.169
e 0.650(BSC) 0.026(BSC)
L 0.500 0.625 0.750 0.020 0.025 0.030
3 0° 8° 0° 8°
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B TAPE AND REEL INFORMATION

X

Reel Di
>

y

ameter
R

Reel Width

(VI1 )

T

P1

—» [« KO
OO OO0 @;@<
i l l l
| | |
2| 3
o
S I ®
| | |
TENLFL A0
Cavity
AO Dimension designed to accommodate the
component width; ¥HEEE
BO Dimension designed to accommodate the
component length; EHEKE
KO Dimension designed to accommodate the
component thickness; FHEEE
w Overall width of the carrier tape;
B EAEE
P1 Pitch between successive cavity centers;
HReBrECEE
5% PIN1 F5{USRIRSER

Quadrant Assignments for Pin1 Orientation in Tape

0000000 O0AO0

HESFL
Sprocket Holes
Q1 | Q2 Q1 | Q2
BR#EELR
Q3 Q4 Q3 Q4 User Direction of feed
14 )
%ﬂ%l‘ﬁ Pocket Quadrants
EE EE i .
e R BB | == | a0 | B0 | kKo | P1 | w | Fin
P # | sPQ B RER
art No. Package | Package A W1 (mm) | (mm) | (mm) | (mm) | (mm)
Pins Dr(mm) Quadrant
Type Abbr. (mm)
HT5606MTER | ETSSOP MTE 32 | 2000 330 24.4 8.6 11.45 19 16 24 Q1
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B TAPE AND REEL BOX INFORMATION

HEIFA KE e A - .
EeES HExm | Il & Width | B Height
Package . SPQ Length
Part No. Package Type Pins (mm) (mm)
Abbr. (mm)
HT5606MTER ETSSOP MTE 32 2000 336 336 48
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IMPORTANT NOTICE

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

RIAE TR (320 BmARAR (LUREFRHT) REX™ M. RS SRR B, BIE. &, S HAL
A, B SRR AR S AR SS IABUR o 28 A5 BRI AE P i SR ORI 43 2 15 SR Bl 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 XA G R R 358 B AT 8 DA B 25 7 7 il B AR R v AN AR AR AT 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 H AR T3 AR i 44 18 % S e e MR (R S R

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.

AR AR ORAR BRI TSR, (EHTIFAK AR BT, KA A 58 1 LRI A3 =07 BORI AR 35 F 3«

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

TN AT BAIB AR B B2 m A SR ANIB R Ty 3

REE TR (T BHERAF

Heroic Electronic Technology (Jiaxing) Co., Ltd.

Hubk:  WRVLAR 5 T RS X K #9065 FLHEICBDIE X 215 117

Add: 11th floor, Building 21, No. 906, Yatai Road, Jiaxing, Zhejiang Province
Sales: 0573-82586608, sales@heroic.com.cn

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

Fax: 0573-82585078

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

Wechat MP: HEROIC_JX

T RN SRR E MG AR, BEN SREG ™ s S HE AR Bk
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