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TPA3116D2 15-W, 30-W, 50-W Filter-Free Class-D Stereo Amplifier Family With AM
Avoidance

1 Features

+ Supports Multiple Output Configurations
— 2=50W Into a 4-0 BTL Load at 21V
(TPA3116D2)
— 2= 30W Into a 8-0 BTL Load at 24 V¥
(TPA3118D2)

— 2x15W Into a 80 BTL Load at 15 V
(TPA3130D2)

»  Wide Voltage Range: 4.5 V1o 26 V
» Efficient Class-D Operation

— =80% Power Efficiency Combined With Low
Idle Loss Greatly Reduces Heat Sink Size

— Advanced Modulation Schemes
= Multiple Switching Frequencies
— AM Avoidance
— Master and Slave Synchronization
— Up to 1.2-MHz Switching Frequency

» Feedback Power-Stage Architecture With High
PSRR Reduces PSU Requirements

*  Programmable Power Limit
+ Differential and Single-Ended Inputs

» Stereo and Mono Mode With Single-Filter Mono
Configuration

* Single Power Supply Reduces Component Count
* Integrated Self-Protection Circuits Including

Overvoltage, Undervoltage, Overtemperature, DC-
Detect, and Short Circuit With Error Reporting

* Thermally Enhanced Packages
— DAD (32-Pin HTSSOP Pad Up)
— DAP (32-Pin HTSSOP Pad Down)
»  —40°C to 85°C Ambient Temperature Range

2 Applications

»  Mini-Micro Component, Speaker Bar, Docks
«  After-Market Automotive

= CRTTV

»  Consumer Audio Applications

3 Description

The TPA31xxD2 series are stereo efficient, digital
amplifier power stage for driving speakers up to 100
W / 2 Q in mono. The high efficiency of the
TPA3130D2 allows it to do 2 = 15 W without external
heat sink on a single layer PCB. The TPA3118D2 can
aven run 2 x 30 W/ 8 Q without heat sink on a dual
layer PCB. If even higher power is needed the
TPA311602 does 2 = 50 W / 4 0 with a small heat-
sink attached to its top side PowerPAD. All three
devices share the same footprint enabling a single
PCB to be used across different power levels.

The TPA31xxD2 advanced oscillator/PLL circuit
employs a multiple switching frequency option to
avoid AM interferences; this is achieved together with
an option of either master or slave option, making it
possible to synchronize multiple devices.

The TPA31xxD2 devices are fully protected against
faults with short-circuit protection and thermal
protection as well as overvoltage, undervoltage, and
DC protection. Faults are reported back to the
processor to prevent devices from being damaged
during overload conditions.

Device Information'!

PART NUMBER |PACKAGE BODY SIZE (NOM)
TPA3116D2 DaD (32) 11.00 mm = 6.20 mim
TPA3118D2
TPA313002 DAP (32) 11.00 mm * 6.20 mm

{1) For all avallable packages, see the orderable addendum at
tha end of the datasheet.
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Changes from Revision F (February 2017) to Revision G Page
+ Changed R to GND column row 1 From: "Short" To: "Open” in Table 3 i 16
+ Changed R to GVDD column row 1 From: "Open” To: "Short™ in Table 3. e 16
Changes from Revision E (September 2015) to Revision F Page
+ Changed pin 20 Description From: ceramic cap to OUTPL To: ceramic cap to OUTNL in the Pin Functions table............. 4
+ Changed pin 24 Description From: ceramic cap to OUTML To: ceramic cap to OUTPL in the Pin Functions table............. 4
+ Changed 2.3 Hz To 1.9 Hz for HIGH-PASS FILTER in Table 2 ..t smess e eee 16
Changes from Revision D (January 2015) to Revision E Page
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5 Pin Configuration and Functions

DAD Package
32-Pin HTSSOP With PowerPAD Up
TPA3116D2 Only, Top View

MODSEL |:|:/1 o 32 [ pvce
sDZ [T] 2 a1 7 pvece
FAULTZ [T] 3 a0 [T BSPR
RINP [T 4 29 | ouTPR
RINM [T] 5 28 [T GND
PLIMIT [T] & 27 17 OUTNR
GVDD [T 7 26 [T BSNR
GAIN/SLY [T & Themal 25 [T GND
GND [T] 9 PAD 24 [T BSPL
LINP [T 10 23 [ 17 ouTPL
LINN [T 11 22 [ 1] GND
MUTE [T 12 21 7 outnL
AMZ [T] 13 20 [ 17 BSNL
AM1[T] 14 18 [ Pvee
AMD [T 15 18 [ Pvee
sYNC [T]18 17 [T7 Avee

DAP Package

32-Pin HTSSO0P With PowerPAD Down

Top View
P
MODSEL [T] 1 & 32 [ PvCC
sDZ [T 2 31 [ pvec
FAULTZ [T] 3 30 [T BSPR
RINP [T 4 29 [ ouTPR
RINN [T & 28 [T GND
PLIMIT [T & 27 [T OUTNR
GvDD [T] 7 26 [T BSNR
GAIN/SLY [T & Thermal 25 [T GND
GND [T] 8 PAD 24 [ BSPL
LINP [T] 10 23 [T ouTpPL
LINN T 11 22 [ GND
MUTE [T 12 21 |7 outhL
amz [T]13 20 [T7 BsNL
AM1 T 14 18 o pvec
AMO [T 15 18 |7 pvce
SYNC [T]186 17 [ T7 avee

Copyright & 2012-2017, Texas Instruments Incorporated
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Pin Functions

PIN TYPE! DESCRIPTION

NO. MAME

1 MODSEL I Mode salaction logic input (LOW = BD mode, HIGH = 1 SPW mode). TTL logic levels with compliance to
AVCC.

2 502 I Shutdawn logic input for audio amp (LOW = outputs Hi-Z, HIGH = oulputs enabled). TTL logic levels with
compliance 1o AVCC.

3 FAULTZ DO | General fault reporting including Over-ternp, DC Detect. Open drain.
FAULTZ = High. normal operation
FAULTZ = Low, faull condition

4 RINP I Pasitve audio inpul for Fight channel. Biased at 3 V.

5 RINM I Negative awdio input for fght channel. Biased at 3 V.

[} PLIMIT I Power limit level adjust. Connect a resistor divider from GVDD to GND to set power limit. Connect directly
1o GVDD for no power limil.

7 VDD PO Internally generated gale voltage supply. Mot 1o be used as a supply or connected to any componant other
than a 1 uF XTR ceramic decoupling capacilor and the PLIMIT and GAIN/SLY resistor dividers.

8 GAINSLY I Salects Gain and selects belween Master and Slave mode depending on pin voltage divider.

g GHD G Ground

10 LiNP | Paositive audio inpul for laft channel. Biased at 3 V. Connect to GND for PBTL mode.

1 LINMN | HMegative audio input for left channel. Biased al 3V, Connect 1o GND for PBTL modsa.

12 MUTE I Mute signal for fast disablefenable of outputs (HIGH = outputs Hi-Z, LOW = outputs enabled). TTL lagic
levels with compliance e AVGC.

13 A2 | AM Avoidance Freguency Selection

14 Ak | AM Avoidance Freguency Salection

15 AMO I AM Avoidance Freguency Saleclion

16 SYNC DO | Clock nputlculpul for synchronizing mulliple class-D devices. Direction delermined by GAIN/SLY terminal.

17 AVCC P Analog Supply

18 PYCC P Pawer supply

19 PYCC P Pawer supply

20 BSMNL BST |Bool strap for negativa left channel output, connect o 220 nF X5R, or beller ceramic cap to OUTNL

21 OUTHL PO |HNegative left channal culpul

22 GND G Ground

23 OUTPL PO |Pasitve left channel output

24 BSPL BST |Bool strap for positive lefl channel culput, connect lo 220 nF X5R, or beller ceramic cap to OUTPL

25 GND G Ground

26 BSMR BST |Bool strap for negative righl channel oulpul, connect 1o 220 nF X5R, or batler caramie cap 1o OUTHR

27 QOUTHR PO HMegative right channel output

28 GND G Ground

29 OUTPR PO |Positive nght channal output

30 BSPR BST |Bool strap for positive right channel outpul, connect to 220 nF X5R or better ceramic cap to OUTPR

31 PVCC P Pawear supply

32 PVCC P Power supply

33 PawerPAD G Connect to GND for best system perormance. If not connected to GND, leave floating.

()

TYPE: DO = Digital Qutput, | = Analog Input, G = General Ground, PO = Power Outpul, BET = Boot Strap.

4
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)'"

MIN MAX UNIT
Supply vollage, Ve P e, AVee -0.3 a0 v
INPL, INNL, INPR, INMR -0.3 6.3 W
Input voltage, V| PLIMIT, GAIN | SLY, SYNC -0.3 GVDD+0.3 W
AMO, AM1, AM2_ MUTE, SDZ. MODSEL -0.3 PVCC+0.3 W

Slew rate, maximum® | AMO, AM1, AM2, MUTE, SDZ. MODSEL 10 Wims
Operating free-air temperatura, Ty —40 a5 "
Operating junction temperature | T, —40 150 C
Storage lemperature, Ty —40 125 *C

(1) Stresses beyond those listed under absolule maximum ralings may cause permanent damage 1o the device. These are slrass ralings
only, and functional operation of the device at these or any other conditions beyond those indicated under recommended aperating
conditions is not implied. Exposure to absalute-maximum-rated conditions for extendad perods may affect device raliability.

(2} 100 k2 series resislor is needad if maximum slaw rale is exceeded.

6.2 ESD Ratings

VALUE UNIT

Human-body model (HBM), per ANSIVESDA/JEDEC JS-001'7 +2000
Vigspy  Eleclrostatic discharge Charggd-dew ce madel (COM), par JEDEC specification JESD22- +500 v
clo1t®

(1} JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD contral process.
(2) JEDEC document JEP15T slates thatl 250-V CDM allows sale manufaciuring with a standard ESD control process. .

6.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

MIN  NOM  MAX | UNIT
Ve Supply voltage PWee, AV 4.5 26 W
Vi High-lavel Input 1 Apig AN, AM2, MUTE, SDZ, SYNC, MODSEL 2 W
vallage
Vi Low-level inpul 1 s wan ad1, AMZ, MUTE, SDZ, SYNC, MODSEL 08| W
vallage
Lew-level autput e
VoL m“ag; utpu FAULTZ, RppLye = 100 KL, P\pp = 26 W 08| W
™ por-evelinedl | AMo, AM1, AM2, MUTE, SDZ, MODSEL (V= 2V, Vee = 18 ) 50| wA
RUBTL) Outout filer. L =10 UH. © < 680 1 TPA311602, TPA3118D2 32 4
L utpul hilter- L = pH, &= n -
Minimurn load TPA313002 5.6 8 o
Impadance TPA311602, TPAZ118D2 16 }
R (PBTL) Output filter: L = 10 yH, € =1 pF
TPA313002 3.2 4
Lo a‘;tf:l;::gzr Minimurm autput flker induclance under shorl-circuit condition 1 uH
Copyright & 2012-2017, Texas Instruments Incorporated Submit Documentalion Feedback 5
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6.4 Thermal Information
TPA3130D2 TPA3118D2 TPA3116D2
THERMAL METRIC! DAP 2! DAPR! DAD ™ UNIT
32 PINS 32 PINS 32 PINS

R Junclion-lo-ambient thermal resistance 36 22 14

wiT Junclion-la-top characterization parameter 0.4 0.3 1.2 TN
IR Junction-lo-board characlarization paramater 59 4.7 57

(1)  For more information about traditional and new thermal melrics, see the Sermiconductor and IC Package Thermal Melncs application

raport.
(2} Forthe PCB layoul please see the TPA3130D2EWM user guide.
(3} Forthe PCB layoul please see the TPA311BD2EWM user guide.
14} The heat sink drawing used for the thermal model data are shown in the application section, size: 14mm wide, S0mm long, 25mm high.

6.5 DC Electrical Characteristics
Ta =25"C, AWpe = PV =12 W o 24 V, R = 4 0 {unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
| Vas | Sﬁ:{s@-ﬁs:ﬁut offsel voltage (measured Vi =0V, Gain = 36 dB 15 15| mv
) S0Z = 2V, Mo load ar filter, Pyee =12V 20 i5
lee Quiescant supply current ma,
SDZ = 2V, No load or filler, PVec =24 W 32 50
— Quiescant supply current in shuldown S0Z = 0.8V, No load or filler, PVpe = 12V <50 A
CEE0) mode SDZ = 0.8 V, No load or filler, PVpg = 24 s0 aoo| V
Fosion) E\f;’;‘l_f:’e‘é’fjiﬁz'?iim resietance, PVee = 21V, Ly = 500 mA. T, = 25°C 120 ma
R1 =56 ki1, R2 = Open 19 20 21 B
& Galn (BTL R1 =20 ki, R2 = 100 kix 25 26 27
a
n BT R1 = 30 ki, R2 = 100 kit EEE I
R1 =47 k2, R2 = 75 kO 35 a6 a7
R1 =51 ki1, R2 = 51 k2 19 20 21 4B
R1 =75k}, R2 = 47 ki 25 26 27
G Gain (SLV)
R1 =100 kiz, R2 = 39 k0 Ky 3z i3 4B
R1 =100 kiz, R2 = 16 k2 35 a6 a7
ton Tum-on time SDZ=2W 10 me
loer Turn-cff timea SDZ=08V 2 us
GVDD  Gate drive supply IGVDD = 200 pA 6.4 6.9 7.4 v
A Sﬂ“r:ﬁ;‘l valtage maximum under PUMIT s 10aimy = 2V V= 1 Vi 675 T80 ATS| W

L]
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6.6 AC Electrical Characteristics
T, =25"C, AV = PV =12V o 24 V, R, = 4 0 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
KSVR  Power supply rpple rejeclion égg;:;ﬁ% FIC-?ISE at 1 kHz, Gain = 20 d8, Inputs AC- —70 4B
THD+M = 10%, 1= 1 kHz, PVee = 144V 25
Pa Continueus oulpul power THDN = 10%, 1= 1 kHz, Fie =21V a0 W
THD+M  Total harmonic distoriion + naisa Voo = 21V, 1 =1 kHz, Po = 25 W {hall-power) 0.1%
Vi Output integrated noisa 20 Hz 1o 22 kHz, A-weighted filter, Gain = 20 dB 85 A
—80 dBY
Crosstalk Vo = 1 Wi, Gain = 20 dB, { = 1 kHz —100 d8
SNR  Signaldo-noise ratio mi’i‘:;’;‘:;;”‘pul at THO+MN < 1%, f=1 kHz, Gain = 20 dB, 102 d8
AM2=0, AM1=0, AMO=0 ars 400 424
AM2=0, AM1=0, AMO=1 470 500 530
AM2=0, AM1=1, AMO=0 564 600 G3G
AMZ2=0, AM1=1, AMO=1 940 1000 1060
fose  Oscilator frequency AMZ=1, AM1=0, AMO=0 T128 1200 1278 M
AM2=1, AM1=0, AMO=1
AMZ=1, AM1=1, AMO=0 Reserved
AMZ2=1, AM1=1, AMO=1
Thermal trip point 150+ *C
Thermal hysterasis 15 *C
TRA3130D2 4.3
Ower current trip point TPA3118D2, TPA3116D2 75 A
Copyright & 2012-2017, Texas Instruments Incorporated Submit Documentalion Feedback 7
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6.7 Typical Characteristics
f, = 400 kHz, BD Mode (unless otherwise noted)
10 10
Giain = FdE — Py =W
Plice = BY — Po=ZEW
Ta=E"C — Po=2W
Ry =40
1
g 7o g
z o -—d z oo
] = =
CRHH T [ H 1 A
el A 11
o om ;‘é_;%z e
0.0 0.0 ”
i1} 100 ik 0 20k a0 100 ik 0k 20k

Frasuancy (Hz)

Figure 1. Total Harmonic Distortion + Noise (BTL) vs

Frsancy (Hzy

Figure 2. Total Harmonic Distortion + Noise (BTL) vs

Figure 3. Total Harmonic Distortion + Noise té;I'L} VS

Frequency Frequency
10 10
Giain = 2EdE — PFa=1W Gain = 2EdE — Pa=1W
Flice = 244 — Po=EW Pl = 12V — Po =250
Tu= 250 — Pg= i Tz 250 — Po=5W
Ry =40 Fu = B8O
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Figure 4. Total Harmonic Distortion + Noise (BTL) vs

Figure 5. Total Harmonic Distortion + Noise (BTL) vs
Frequency

Frequency Fraquency
10 10
— Pa= W
— Po=EW
— Py 0
1
= -I"ﬁ
E W f_" "r_..-‘ HH _/"
Z o1 éf- - Z il -
& e e
= T4 — 1§ 3 .
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L4 — = EkHE
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0 100 1k 20k oo (K] 1 0
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Figure 6. Total Harmonic Distortion + Noise (BTL) vs Output
Power
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Typical Characteristics (continued)

f. = 400 kHz, BD Mode (unless otherwise noted)

Figure 7. Total Harmonic Distortion + Noise (BTL) vs Output

10 10
Gain = FdE Gain = FdE .P
Pllce = 12V Pllce = 24V N |
Ta=25°C Ta=25C
R, =40 Ry =40
1 ]|
il
H i
- " -
£ : A £ = Y
Z A L] T oaa "‘Eﬂ
¥ —— g
- = -
= o = =
== =H - e, atl
SR 111 WiE ey
o oot = =t
— 1=I0Hz — 1=30Hz
— = kHz — 1= 1kHz
— = EkHE — = EkHE
.00 0.001
oot 0.1 1 10 40 at 0.1 1 10 100
Dourtpil Posvar W) Diuitpust Posar W)

Figure 8. Total Harmonic Distortion + Noise (BTL) vs Output

Figure 9. Total Harmonic Distortion + Noise (BTL) vs Output

Power Power
10 10
Gain = FdB
Fge = 12
T,=35'C
R = BQ
1 1
7 e z H
- =3 1 1A
11
e == T oat =3
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~ A =~ =
= == = =n
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— T=EkHz — T=kHz
0004 0.001
oo ot 1 10 =0 Qo i 1 0 =0
Owiipui Powar (W) Ouiput Powar (W)

Figure 10. Total Harmonic Distortion + Noise (BTL) vs

] 1 2
FLIMIT Vokaga [V)

Figure 11. Output Power (BTL) vs Plimit Voltage
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Figure 12. Gain/Phase (BTL) vs Frequency
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Typical Characteristics (continued)
f. = 400 kHz, BD Mode (unless otherwise noted)
&0 100
Gain = FdE a5 | Gain = 26dE
45 | Tz /] oo | Ta=25°C
Fy =BG ‘/ g | =40
41l B0 i
™
; / P s 7
i’ o &0 A
T 17 - ’/ o
E = / /| E = A ¥
-1 > a4 L1
E m A/ E A A
: L 3 7
B % i= o
1n /',/ = /./ [~
15 |
5 ,,_-"f [E— 1 ;x I = THO+N=1%
— m— THO+H = 10% = | m— THO+M = 10%
I'I4 B 8 10 12 14 16 18 20 2= M IE E-" B 8 10 12 14 168 18 20 22 M4 I

Supply Yolags V)

Figure 13. Maximum Output Power (BTL) vs Sup|.;|y Vaoltage

Figure 14. Maximum Output Power (BTL) vs Supply Voltage

Supply Vallags (V)
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[ &
30 =
20
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R, = B0 — Pige = 34V R =40
[ o
o 5 0 15 I 25 20 35 40 &5 G0 o 5 10 15 Z 25 20 35 40 &5 G0
Duipul Posar W Diuput Powar (W)
Figure 15. Power Efficiency (BTL) vs Output Power Figure 16. Power Efficiency (BTL) vs Output Power
[ o
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Figure 17. Crosstalk vs Frequency Figure 18. Crosstalk vs Frequency
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Typical Characteristics (continued)

f. = 400 kHz, BD Mode (unless otherwise noted)

Gain = FdE
_qg | PVee = 1290 + 200miden
Ta=25°C
o | BEQ
-30
_ -4n
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& =0
2
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Figure 19. Supply Ripple Rejection Ratio (BTL) vs
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Figure 21. Total Harmonic Distortion + Noise (PBTL) vs
Output Power
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Figure 22. Maximum Output Power (PBTL) vs Supply
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Typical Characteristics (continued)

f. = 400 kHz, BD Mode (unless otherwise noted)
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Figure 25. Total Harmonic Distortion + Moise (PBTL) vs Figure 26. Maximum Output Power (PBTL) vs Supply
Output Power Voltage
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7 Detailed Description

7.1 Overview

The TPA31xxD2 device is a highly efficient Class D audio amplifier with integrated 120m Ohms MOSFET that
allows output currents up to 7.5 A. The high efficiency allows the amplifier to provide an excellent audio
performance without the need for a bulky heat sink.

The device can be configured for either master or slave operation by using the SYNC pin. This helps to prevent
audible beats noise.

7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Gain Setting and Master and Slave

The gain of the TPA31xxD2 family is set by the voltage divider connected to the GAIN/SLV control pin. Master or
Slave mode is also controlled by the same pin. An internal ADC is used to detect the 8 input states. The first four
stages sets the GAIN in Master mode in gains of 20, 26, 32, 36 dB respectively, while the next four stages sets
the GAIN in Slave mode in gains of 20, 26, 32, 36 dB respectively. The gain setting is latched during power-up
and cannot be changed while device is powered. Table 1 lists the recommended resistor values and the state
and gain:
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Feature Description (continued)

Table 1. Gain and Master/Slave

MASTER | SLAVE GAIN R1 (to GND) R2 jto GVDD)!!! INPUT IMPEDANGE
Master 20 dB 5.6 KO QOPEN B0 ki2
Master 26 dB 20 ki 100 kix 30 k02
Master 32d8 39 ki 100 kit 15 ki1
Master 36 dB 47 k12 75 ki S ki
Slave 20 dB 81 k2 al ki 60 k2
Slave 26 dB 79 ki 47 ki 30 k2
Slave 32dB 100 ki 39 ko 15 ki1
Slave 36 dB 100 ki 16 ki S ki

(1) Resislor lolerance should be 5% or batter.

' l 2| INNR
2 | ey pLmaiT
C5 14F_2 11 7| evob
2 . 1.R251k 8 | GasLy
R1_51k e °lonn
v I 1

Figure 27. Gain, Master/Slave

In Master mode, SYNC terminal is an output, in Slave mode, SYNC terminal is an input for a clock input. TTL
logic levels with compliance to GVDD.

7.3.2 Input Impedance

The TPA31xxD2 family input stage is a fully differential input stage and the input impedance changes with the
gain setting from @ kQ at 36 dB gain to 60 kQ at 20 dB gain. Table 1 lists the values from min to max gain. The
tolerance of the input resistor value is #20% so the minimum value will be higher than 7.2 k{). The inputs need to
be AC-coupled to minimize the output dec-offset and ensure correct ramping of the output voltages during power-
ON and power-OFF. The input ac-coupling capacitor together with the input impedance forms a high-pass filter
with the following cut-off frequency:

1

f=—
27Z,C, (1)

If a flat bass response is required down to 20 Hz the recommended cut-off frequency is a tenth of that, 2 Hz.
Table 2 lists the recommended ac-couplings capacitors for each gain step. If a -3 dB is accepted at 20 Hz 10
times lower capacitors can used — for example, a 1 yF can be used.

Table 2. Recommended Input AC-Coupling Capacitors

GAIN INPUT IMPEDANCE INPUT CAPACITANCE HIGH-PASS FILTER
20 dB 60 k0 1.5 pF 1.8 Hz
26 dB 30 k0 33 pF 1.6 Hz
32dB 15 k2 5.6 pF 1.8 Hz
36 dB g k2 10 pF 1.8 Hz
14 Subrmil Documentalion Feedback Copyright @ 2012-2017, Texas Instrumenis Incorporated
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Figure 28. Input Impedance

The input capacitors used should be a type with low leakage, like guality electrolytic, tantalum or ceramic. If a
polarized type is used the positive connection should face the input pins which are biased to 3 Vdc.

7.3.3 Startup and Shutdown Operation

The TPA31xxD2 family employs a shutdown mode of operation designed to reduce supply current {lcc) to the
absolute minimum level during periods of nonuse for power conservation. The SDZ input terminal should be held
high (see specification table for trip point) during normal operation when the amplifier is in use. Pulling SDZ low
will put the outputs to mute and the amplifier to enter a low-current state. It is not recommended to leave SDZ
unconnected, because amplifier operation would be unpredictable.

For the best power-off pop performance, place the amplifier in the shutdown mode prior to removing the power
supply. The gain setting is selected at the end of the start-up cycle. At the end of the start-up cycle, the gain is
selected and cannot be changed until the next power-up.

7.3.4 PLIMIT Operation

The TPA31xxD2 family has a built-in voltage limiter that can be used to limit the output voltage level below the
supply rail, the amplifier simply operates as if it was powered by a lower supply voltage, and thereby limits the
output power. Add a resistor divider from GVDD to ground to set the voltage at the PLIMIT pin. An external
reference may also be used if tighter tolerance is required. Add a 1 pF capacitor from pin PLIMIT to ground to
ensure stability. It is recommended to connect PLIMIT to GVDD when using 1SPW-modulation mode.

Figure 29. Power Limit Example

The PLIMIT circuit sets a limit on the output peak-to-peak voltage. The limiting is done by limiting the duty cycle
to a fixed maximum wvalue. This limit can be thought of as a "virtual voltage rail which is lower than the supply
connected to PVCC. This "virtual” rail is approximately 4 times the voltage at the PLIMIT pin. This output voltage
can be used to calculate the maximum cutput power for a given maximum input voltage and speaker impedance.
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)

Po Tx R for unclipped power
where
* Py (10% THD) = 1.25 = Py (unclipped)
+ R is the load resistance.
*  Rgis the total series resistance including Rpsje, and output filter resistance.
+  \pis the peak amplitude
* Vp =4 = PLIMIT voltage if PLIMIT < 4 = Vq {2)
Table 3. Power Limit Example
PVee (V) PLIMIT VOLTAGE (V)" R to GND R to GVDD OUTPUT VOLTAGE [V ms)
24 GWDD Open Shart 17.9
24N 33 45 ki 51 kid 1267
24N 225 24 kid 51 kid 9
12 GVDD Short Open 10.33
12 2.25 24 kiy 51 ki 9
12 15 18 ki B8 ki B3

(1)  PLIMIT measurements taken with EVM gain sel to 26 dB and input voltage sel to 1 V..

7.3.5 GVDD Supply

The GVDD Supply is used to power the gates of the output full bridge transistors. It can also be used to supply
the PLIMIT and GAIN/SLYV voltage dividers. Decouple GVDD with a X5R ceramic 1 pF capacitor to GND. The
GWDD supply is not intended to be used for external supply. It is recommended fo limit the current consumption
by using resistor voltage dividers for GAIN/SLY and PLIMIT of 100 k) or more.

7.3.6 BSPx AND BSNx Capacitors

The full H-bridge output stages use only NMOS transistors. Therefore, they require bootstrap capacitors for the
high side of each output to turn on correctly. A 220 nF ceramic capacitor of quality X5R or better, rated for at
least 16 V, must be connected from each output to its corresponding bootstrap input. (See the application circuit
diagram in Figure 37.) The bootstrap capacitors connected between the BSxx pins and corresponding output
function as a floating power supply for the high-side N-channel power MOSFET gate drive circuitry. During each
high-side switching cycle, the bootstrap capacitors hold the gate-to-source voltage high enough to keep the high-
side MOSFETSs turned on.

7.3.7 Differential Inputs

The differential input stage of the amplifier cancels any noise that appears on both input lines of the channel. To
use the TPAI1xxD2 family with a differential source, connect the positive lead of the audio source to the RINP or
LINP input and the negative lead from the audio source to the RINM or LINN input. To use the TPA31xxD2 family
with a single-ended source, ac ground the negative input through a capacitor equal in value to the input capacitor
on positive and apply the audio source to either input. In a single-ended input application, the unused input
should be ac grounded at the audio source instead of at the device input for best noise performance. For good
transient performance, the impedance seen at each of the two differential inputs should be the same.

The impedance seen at the inputs should be limited to an RC time constant of 1 ms or less if possible. This is fo
allow the input dc blocking capacitors to become completely charged during the 10 ms power-up time. If the input
capacitors are not allowed to completely charge, there will be some additional sensitivity to component matching
which can result in pop if the input components are not well matched.
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7.3.8 Device Protection System

The TPA31xxD2 family contains a complete set of protection circuits carefully designed to make system design
efficient as well as fo protect the device against any kind of permanent failures due to short circuits, overload,
over temperature, and under-veltage. The FAULTZ pin will signal if an error is detected according to Table 4:

Table 4. Fault Reporting

TRIGGERING CONDITION LATCHED/SELF-

FAULT ftypical value) FAULTZ ACTION CLEARING
Ower Current Output short or short 1o PYCC or GND Lew Cutpul high impeadanca Latehed
Over Temperalure Tj=150°C Low Oulput high impedanca Latched
Toa High DC Offset DC outlput voltage Low Cutpul high impedance Latched

Under Vallage on PVCC = 4.5V - Cutpul high impeadanca Self-clearing

PVCC
OmrF\:"?‘l:l:aéga an PWCC = 2TV - Oulput high impedanca Sell-clearing

7.3.9 DC Detect Protection

The TPA31xxD2 family has circuitry which will protect the speakers from DC current which might occur due to
defective capacitors on the input or shorts on the printed circuit board at the inputs. A DC detect fault will be
reported on the FAULT pin as a low state. The DC Detect fault will also cause the amplifier to shutdown by
changing the state of the cutputs to Hi-Z.

If automatic recovery from the short circuit protection latch is desired, connect the FAULTZ pin directly to the
SDZ pin. This allows the FAULTZ pin function to automatically drive the SDZ pin low which clears the DC Detect
protection latch.

A DC Detect Fault is issued when the output differential duty-cycle of either channel exceeds 60% for more than
420 msec at the same polarity. Table x below shows some examples of the typical DC Detect Protection
threshold for several values of the supply voltage. This feature protects the speaker from large DC currents or
AC currents less than 2Hz. To avoid nuisance faults due to the DC detect circuit, hold the SD pin low at power-
up until the signals at the inputs are stable. Also, take care to match the impedance seen at the positive and
negative inputs to avoid nuisance DC detect faults.

Table 5 lists the minimum output offset voltages reqguired to trigger the DC detect. The outputs must remain at or
above the voltage listed in the table for more than 420 ms to trigger the DC detect.

Table 5. DC Detect Threshold

PVee (V) Vos - OUTPUT OFFSET VOLTAGE (V)
45 0.96
8 13
12 28
18 39

7.3.10 Short-Circuit Protection and Automatic Recovery Feature

The TPA31xxD2 family has protection from over current conditions caused by a short circuit on the output stage.
The short circuit protection fault is reported on the FAULTZ pin as a low state. The amplifier outputs are switched
to a high impedance state when the short circuit protection latch is engaged. The latch can be cleared by cycling
the SDZ pin through the low state.

If automatic recovery from the short circuit protection latch is desired, connect the FAULTZ pin directly to the
SDZ pin. This allows the FAULTZ pin function to automatically drive the SDZ pin low which clears the short-
circuit protection latch.

In systems where a possibility of a permanent short from the output to PYDD or to a high voltage battery like a
car battery can occur, pull the MUTE pin low with the FAULTZ signal with a inverting transistor to ensure a high-
Z restart, like shown in the figure below:

Copyright © 2012-2017, Texas Instruments Incorporated Submit Documentalion Feedback 17

Product Folder Links: TPA311602 TPA311802 TPA313002



{P Texas
INSTRUMENTS
TPA3116D2, TPA3118D2, TPA3130D2

SLOSTOEG -APRIL 2012-REVISED DECEMBER 2017 www.tl.com
g e
" 164 u
: ::-m ::z "I P MUTE L TPA3116D2
e wira |1 FALLTZ
e - QUTA i
L o S0z
an b LIPS THA
by W T n yenn |2 MUTE
'"': k.’: GAE, 2 ey "?' oo 2
- nF =¥
2 (1" R BEFL it
A, 0 oL E.l. TR E:I FAULTZ
LI Py 2 o 2
rare | 2 e - a2
e - : o b, :
an G
t el i [
g e s [
T
Cagyrighl & 3016, Taom rersments rczpasbed
Figure 30. MUTE Driven by Inverted FAULTZ Figure 31. Timing Requirement for SDZ

7.3.11 Thermal Protection

Thermal protection on the TPA31xxD2 family prevents damage to the device when the internal die temperature
exceeds 150°C. There is a +15°C tolerance on this trip point from device to device. Once the die temperature
exceeds the thermal trip point, the device enters into the shutdown state and the outputs are disabled. This is a
latched fault.

Thermal protection faults are repaorted on the FAULTZ terminal as a low state.

If automatic recovery from the thermal protection latch is desired, connect the FAULTZ pin directly to the SDZ
pin. This allows the FAULTZ pin function to automatically drive the SDZ pin low which clears the thermal
protection latch.

7.3.12 Device Modulation Scheme

The TPA31xxD2 family has the option of running in either BD modulation or 1SPW modulation; this is set by the
MODSEL pin.

7.3.12.1 MODSEL = GND: BD-Modulation

This is a medulation scheme that allows operation without the classic LC reconstruction filter when the amp is
driving an inductive load with short speaker wires. Each output is switching from 0 volts to the supply voltage.
The QUTPx and OUTMx are in phase with each other with no input so that there is little or no current in the
speaker. The duty cycle of OUTPx is greater than 50% and OUTMx is less than 50% for positive output voltages.
The duty cycle of OUTPx is less than 50% and OUTMx is greater than 50% for negative output voltages. The
voltage across the load sits at 0V throughout most of the switching period, reducing the switching current, which
reduces any I°R losses in the load.
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Figure 32. BD Mode Modulation

7.3.12.2 MODSEL = HIGH: 1SPW-modulation

The 15PW mode alters the normal modulation scheme in order to achieve higher efficiency with a slight penalty
in THD degradation and more attention required in the output filter selection. In 1SPW mode the outputs operate
at ~15% modulation during idle conditions. When an audio signal is applied one output will decrease and one will
increase. The decreasing output signal will gquickly rail to GND at which peint all the audio medulation takes place
through the rising output. The result is that only cne output is switching during a majority of the audio cycle.
Efficiency is improved in this mode due to the reduction of switching losses. The THD penalty in 15PW mode is
minimized by the high performance feedback loop. The resulting audio signal at each half output has a
discontinuity each time the output rails to GND. This can cause ringing in the audio reconstruction filter unless
care is taken in the selection of the filter components and type of filter used.

Copyright & 2012-2017, Texas Instruments Incorporated Submit Documentalion Feedback 19

Product Folder Links: TPA311602 TPA311802 TPA313002



{y’nam
INSTRUMENTS
TPA3116D2, TPA3118D2, TPA3130D2

SLOSTOBG —APRIL 2012-REVISED DECEMBER 2017 wwwitl.com
1
1
| | | 1
| 1 | ]
| 1 | 1
ouTP —| I 1 I I |_
T T T T
| 1 | 1
| | | 1
OUTN I 1 | 1
-| T T T T |- No Output
| 1 | 1
I 1 I 1
QUTP-OUTN ov T T T T
| 1 | 1
| 1 | 1
Speaker I 1 | 1
Current : : : :
| | | 1
| 1 | 1
| 1 | 1
ouTe [ I [ 1
| 1 | 1
| | |
OUTN | ' l
: : : Positive Output
I 1 I

PVCC
DUTP-OUTN gy ! : Il |
1
Speaker 1
g ,HrH’T‘““mnmHM_+,F,F;ﬂ’ﬂ’j’“"hum\mh_r;,,ﬂ,
oA

Negative Output
OUTN
1
1
OUTP-OUTN av 1
-PVCC —--4-J LT------rJ L}-—-——

| 1
Speaker O0A m—mmqe—————— i i a====

Current : 1 : -':""‘--ﬁ...

Figure 33. 15PW Mode Modulation
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7.3.13 Efficiency: LC Filter Required with the Traditional Class-D Modulation Scheme

The main reason that the traditional class-D amplifier-based on AD modulation needs an output filter is that the
switching waveform results in maximum current flow. This causes more loss in the load, which causes lower
efficiency. The ripple current is large for the traditional modulation scheme, because the ripple current is
proportional to voltage multiplied by the time at that voltage. The differential voltage swing is 2 x VCC, and the
time at each voltage is half the pericd for the traditional modulation scheme. An ideal LC filter is needed to store
the ripple current from each half cycle for the next half cycle, while any resistance causes power dissipation. The
speaker is both resistive and reactive, whereas an LC filter is almost purely reactive.

The TPA3116D2 modulation scheme has little loss in the load without a filter because the pulses are short and
the change in voltage is WCC instead of 2 x WCC. As the output power increases, the pulses widen, making the
ripple current larger. Ripple current could be filtered with an LC filter for increased efficiency, but for most
applications the filter is not needed.

An LC filter with a cutoff frequency less than the class-D switching frequency allows the switching current to flow
through the filter instead of the load. The filter has less resistance but higher impedance at the switching
frequency than the speaker, which results in less power dissipation, therefore increasing efficiency.

7.3.14 Ferrite Bead Filter Considerations

Using the Advanced Emissions Suppression Technelogy in the TPA3116D2 amplifier it is possible to design a
high efficiency class-D audio amplifier while minimizing interference to surrounding circuits. It is also possible to
accomplish this with only a low-cost ferrite bead filter. In this case it is necessary to carefully select the ferrite
bead used in the filter. One important aspect of the ferrite bead selection is the type of material used in the ferrite
bead. Mot all ferrite material is alike, so it is important to select a material that is effective in the 10 to 100 MHz
range which is key to the operation of the class-D amplifier. Many of the specifications regulating consumer
electronics have emissions limits as low as 30 MHz. It is important to use the ferrite bead filter to block radiation
in the 30 MHz and above range from appearing on the speaker wires and the power supply lines which are good
antennas for these signals. The impedance of the ferrite bead can be used along with a small capacitor with a
value in the range of 1000 pF to reduce the frequency spectrum of the signal to an acceptable level. For best
performance, the resonant frequency of the ferrite bead/ capacitor filter should be less than 10 MHz.

Also, it is important that the ferrite bead is large enough to maintain its impedance at the peak currents expected
for the amplifier. Some ferrite bead manufacturers specify the bead impedance at a variety of current levels. In
this case it is possible to make sure the ferrite bead maintains an adequate amount of impedance at the peak
current the amplifier will see. If these specifications are not available, it is also possible to estimate the bead
current handling capability by measuring the resonant frequency of the filter output at low power and at maximum
power. A change of resonant frequency of less than fifty percent under this condition is desirable. Examples of
ferrite beads which have been tested and work well with the TPA3130D2 can be seen in the TPA3130D2EVM
user guide SLOU341.

A high quality ceramic capacitor is also needed for the ferrite bead filter. A low ESR capacitor with good
temperature and voltage characteristics will work best.

Additional EMC improvements may be obtained by adding snubber networks from each of the class-D outputs to
ground. Suggested values for a simple RC series snubber network would be 18 £} in series with a 330 pF
capacitor although design of the snubber network is specific to every application and must be designed taking
into account the parasitic reactance of the printed circuit board as well as the audio amp. Take care to evaluate
the sitress on the component in the snubber network especially if the amp is running at high PVCC. Also, make
sure the layout of the snubber network is tight and returns directly to the GMD pins on the IC.
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Figure 34. TPA311xD2 Radiated Emissions

7.3.15 When to Use an Output Filter for EMI Suppression

The TPA3116D2 has been tested with a simple ferrite bead filter for a variety of applications including long
speaker wires up to 125 cm and high power. The TPA3116D2 EVM passes FCC class-B specifications under
these conditions using twisted speaker wires. The size and type of ferrite bead can be selected to meet
application requirements. Also, the filter capacitor can be increased if necessary with some impact on efficiency.

There may be a few circuit instances where it is necessary to add a complete LC reconstruction filter. These
circumstances might occur if there are nearby circuits which are sensitive to noise. In these cases a classic
second order Butterworth filter similar to those shown in the figures below can be used.

Some systems have little power supply decoupling from the AC line but are also subject to line conducted
interference (LCI) regulations. These include systems powered by "wall warts" and "power bricks." In these
cases, LC reconstruction filters can be the lowest cost means to pass LCI tests. Commen mode chokes using
low frequency ferrite material can also be effective at preventing line conducted interference.
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Figure 35. TPA31xxD2 Output Filters

7.3.16 AM Avoidance EMI Reduction

To reduce interference in the AM radio band, the TPA3116D2 has the ability to change the switching frequency
via AM=2:0= pins. The recommended frequencies are listed in Table 6. The fundamental frequency and its
second harmonic straddle the AM radio band listed. This eliminates the tones that can be present due to the

switching frequency being demodulated by the AM radio.

Table 6. AM Frequencies

uUs EUROPEAN
SWITCHING FREQUENCY (kHz) | AM2 | AM1 | AMo
AM FREQUENCY (kHz) AM FREQUENCY (kHz)
522-540
540-917 240814 S00 0 o 1
817-1125 914-1122 G600 400 0 ! 0
e 1ae or
( ) ] 0 0
11251375 1122-1373 S00 0 o 1
o 1 )
13751547 1373-1548 600 (or 400)
o 0 0
o 1 )
15471700 1548-1701 G600 (or 500) a o 3
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7.4 Device Functional Modes

7.4.1 Mono Mode (PBTL)

The TPA31xxD2 family can be connected in MONO mode enabling up to 100W output power. This is done by:

» Connect INPL and INML directly to Ground (without capacitors) this sets the device in Mono mode during
power up.

»  Connect OUTPR and OUTNR together for the positive speaker terminal and OUTNL and OUTPL together for
the negative pin.

» Analog input signal is applied to INPR and INNR.

TPA3116D2 4.5 V=26 V|
N PsU
Right : OUTFR
—* OUTNR
| LeFitter

| -----, ouTPL

e[ "] !PBTL1  OUTNL
1 | Detect :

=
Figure 36. Mono Mode
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the Tl component
specification, and Tl does not warrant its accuracy or completeness. Tl's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

This section describes a 2.1 Master and Slave application. The Master is configured as stereo outputs and the
Slave is configured as mono PBTL output.

8.2 Typical Application

A 2.1 solution, U1 TPA3116D2 in Master mode 400 kHz, BTL, gain if 20 dB, power limit not implemented. U2 in
Slave, PBTL mede gain of 20 dB. Inputs are connected for differential inputs.

Copyright & 2012-2017, Texas Instruments Incorporated Submit Documentalion Feedback 25
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Typical Application (continued)
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Figure 37. Schematic
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Typical Application (continued)
8.2.1 Design Requirements

DESIGN PARAMETERS EXAMPLE VALUE

Input veltage range PVCC 4510 26W

FPWM outpul frequencias 400 kHz, 500 kHz, 600 kHz, 1 MHz or 1.2 MHz
Maxirmum outpul power S00W

8.2.2 Detailed Design Procedure

The TPA31xxD2 family is a very flexible and easy to use Class D amplifier; therefore the design process is
straightforward. Before beginning the design, gather the following information regarding the audio system.

= PWCC rail planned for the design

» Speaker or load impedance

*  Maximum output power requirement

+ Desired PWM frequency

8.2.2.1 Select the PWM Frequency
Set the PWM frequency by using AMO, AM1 and AMZ2 pins.

8.2.2.2 Select the Amplifier Gain and Master/Slave Mode

In order to select the amplifier gain setting, the designer must determine the maximum power target and the
speaker impedance. Once these parameters have been determined, calculate the required output voltage swing
which delivers the maximum output power.

Choose the lowest analog gain setting that corresponds to produce an output voltage swing greater than the
reqguired output swing for maximum power. The analog gain and master/slave mode can be set by selecting the
voltage divider resistors (R1 and R2) on the Gain/SLV pin.

8.2.2.3 Select Input Capacitance

Select the bulk capacitors at the PVCC inputs for proper voltage margin and adequate capacitance to support the
power requirements. In practice, with a well-designed power supply, two 100-puF, 50-V capacitors should be
sufficient. One capacitor should be placed near the PVCC inputs at each side of the device. PVCC capacitors
should be a low ESR type because they are being used in a high-speed switching application.

8.2.2.4 Select Decoupling Capacitors

Good guality decoupling capacitors need to be added at each of the PVCC inputs to provide good reliability,
good audio performance, and to meet regulatory requirements. X5R or better ratings should be used in this
application. Consider temperature, ripple current, and voltage overshoots when selecting decoupling capacitors.
Also, these decoupling capacitors should be located near the PVCC and GMD connections to the device in order
to minimize series inductances.

8.2.2.5 Select Bootstrap Capacitors

Each of the cutputs require bootstrap capacitors to provide gate drive for the high-side output FETs. For this
design, use 0.22-pF, 25-V capacitors of X5R guality or better.
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B.2.3 Application Curves

10 10 =
Chain = 25dE Can = 2dE i
Pl = 12V Pllzp = 240 HE
Tu= T =25
Fy = &0 Ry =40
" 1l
it
= i -
£ . i £ = B
11 I~
5 === === &
3 = z g
—= —— H — -
FEA 1] 0 =
Do Dot [T =TT [
— = EHIHz — = 3Hz
— = 1KHZ — = kHZ
— T=EkHz —_— = EhHz
0.0 0001
[Ny ] oq 1 i0 40 o o4 1 io 10d
Owiipui Powar (W) Ouiput Powar (W)
Figure 38. Total Harmonic Distortion + Noise (BTL) vs Figure 39. Total Harmonic Distortion + Noise |BTL) vs
Output Power Output Power

9 Power Supply Recommendations

The power supply requirements for the TPA3116D2 consist of one higher-voltage supply to power the output
stage of the speaker amplifier. Several on-chip regulators are included on the TPA3116D2 to generate the
voltages necessary for the internal circuitry of the audio path. It is important to note that the voltage regulators
which have been integrated are sized only to provide the current necessary to power the internal circuitry. The
external pins are provided only as a connection point for off-chip bypass capacitors to filter the supply.
Connecting external circuitry to these regulator outputs may result in reduced performance and damage fo the
device. The high voltage supply, between 4.5 W and 26 V, supplies the analog circuitry (AVCC) and the power
stage (PVCC). The AVCC supply feeds internal LDO including GVDD. This LDO output are connected to
external pins for filtering purposes, but should not be connected to external circuits. GVDD LDO output have
been sized to provide current necessary for internal functions but not for external loading.

10 Layout

10.1 Layout Guidelines

The TPA311602 can be used with a small, inexpensive ferrite bead output filter for most applications. However,
since the class-D switching edges are fast, it is necessary to take care when planning the layout of the printed
circuit board. The following suggestions will help to meet EMC requirements.

* Decoupling capacitors — The high-frequency decoupling capacitors should be placed as close to the PVYCC
and AVCC terminals as possible. Large (100 pF or greater) bulk power supply decoupling capacitors should
be placed near the TPA311602 on the PVCC supplies. Local, high-frequency bypass capacitors should be
placed as close to the PVCC pins as possible. These caps can be connected to the IC GND pad directly for
an excellent ground connection. Consider adding a small, good quality low ESR ceramic capacitor between
220 pF and 1 nF and a larger mid-frequency cap of value between 100 nF and 1 pF also of good quality to
the PVCC connections at each end of the chip.

» Keep the current loop from each of the outputs through the ferrite bead and the small filter cap and back to
GMD as small and tight as possible. The size of this current loop determines its effectiveness as an antenna.

* Grounding — The PVCC decoupling capacitors should connect to GND. All ground should be connected at
the IC GND, which should be used as a central ground connection or star ground for the TPA3116D2.

»  QOutput filter — The ferrite EMI filter (see Figure 35) should be placed as close to the output terminals as
possible for the best EMI performance. The LC filter should be placed close to the outputs. The capacitors
used in both the ferrite and LC filters should be grounded.
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Layout Guidelines (continued)

For an example layout, see the TPA3116D2 Evaluation Module (TPA3116DZEVM) User Guide (SLOU336). Both
the EVM user manual and the thermal pad application reports, SLMADDZ and SLMAOO4, are available on the TI
Web site at hitp:/fwww ti.com.

10.2 Layout Example

Lots of via's to connect

top and battom layer
Bulk cap for good audio

decoupling

Direct low impedance
traces for PVCC and
output traces

Wide open areas for
thermal flow. Mo wires
cutting the GND layer

obstructing the tharmal | Ceramic SMD caps close

flow to GVDD, PVCC pins

Top layer is filled with

GMND Output filters placed

close to the output pins
O to minimize return loop

Figure 40. Layout Example Top
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Layout Example (continued)

Via’s zlong the PCB
adge

Solid GND plane for low

impedance return path

Lots of via's to connect
top and bottom layer

Bottom layer is filled
with GND

Figure 41. Layout Example Bottom
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10.3 Heat Sink Used on the EVM

The heat sink (part number ATS-TI 10 OP-521-C1-R1) used on the EVM is an 14x25x50 mm extruded aluminum
heat sink with three fins (see drawing below). For additional information on the heat sink, go to www.qats.com.

50002038
[1. 965+ 015]
SINK LENGTH

MACHINE THESE

3 EDGES AFTER
ANODIZATION
26.00 -n m
[113]
IHKHEIG
1.00
6.35 [-118]
[.250]
3.00
12.00+0.38 [-118]
[5474.015]
BASE WIDTH

[

000]
10,00
[384]
1950
|- 768]
3050
[1.201]
40,00
11,575

2X 440 F 6.5

Figure 42. EVM Heatsink

This size heat sink has shown to be sufficient for continuous output power. The crest factor of music and having
airflow will lower the requirement for the heat sink size and smaller types can be used.
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11 Device and Documentation Support

11.1 Related Links

The table below lists guick access links. Categories include technical documents, support and community

resources, tools and software, and guick access to sample or buy.

Table 7. Related Links

PARTS PRODUCT FOLDER |  ORDER NOW et o i
TRAI116D2 Click hare Click hera Click hare Click here Click here
TBA3I118D2 Cliek hare Click hera Click hare Cliek hare Cliek here
TPA3130D2 Click hara Click hera Click hara Click hara Click hera

11.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates — go to the product folder for your device on ti.com. In the
upper right-hand corner, click the Alert me button to register and receive a weekly digest of product information
that has changed (if any). For change details, check the revision history of any revised document.

11.3 Community Resources

The following links connect to Tl community rescurces. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see Tl's Terms of
Use.

TI E2ZE™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At eZe.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support T!'s Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.4 Trademarks
EZ2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.5 Electrostatic Discharge Caution

This integrated circull can be damaged by ESD. Texas Instruments recommends thal all integrated drouits be handled with
‘ appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuils may be more
suscaplible lo damage because very small paramelric changes could cause the device nol 1o meel ils published specifications.
11.6 Glossary

SLYZ022 — T Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package EcoPlan Lead finish/ MEL Peak Temp  Op Teamp (*C) Device Marking Samples
) Drawing City 1 Ball material i M%)
il

TPAIT1BDZ0AD ACTIVE HTSS0P DCAD a2 48 RoHS & Green MIPTIAL Lerved-3-260C- 168 HR =401 in A5 TPA

3118

oz
TPAITBDZDADR ACTIVE HTSS0P DCAD 32 2000 RoHS & Green MIPTIAL Lerved-3-260C- 168 HR =401 in A5 TPA

3118

oz
TRAIT1BDZDAP ACTIVE HTSSOP DAF a2 48  RoMS & Green HIPTAL Layved-3-250C-168 HR -40 i 85 TPAIIE
TPAZ11E02DAPR ACTIVE HTSS0OP DAP 32 2000 RoHS & Green HIPDAL Laved-3-250C-168 HR -401c 85 TPAITIE
TRAIIODZDAP ACTIVE HTSSOP DAF a2 48  RoMS & Green HIPTAL Layved-3-250C-168 HR -40 i 85 TPAIID
TPAZ1I0D2DAPR ACTIVE HTSS0OP DAP 32 2000 RoHS & Green HIPDAL Laved-3-250C-168 HR -401c 85 TPAI1ID

" The markeling staius values are defined as folows:

ACTIVE: Produc device recommanded for new designs.

LIFEBUY: Tl ha= announcad thal the device will be decontinued, and a [detime-buy pariod is in eflect.

MRND: Mod recommended far new designs. Davics is in preduction to suppor existing customers, bul Tl dees nal resammend wsing tis part in a new design.
PREWIEW: Durvice has besn announced but is nol in production. Samples may or may nol be available.

OBS0LETE: Tl has disconlinued the production of the dewvice.

1% RoMS: T defines "RaHS" 1o mean semicsndusion praducts that ane compliant with the curmant EL RoHE requirements foe all 10 RoHS substances, including the requirement thal RoHS subsiance
do nol exceed 0.1% by weight in homogeneaus maberaks. Where designed to be saldered at high temperatures, "RoH3" products are suitable for use in specified lead-free processes. Tl may
refarencs thess lypes of praducts as “Phb-Free™.

RoHS Exempt: Tl defines "RoHS Exempl” 1o mean products thal contain lead bul are compliant with EU RoHE pursuant b @ specific EL) RoHE axemplion.

Green: T defings "Green® b mean the content of Chionineg (C1] and Bromine (Br) based flame retardants messt JST09B low halogen reguirements of <=1000ppm threshald. Animeny Inoxide based
flame retardants must also mest the <=1000ppm threshold requirement.

= msL, Peak Temp. = The Maisiure Sensilivity Level rafing according o the JEDEC industry standard classifications, and peak salder iemperature.
) There may be additional marking, which relales to the koga, the kol trace code infarmation, or the emdronmantal calegory on the device.

L Multiphs Duevice Markings will be inside parertheses. Only ane Daviee Marking cantained in pareriheses and separaled by a ™" will appear an a dewice. If a line isindenlsd then it is & conlinuation
of the previous Ine and the twa combined represent the entire Device Marking for thal device.
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1% | g finish/Ball malerial - Ordarable Devicas mary have muBiple material finish options. Finish oplions are separatad by a vertical ruled line. Lead finish/Ball material values may wrap 1o wo
liness if the finish value excesds the maximum column widlh,

Important Infermation and Disclaimer:The information prosided on this page represants TI's knasledge and baliel as of the date that it is provided. Tl bases its knowledge and belief on infarmation
provided by third parties, and makes no representation or waranly as & the scouracy of such information. Eforts are undaraay ba better integrale information from third parties. Tl bas taken and
continues Io lake reasonabile steps o provide representalive and accurale nformation bul may nol hase conducted destructive testing ar chemical analysis an ncoming matenalks and chemicals.
Tl and Tl suppliers corsider cestain irformation to be proprietary, and thes CAS numbers and olher mited infarmation may not be avalable for release.

Inn na everd shall TS liabilty arising ot of such infarmation exceed the tolal purchase price of the Tl part{s) a1 issue in this dosument sold by T to Custamer on an anrual basis.
OTHER QUALIFIED VERSIONS OF TPAI11802, TPASI1802

& Aulomodive: TPAZ1602-01, TRAST1802-01

MOTE: Qualified Version Definitians:
& Aulomotive - 2100 devices qualfied for high-reliability aulomalive applicalions tageting zero defecls
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PACKAGE MATERIALS INFORMATION

21-Jan-2021

TAPE AND REEL INFORMATION
REEL DIMENSIONS

Reel
Diameter

TAPE DIMENSIONS

- |-|- K0 -1—P1—|-|

Gle o pedds

L
Cavity l'l AD

Dimansion designed o accommaodata the componeant width

B0

Dimansion designed fo accommodata the componant length

KO

Dimension designed to accommodate the component thickness

W

Owerall wadth of the carrier tape

P1

Pitch between successive cavity centers

t Reel Width {W1)

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

)

=)

O

IS
o

OO0 000 0= Sprocket Holes

| 1
T T
a1 : Q2 a1 : Q2
l T 1
Q3 | Q4 Q31 Q4 User Direction of Feed
|_w A |
T . T
., =
Pocket Quadrants
*#ll dimensions are nominal
Device Package [Package | Pins | SPQ Reel Real Al BO KO P1 w Pin1

Type |Drawing

Diameter| Width | {mm) | (mm) | {mm) | (mm) | (mm) [Quadrant
{mm) |W1 {mm)

TPAIN1EDZDADR HTSSOF| DaD

2000 3300 244 BE | 115 | 1.6 | 120 | 240 s}

TPAZ118D2DAFR HTSSOF| DAP

2000 3300 4.4 BE | 115 | 1.6 [ 120 | 240 a1

TPAZ13002DAFPR HTSSOF| DAP

BEE

2000 3300 4.4 BE | 115 | 1.6 [ 120 | 240 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
-
- S -
*&ll dimensions are nominal
Davice Package Type |Package Drawing| Pins 5PQ Length (mm) | Width (mm) | Height {mm)
TRA3116D2DADR HTSS0OP DaD 32 2000 350.0 3500 43.0
TPA3118D2DAFPR HTSSOP DaP 32 2000 350.0 3500 43.0
TPA3130D2DAPR HTSSOP DAP 32 2000 350.0 3500 430
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GENERIC PACKAGE VIEW
DAD 32 PowerPAD™ TSSOP - 1.2 mm max height

FLASTIC SMALL QUTLINE

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE
DADO0032A PowerPAD ™TSSOP - 1.15 mm max height

PLASTIC SMALL OUTLINE

g-g e | SEATING PLANE—._

[A] —PIN 11D AREA [ [oA]C]
o)
I — =z —
— == —{
— — _|-—EXPOSED
— - / THERMAL PAD
— l__,tl 1
1.1 i"’/ 4.95
— —
10.9 32 gy
MOTE3 [ —
875
— —
— —
— —
| — 1
— —
— —
16— +— =+—_ 1
17 T L)
0.30 -
- 4.1 -~ AL
331 EAEIEESIES)
Bl 48—
6.0
E - N.
A L — (0.15) TYP
'\ :'L‘r L _.I J Loy :::

AN | )
SEE DETAIL A _ 115
GAGE PLANE g E— :
P ——-=d

DETAIL A
TYPICAL

4223646/8 022020

PowerPAD is a trademark of Texas Instruments.
MOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME 14 5M.

2. This drawing is subject to change without notice.

3. This dimension does not include meld flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
excead 0.15 mm per side.

4. Reference JEDEC registration MO-153.
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EXAMPLE BOARD LAYOUT
DADO0032A PowerPAD ™TSSOP - 1.15 mm max height

PLASTIC SMALL OUTLINE

32X (15)

EE DETAILS
1 SYMM
32

1
32X (0.45) %

1
e
30X {0.65) 1

SY MM
————————— f——-—-— == -—
(ro.0s) Tve — | i
% I
% I
w1 ) | 17
]
!—- (7.5) |
LAND PATTERN EXAMPLE
SCALEBX
SOLDER MASK—, P SOLDER MASK ETAL UNDER
OPENING \\_\ £ METAL DF"ENING\ SOLDER MASK
| 1
—-|L— 0.05 MAX —-'“‘— 0.05 MIN
AROUND AROUND
NOM SOLDER MASK SOLDER MASK

DEFIMED DEFINED

SOLDER MASK DETAILS
MNOT TO SCALE

A222646/8 022020

NOTES: {continued)

5. Publication IPC-7351 may have alternate designs.
6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DADO0032A PowerPAD ™TSSOP - 1.15 mm max height

PLASTIC SMALL OUTLINE

a2% (1.5) SYMM

11
axoas ] 1

i

J—EIE

(RO.0S) TYR /%

SOLDER PASTE EXAMPLE
BASED OM 0.125 mm THICK STENCIL
SCALE:BX

422I646/8 022020

NOTES: (eontinuad)

7. Laser cutting apertures with trapezoidal walls and rounded comers may offer better paste releasa. IPC-7525 may have alternate
design recommendations.
8. Board assembly site may have different recommendations for stencil design.
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GENERIC PACKAGE VIEW
DAP 32 PowerPAD™ TSSOP - 1.2 mm max height

8.1 x 11, 0.65 mm pitch PLASTIC SMALL OUTLINE

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

42253034
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MECHANICAL DATA

DARF (R-PDSC-0G32) PowerFAD ™ P C OUTLINE PACKA
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THERMAL PAD MECHANICAL DATA

DAP (R—PDS0-G32) PowerPAD™ PLASTIC SMALL QUTLINE
THERMAL INFORMATION

This PowerPAD™ packoge incorporotes an exposed thermal pad thet is designed to be ottoched to o printed
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can
be used as o heatsink. In addition, through the use of thermal wios, the thermal pad can be attached
directly to the oppropriate copper plane shown in the electrical schematic for the device, or alternatively,
con be oftached to o specidl heatsink structure designed inte the PCB. This design optimizes the heat
transfer from the integroted circuit (IC).

For additienal information on the PowerPAD packoge and how to toke odvaontoge of its heat dissipating
abilities, refer to Technical Brief, FowerPAD Thermally Enhonced Pockoge, Texos Instruments Literature
No, SIMADO? ond Applicotion Brief, PowerPAD Mode Easy, Texos Instruments Literature No. _SLMADOA.
Both documents are ovailable ot www.ti.com.

The exposed thermal pad dimensions for this pockoge are shown in the fellowing illustration.

T REEREEETTYE:
B oo S = | =
EELEEEERTRELE

Exposed Thermal Pad Dimensions

4206319-3/M 09/13

NOTE: Al linear dimensions are in milimeters

PowerPAD |5 a trademark of Texas Instruments,
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LAND PATTERN DATA

DAP (R—PDS0O-G32)

PowerPAD™ PLASTIC SMALL OUTLINE PACKAGE

Example Board Layout
Vio pottern and copper pod size
may vary depending on loyout constraints

Stencil Dpenings
Based on a stencil thickness

of .127mm {.005inch).

JHJ&HH%

it

Soldermask Reference table below for other
11,0 OvEr cOpper solder stencll thicknesses
3 03—
e IR 7 SRR L st A
%/ /////////// A (See Note E) “-——q_________h Jzk’. 1,6
kel =] [+]
52 7 / 74 T4 Y +,11
. o Q o
w3t 7 %‘, C X J
1.3 x A | - L3 —-

T

Solder Mask

3 065 ——| |=—

|"—3E|H 0,65

Defined Fod

{See Note C, D)

Exomple Solder Mosk Opening
b
e Center Power Pad Solder Stencil Opening
,f,-’ Stencil Thickness X ¥
/ 0.07 —= 0.1mm 4.9 463
! ! 3
i Al Around 0.127mm 4.36 4.1
‘ 0.15Z2mm 3.99 2.76
| 0.178mm 3.68 3.47
\
1
"\_\. 0,5—-—- /
\ y
-\,\ ,_.j
--H"""--.__\_ __._,---"'"f
T 420013-2/E 0114
NOTES: A All linear dimensions ore in milimeters.
B. This drawing is subject to change without notice.
G, Custorners should place a note on the circuit board fobrication drawing not to alter the center solder mask defined pad,
0. This packdge is designed to be soldered to o thermal pad on the boord. Refer to Tachnical Brief, PowerPad
Thermally Enhanced Pockage, Texas Instruments Literature No. SLMADOZ, SLMAODY, and dlso the Product Daoto Sheets
for specific thermal information, via requiremants, and recommenden board layout. These documents are availohle of
www.ti.com <http: //www.ti.com> Publication IPC-7351 is recommended for alternote designs.
E.  Laser cutting apertures with trapezoidal walls and also reunding corners will offer better poste release. Customers should
contdet their boord ossembly site for stencll design recommendations. Refer to IPC-7323 for other stencil recommendations.
F. Contoct the boord fabrication site for recommended soldermask toleronces.
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PACKAGE OUTLINE

DAP0032C PowerPAD™ TSSOP - 1.2 mm max height
PLASTIC SMALL OUTLINE
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NOTES — f‘}éETD;? 0.05
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4223691/A 052017

MOTES:

per ASME Y 14.5M.
. This drawing is subject to change without notics.

exceed 0.15 mm per side.
. Reference JEDEC registration MO-153.
. Features may differ and may not be present.

[0 = L

PowerPAD is a trademark of Texas Instrumants.

Al limear dimensions are in millimeters. Any dimenslons in parenthesis are for reference only. Dimensioning and tolerancing

. This dimension does not include mold flash, protrugions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

- -
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EXAMPLE BOARD LAYOUT

DAP0032C PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

(3.2)
NOTE 8 OLDER MASK
(3.04) —n] DEFINED PAD
3H(15
.5 SE"M /—SEE DETAILS

32X (0.45)

—
(=]

HH

- =
11
S‘Q'E__C_IZJ_____;,__W___ L vy NOTES
% : (1.2 TYP)
__:L--" Lo
(#0.2) TYP — |
== i
(RO.05) TYP — E] i
1

b

4
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METAL COVERED—

BY SOLDER MASK (D.65) TYP

(1.3) TYP

bz
1
-

— - — A
Y

(7.5)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE:BX
SOLDER MAS —METAL UNDER
g?;ﬁ?,ﬁﬁms‘ﬁ /T METAL OPENING /" SOLDER MASK
- ____f__ |
EXPOSED METAL— | EXPOSED METAL——7—
D 05 MAX *l 0.05 MIM
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS
NOT TO SCALE
4223691/4 05/2017

NOTES: {continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

8. Thiz package is designed to be solderad to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMAG0Z (www ti.comlitsimaliz) and SLMADDS (www.ti_comflitzima00g).

9. Size of metal pad may vary due to creepage reguirement.
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DAP0032C

EXAMPLE STENCIL DESIGN
PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

32% (1.5)

o (3.0 —m
BASED ON
0.125 THICK
STENCIL

B N

l

11 . i
- | =
== R IR ==
— == | 1
30X (0.65) — [ i i ) W
! i
5‘&"""‘_ N +| N BAEE?EE]I:JN
- ! 0.125 THICK
! STENCIL

1
METAL CCN'ERED—"i’
BY SOLDER MASK 1

HHEHAR

!
£
!

——SEE TABLE FOR
DIFFERENT OFENINGS
FOR OTHER STENCIL
THICKMNESSES

-
-4

L

SOLDER PASTE EXAMPLE
EXPOSED PAD

100% PRINTED SOLDER COVERAGE BY AREA

SCALE:8X

STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 340X 418
0,125 3.04 X 3.74 (SHOWN)
0.5 278 X341
0.175 257 X316

4223681/A 052017

NOTES: (continued)

10. Laser cutting apertures with trapezoidal walls and rounded comers may offer better paste release. IPC-7525 may have alternate

design recommendations.

11. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS 15"
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITHESS FOR A PARTICULAR PURPOSE OR NOM-INFRINGEMENT OF THIRD
FARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
Tl preducts for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, securily, or other requirements. These resources are subject to change without notice. Tl grants you
parmission 1o usa these resources only Tor developmant of an application thal uses the Tl products described in the resource. Othar
reproduction and display of these resources is prohibiled. No license is granted 1o any other Tl intellectual property right or 1o any third party
intellectual property right. Tl disclaims respansibility for, and you will fully indemnify Tl and its representatives against, any claims, damages,
costs, losses. and liabilities arising out of your use of these resources.

Tl's products are provided subject to Tl's Terms of Sale (hilpswwa li.com/legalflermsofsale html) or other applicable terms available either
on ti.com or provided in conjunclion with such Tl products. TI's provision of these rescurces does not expand or otherwise alter Tl's
applicable warranties or warranly disclaimers for Tl products.

Mailing Address: Texas Instruments, Past Office Box 655303, Dallas, Texas 75265
Copynght @ 2021, Texas Instruments Incorparated



