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参参考考資資料料

TLV320DAC3203 ヘヘッッドドホホンン・・アアンンププをを内内蔵蔵ししたた超超低低消消費費電電力力ののスステテレレ
オオ・・オオーーデディィオオ・・ココーーデデッックク

1

1 特特長長
1• SNR 100dBのステレオ・オーディオDAC
• 4.1mW のステレオ48ksps再生
• PowerTune™
• 広範な信号処理オプション
• Stereo Headphone Outputs
• 低消費電力のアナログ・バイパス・モード
• PLLをプログラム可能
• LDOを内蔵
• 4mm × 4mmのVQFNおよび2.7mm × 2.7mm

のDSGBAパッケージ

2 アアププリリケケーーシショョンン
• モバイル・ハンドセット
• 通信
• ポータブル・コンピュータ

3 概概要要
TLV320DAC3203（DAC3203とも呼びます）は柔軟性が

高い低消費電力、低電圧のステレオ・オーディオ・コー

デックであり、プログラム可能な出力、PowerTune機能、

定義済み（固定）またはパラメータ設定可能（可変）の信号

処理ブロック、内蔵PLL、内蔵LDO、柔軟なデジタル・イン

ターフェイスを備えています。電力、入力/出力チャネル構

成、ゲイン、エフェクト、ピン多重化およびクロックをレジス

タで広範に制御可能なため、アプリケーションに合わせて

デバイスをぴったりと適合させることができます。

このデバイスは、4mm × 4mmのVQFNおよび2.7mm ×
2.7mmのDSGBAパッケージで供給されます。

製製品品情情報報(1)

型型番番 パパッッケケーージジ 本本体体ササイイズズ（（公公称称））

TLV320DAC3203
VQFN (24) 4.00mm×4.00mm
DSBGA (25) 2.70mm×2.70mm

(1) 利用可能なすべてのパッケージについては、このデータシートの末
尾にある注文情報を参照してください。

spacer

ブブロロッックク概概略略図図

http://www-s.ti.com/sc/techlit/SLOS756.pdf
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http://www.tij.co.jp/product/jp/TLV320DAC3203?dcmp=dsproject&hqs=pf
http://www.tij.co.jp/product/jp/TLV320DAC3203?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.tij.co.jp/product/jp/TLV320DAC3203?dcmp=dsproject&hqs=td&#doctype2
http://www.tij.co.jp/product/jp/TLV320DAC3203?dcmp=dsproject&hqs=sw&#desKit
http://www.tij.co.jp/product/jp/TLV320DAC3203?dcmp=dsproject&hqs=support&#community
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Revision A (March 2017) かからら Revision B にに変変更更 Page

• Changed Description of pin 7 in the Pin Functions table ....................................................................................................... 4
• Changed TYPE and Description of pin 8 in the Pin Functions table...................................................................................... 4
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2012年年5月月発発行行ののももののかからら更更新新 Page

• 「特長」の「4mm × 4mmのQFNおよび2.7mm × 2.7mmのWCSPパッケージ」を「4mm × 4 mmのVQFNおよび2.7mm ×
2.7mmのDSGBAパッケージ」に変更 ........................................................................................................................................ 1

• 「製品情報」表、「ピン構成および機能」セクション、「ESD定格」表、「熱に関する情報」表、「詳細説明」セクション、「アプリケー
ションと実装」セクション、「デバイスおよびドキュメントのサポート」セクション、「メカニカル、パッケージ、および注文情報」セク
ションを追加 ............................................................................................................................................................................. 1

• Corrected the pin names of the RGE Package image ........................................................................................................... 3
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5 Pin Configuration and Functions

YZK Package
25 Pin DSBGA

Top View
RGE Package
24 Pin VQFN

Top View

Pin Functions
PIN

NAME TYPE DESCRIPTIONQFN PIN WCSP
BALL

1 A1 MCLK I Master Clock Input

2 B2 BCLK IO Audio serial data bus (primary) bit clock

3 B3 WCLK IO Audio serial data bus (primary) word clock

4 A2 DIN/MFP1 I Primary function

Audio serial data bus data input

Secondary function

Digital Microphone Input
General Purpose Input

5 A3 DOUT/MFP2 O Primary

Audio serial data bus data output

Secondary

General Purpose Output
Clock Output
INT1 Output
INT2 Output
Audio serial data bus (secondary) bit clock output
Audio serial data bus (secondary) word clock output

http://www.ti.com/product/tlv320dac3203?qgpn=tlv320dac3203
http://www.ti.com
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Pin Functions (continued)
PIN

NAME TYPE DESCRIPTIONQFN PIN WCSP
BALL

6 A5 DMDIN/
MFP3/

I Primary (SPI_Select = 1)

SPI serial clock

Secondary: (SPI_Select = 0)

Digital microphone input
Headset detect input
Audio serial data bus (secondary) bit clock input
Audio serial data bus (secondary) DAC/common word clock input
Audio serial data bus (secondary) ADC word clock input
Audio serial data bus (secondary) data input
General Purpose Input

7 A4 SCL/
SS

I Multi-function digital input.
For (SPI_SELECT=0): Clock Pin for I2C control bus.
For (SPI_SELECT = 1): SPI chip selection pin.

8 B4 SDA/ MOSI I/O Multi-function digital pin.
For (SPI_SELECT=0): Data Pin for I2C control bus.
For (SPI_SELECT = 1): SPI data input.

9 B5 DMCLK/
MFP4

O Primary (SPI_Select = 1)

Serial data output

Secondary (SPI_Select = 0) Multifunction pin #4 (MFP4) options are only available using I2C

Digital microphone clock output
General purpose output
CLKOUT output
INT1 output
INT2 output
Audio serial data bus (primary) ADC word clock output
Audio serial data bus (secondary) data output
Audio serial data bus (secondary) bit clock output
Audio serial data bus (secondary) word clock output

10 C5 HPR O Right high-power output driver

11 D5 LDOin Power LDO Input supply and Headphone Power supply 1.9V– 3.6V

12 D4 HPL O Left high power output driver

13 D3 AVdd Power Analog voltage supply 1.5V–1.95V
Input when A-LDO disabled,
Filtering output when A-LDO enabled

14 E4 AVss Ground Analog ground supply

15 E5 INL I Left Analog Bypass Input

16 E3 INR I Right Analog Bypass Input

17 E2 REF O Reference voltage output for filtering

18 D2 MICBIAS O Microphone bias voltage output

19 E1 SPI_ SELECT I Control mode select pin ( 1 = SPI, 0 = I2C )

20 C2 RESET I Reset (active low)

21 D1 DVss Ground Digital Ground and Chip-substrate

22 C1 DVdd Power Digital voltage supply 1.26V–1.95V

23 B1 IOVss Ground I/O ground supply

24 C3 IOVdd Power I/O voltage supply 1.1V – 3.6V

n/a C4 GPIO/MFP5 I/O Primary

General Purpose digital IO

Secondary

CLKOUT Output
INT1 Output
INT2 Output
Audio serial data bus ADC word clock output
Audio serial data bus (secondary) bit clock output
Audio serial data bus (secondary) word clock output
Digital microphone clock output

http://www.ti.com/product/tlv320dac3203?qgpn=tlv320dac3203
http://www.ti.com
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(1) 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.

6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) (1)

MIN MAX UNIT
AVdd to AVss –0.3 2.2 V
DVdd to DVss –0.3 2.2 V
IOVDD to IOVSS –0.3 3.9 V
LDOIN to AVss –0.3 3.9 V
Digital Input voltage –0.3 IOVDD + 0.3 V
Analog input voltage –0.3 AVdd + 0.3 V
Operating temperature range –40 85 °C
Storage temperature range –55 125 °C
Junction temperature (TJ Max) 105 °C

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. .
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.2 ESD Ratings
VALUE UNIT

V(ESD)
Electrostatic
discharge

Human-body model (HBM), YZK, per ANSI/ESDA/JEDEC JS-001 (1) ±2000
V

Human-body model (HBM), RGE, per ANSI/ESDA/JEDEC JS-001 (1) ±2500
Charged-device model (CDM), YZK, per JEDEC specification JESD22-C101 (2) ±1000

V
Charged-device model (CDM), RGE, per JEDEC specification JESD22-C101 (2) ±1500

(1) Minimum spec applies if LDO is used. Minimum is 1.5V if LDO is not enabled. Using the LDO below 1.9V degrades LDO performance.
(2) All grounds on board are tied together, so they should not differ in voltage by more than 0.2V max, for any combination of ground

signals.
(3) At DVdd values lower than 1.65V, the PLL does not function. Please see table in SLAU434, Maximum TLV320DAC3203 Clock

Frequencies for details on maximum clock frequencies.

6.3 Recommended Operating Conditions
MIN NOM MAX UNIT

LDOIN (1)

Power Supply Voltage Range

Referenced to AVss (2) 1.9 3.6

V

AVdd 1.5 1.8 1.95

IOVDD Referenced to IOVSS (2) 1.1 3.6

DVdd
Referenced to DVss (2) 1.65 1.8 1.95

DVdd (3) 1.26 1.8 1.95

PLL Input Frequency

Clock divider uses fractional divide
(D > 0), P=1, DVdd ≥ 1.65V (See table in SLAU434, Maximum
TLV320DAC3203 Clock Frequencies)

10 20 MHz

Clock divider uses integer divide
(D = 0), P=1, DVdd ≥ 1.65V (Refer to table in SLAU434,
Maximum TLV320DAC3203 Clock Frequencies)

0.512 20 MHz

MCLK Master Clock Frequency MCLK; Master Clock Frequency; DVdd ≥ 1.65V 50 MHz

SCL SCL Clock Frequency 400 kHz

HPL, HPR
Stereo headphone output load resistance Single-ended configuration 14.4 16 Ω

Headphone output load resistance Differential configuration 24.4 32 Ω

CLout Digital output load capacitance 10 pF

Cref Reference decoupling capacitor 1 µF

http://www.ti.com/product/tlv320dac3203?qgpn=tlv320dac3203
http://www.ti.com
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(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

6.4 Thermal Information

THERMAL METRIC (1)
TLV320DAC3203

UNITYZK (DSBGA) RGE (VQFN)
25 PINS 24 PINS

RθJA Junction-to-ambient thermal resistance 57.6 34.6 °C/W
RθJC(top) Junction-to-case (top) thermal resistance 0.3 26.6 °C/W
RθJB Junction-to-board thermal resistance 13.7 12.5 °C/W
ψJT Junction-to-top characterization parameter 0.1 0.3 °C/W
ψJB Junction-to-board characterization parameter 13.7 12.4 °C/W
RθJC(bot) Junction-to-case (bottom) thermal resistance n/a 2.2 °C/W

(1) All performance measurements done with 20-kHz low-pass filter and, where noted, A-weighted filter. Failure to use such a filter may
result in higher THD+N and lower SNR and dynamic range readings than shown in the Electrical Characteristics. The low-pass filter
removes out-of-band noise, which, although not audible, may affect dynamic specification values

6.5 Electrical Characteristics, Bypass Outputs
At 25°C, AVdd, DVdd, IOVDD = 1.8V, LDO_in = 1.8V, AVdd LDO disabled, fs (Audio) = 48kHz, Cref = 10μF on REF PIN, PLL
disabled unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ANALOG BYPASS TO HEADPHONE AMPLIFIER, DIRECT MODE

Device Setup

Load = 16Ω (single-ended), 50pF;
Input and Output CM = 0.9V;
Headphone Output on LDOIN Supply;
INL routed to HPL and INR routed to HPR;
Channel Gain = 0dB

Gain Error ±0.4 dB

Noise, A-weighted (1) Idle Channel, INL and INR ac-shorted to
ground 3 μVRMS

THD Total Harmonic Distortion 446mVrms, 1-kHz input signal –82 dB

6.6 Electrical Characteristics, Microphone Interface
At 25°C, AVdd, DVdd, IOVDD = 1.8V, LDO_in = 1.8V, AVdd LDO disabled, Cref = 10μF on REF PIN, PLL disabled unless
otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

MICROPHONE BIAS

Bias voltage

CM = 0.9V,
LDOin = 3.3V,
no load

Micbias Mode 0, Connect to AVdd or LDOin 1.25 V

Micbias Mode 1, Connect to LDOin 1.7 V

Micbias Mode 2, Connect to LDOin 2.5 V

Micbias Mode 3, Connect to AVdd AVdd V

Micbias Mode 3, Connect to LDOin LDOin V

CM = 0.75V,
LDOin = 3.3V

Micbias Mode 0, Connect to AVdd or LDOin 1.04 V

Micbias Mode 1, Connect to AVdd or LDOin 1.42 V

Micbias Mode 2, Connect to LDOin 2.08 V

Micbias Mode 3, Connect to AVdd AVdd V

Micbias Mode 3, Connect to LDOin LDOin V

Output Noise CM = 0.9V Micbias Mode 2, A-weighted, 20Hz to 20kHz
bandwidth, Current load = 0mA 10 μVRMS

Current Sourcing Micbias Mode 2, Connect to LDOin 3 mA

Inline Resistance
Micbias Mode 3, Connect to AVdd 160

Ω
Micbias Mode 3, Connect to LDOin 110

http://www.ti.com/product/tlv320dac3203?qgpn=tlv320dac3203
http://www.ti.com
http://www.ti.com/lit/pdf/spra953
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(1) Ratio of output level with 1-kHz full-scale sine wave input, to the output level with the inputs short circuited, measured A-weighted over a
20-Hz to 20-kHz bandwidth using an audio analyzer.

(2) All performance measurements done with 20-kHz low-pass filter and, where noted, A-weighted filter. Failure to use such a filter may
result in higher THD+N and lower SNR and dynamic range readings than shown in the Electrical Characteristics. The low-pass filter
removes out-of-band noise, which, although not audible, may affect dynamic specification values

6.7 Electrical Characteristics, Audio Outputs
At 25°C, AVdd, DVdd, IOVDD = 1.8V, LDO_in = 1.8V, AVdd LDO disabled, fs (Audio) = 48kHz, Cref = 10 μF on REF PIN,
PLL disabled unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Audio DAC – Stereo Single-Ended Headphone Output

Device Setup

Load = 16Ω (single-ended), 50pF
Headphone Output on AVdd Supply,
Input & Output CM = 0.9V, DOSR = 128,
MCLK = 256* fs, Channel Gain = 0dB
word length = 16 bits;
Processing Block = PRB_P1
Power Tune = PTM_P3

Full scale output voltage (0dB) 0.5 VRMS

SNR Signal-to-noise ratio, A-weighted (1) (2) All zeros fed to DAC input, modulator in
excited state

88 100 dB

DR Dynamic range, A-weighted (1) (2) –60dB 1kHz input full-scale signal, Word
Length = 20 bits, Power Tune = PTM_P4

99 dB

THD+N Total Harmonic Distortion plus Noise –3dB full-scale, 1-kHz input signal –80 –70 dB
DAC Gain Error 0dB, 1kHz input full scale signal ±0.1 dB
DAC Mute Attenuation Mute 127 dB
DAC channel separation –1dB, 1kHz signal, between left and right HP

out
92 dB

DAC PSRR
100mVpp, 1kHz signal applied to AVdd 70 dB
100mVpp, 217Hz signal applied to AVdd 75 dB

Power Delivered

RL=16Ω, Output Stage on AVdd = 1.8V
THDN < 1%, Input CM=0.9V,
Output CM=0.9V, Channel Gain = 2dB

13

mW
RL= 16Ω Output Stage on LDOIN = 3.3V,
THDN < 1% Input CM = 0.9V,
Output CM = 1.65V, Channel Gain = 8dB

47

Audio DAC – Stereo Single-Ended Headphone Output

Device Setup

Load = 16Ω (single-ended), 50pF,
Headphone Output on AVdd Supply,
Input and Output CM = 0.75V; AVdd = 1.5V,
DOSR = 128, MCLK = 256 x fs,
Channel Gain = –2dB, word length = 20-bits;
Processing Block = PRB_P1,
Power Tune = PTM_P4

Full scale output voltage (0dB) 0.375 VRMS

SNR Signal-to-noise ratio, A-weighted (1) (2) All zeros fed to DAC input, modulator in
excited state

99 dB

DR Dynamic range, A-weighted (1) (2) -60dB 1 kHz input full-scale signal 98 dB
THD+N Total Harmonic Distortion plus Noise –3dB full-scale, 1-kHz input signal –84 dB

http://www.ti.com/product/tlv320dac3203?qgpn=tlv320dac3203
http://www.ti.com
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Electrical Characteristics, Audio Outputs (continued)
At 25°C, AVdd, DVdd, IOVDD = 1.8V, LDO_in = 1.8V, AVdd LDO disabled, fs (Audio) = 48kHz, Cref = 10 μF on REF PIN,
PLL disabled unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Audio DAC – Mono Differential Headphone Output

Device Setup

Load = 32 Ω (differential), 50pF,
Headphone Output on LDOIN Supply
Input CM = 0.75V, Output CM = 1.5V,
AVdd=1.8V, LDOIN = 3.0V, DOSR = 128
MCLK = 256* fs, Channel (headphone driver)
Gain = 5dB for full scale output signal,
word length = 16-bits,
Processing Block = PRB_P1,
Power Tune = PTM_P3

Full scale output voltage (0dB) 1778 mVRMS

SNR Signal-to-noise ratio, A-weighted (1) (2) All zeros fed to DAC input, modulator in
excited state

101 dB

DR Dynamic range, A-weighted (1) (2) –60dB 1kHz input full-scale signal 98 dB
THD Total Harmonic Distortion –3dB full-scale, 1-kHz input signal –82 dB

Power Delivered

RL = 32Ω, Output Stage on LDOIN = 3.3V,
THDN < 1%, Input CM = 0.9V,
Output CM = 1.65V, Channel Gain = 8dB

125 mW

RL = 32Ω Output Stage on LDOIN = 3V,
THDN < 1% Input CM = 0.9V,
Output CM = 1.5V, Channel Gain = 8dB

103 mW

http://www.tij.co.jp/product/jp/tlv320dac3203?qgpn=tlv320dac3203
http://www.tij.co.jp
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6.8 Electrical Characteristics, LDO
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
LOW DROPOUT REGULATOR (AVdd)

Output Voltage

LDOMode = 1, LDOin > 1.95V,
IO = 15mA

1.63

VLDOMode = 0, LDOin > 2.0V,
IO = 15mA

1.68

LDOMode = 2, LDOin > 2.05V,
IO = 15mA

1.73

Output Voltage Accuracy ±2%
Load Regulation Load current range 0 to 50mA 26 mV
Line Regulation Input Supply Range 1.9V to 3.6V 3 mV
Decoupling Capacitor 1 μF
Bias Current 50 μA

6.9 Electrical Characteristics, Misc.
At 25°C, AVdd, DVdd, IOVDD = 1.8V, LDO_in = 3.3V, AVdd LDO disabled, fs (Audio) = 48kHz, Cref = 10 μF on REF PIN,
PLL disabled unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

REFERENCE

Reference Voltage Settings
CMMode = 0 (0.9V) 0.9

V
CMMode = 1 (0.75V) 0.75

Reference Noise CM=0.9V, A-weighted, 20Hz to 20kHz bandwidth,
Cref = 10μF

1 μVRfcMS

Decoupling Capacitor 1 10 μF

Bias Current 120 µA

Shutdown Current

Device Setup Coarse AVdd supply turned off, LDO_select held at
ground, No external digital input is toggled

IDVdd 1.4

μA
IAVdd 1

ILDOin 1

IIOVDD <0.1

(1) Applies to all DI, DO, and DIO pins shown in .

6.10 Electrical Characteristics, Logic Levels (1)

At 25°C, AVDD, DVDD, IOVDD = 1.8V
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

LOGIC FAMILY CMOS

VIH Logic Level
IIH = 5 μA, IOVDD > 1.6V 0.7 × IOVDD V
IIH = 5μA, 1.2V ≤ IOVDD < 1.6V 0.9 × IOVDD V
IIH = 5μA, IOVDD < 1.2V IOVDD V

VIL

IIL = 5 μA, IOVDD > 1.6V –0.3 0.3 × IOVDD V
IIL = 5μA, 1.2V ≤ IOVDD < 1.6V 0.1 × IOVDD V
IIL = 5μA, IOVDD < 1.2V 0 V

VOH IOH = 2 TTL loads 0.8 × IOVDD V
VOL IOL = 2 TTL loads 0.1 × IOVDD V

Capacitive Load 10 pF

http://www.ti.com/product/tlv320dac3203?qgpn=tlv320dac3203
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6.11 Typical Timing Characteristics — Audio Data Serial Interface Timing (I2S)
All specifications at 25°C, DVdd = 1.8V

IOVDD=1.8V IOVDD=3.3V UNITS
MIN MAX MIN MAX

I2S/LJF/RJF Timing in Master Mode (see 図図 1)
td(WS) WCLK delay 30 20 ns
td (DO-WS) WCLK to DOUT delay (For LJF Mode only) 50 25 ns
td (DO-BCLK) BCLK to DOUT delay 50 25 ns
ts(DI) DIN setup 8 8 ns
th(DI) DIN hold 8 8 ns
tr Rise time 24 12 ns
tf Fall time 24 15 ns
I2S/LJF/RJF Timing in Slave Mode (see 図図 2)
tH (BCLK) BCLK high period 35 35 ns
tL (BCLK) BCLK low period 35 35 ns
ts (WS) WCLK setup 8 8 ns
th (WS) WCLK hold 8 8 ns
td (DO-WS) WCLK to DOUT delay (For LJF mode only) 50 25 ns
td (DO-BCLK) BCLK to DOUT delay 50 25 ns
ts(DI) DIN setup 8 8 ns
th(DI) DIN hold 8 8 ns
tr Rise time 4 4 ns
tf Fall time 4 4 ns

図図 1. I2S/LJF/RJF Timing in Master Mode

図図 2. I2S/LJF/RJF Timing in Slave Mode
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6.12 Typical DSP Timing Characteristics
All specifications at 25°C, DVdd = 1.8V

IOVDD=1.8V IOVDD=3.3V UNITS
MIN MAX MIN MAX

DSP Timing in Master Mode (see 図図 3)
td (WS) WCLK delay 30 20 ns
td (DO-BCLK) BCLK to DOUT delay 40 20 ns
ts(DI) DIN setup 8 8 ns
th(DI) DIN hold 8 8 ns
tr Rise time 24 12 ns
tf Fall time 24 12 ns
DSP Timing in Slave Mode (see 図図 4)
tH (BCLK) BCLK high period 35 35 ns
tL (BCLK) BCLK low period 35 35 ns
ts(WS) WCLK setup 8 8 ns
th(WS) WCLK hold 8 8 ns
td (DO-BCLK) BCLK to DOUT delay 40 22 ns
ts(DI) DIN setup 8 8 ns
th(DI) DIN hold 8 8 ns
tr Rise time 4 4 ns
tf Fall time 4 4 ns

図図 3. DSP Timing in Master Mode

図図 4. DSP Timing in Slave Mode
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6.13 I2C Interface Timing
Standard-Mode Fast-Mode UNITS
MIN TYP MAX MIN TYP MAX

fSCL SCL clock frequency 0 100 0 400 kHz
tHD;STA Hold time (repeated) START condition. After this period,

the first clock pulse is generated.
4.0 0.8 μs

tLOW LOW period of the SCL clock 4.7 1.3 μs
tHIGH HIGH period of the SCL clock 4.0 0.6 μs
tSU;STA Setup time for a repeated START condition 4.7 0.8 μs
tHD;DAT Data hold time: For I2C bus devices 0 3.45 0 0.9 μs
tSU;DAT Data set-up time 250 100 ns
tr SDA and SCL Rise Time 1000 20+0.1Cb 300 ns
tf SDA and SCL Fall Time 300 20+0.1Cb 300 ns
tSU;STO Set-up time for STOP condition 4.0 0.8 μs
tBUF Bus free time between a STOP and START condition 4.7 1.3 μs
Cb Capacitive load for each bus line 400 400 pF

図図 5. I2C Interface Timing
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6.14 SPI Interface Timing (See 図図 6)
All specifications at 25°C, DVdd = 1.8V

IOVDD=1.8V IOVDD=3.3V UNITS
MIN TYP MAX MIN TYP MAX

tsck SCLK Period 100 50 ns
tsckh SCLK Pulse width High 50 25 ns
tsckl SCLK Pulse width Low 50 25 ns
tlead Enable Lead Time 30 20 ns
tlag Enable Lag Time 30 20 ns
td;seqxfr Sequential Transfer Delay 40 20 ns
ta Slave DOUT access time 40 20 ns
tdis Slave DOUT disable time 40 25 ns
tsu DIN data setup time 15 10 ns
th;DIN DIN data hold time 15 10 ns
tv;DOUT DOUT data valid time 45 25 ns
tr SCLK Rise Time 4 4 ns
tf SCLK Fall Time 4 4 ns

図図 6. SPI Interface Timing Diagram
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6.15 Typical Characteristics

図図 7. Total Harmonic Distortion vs Headphone Output Power 図図 8. Total Harmonic Distortion vs Headphone Output Power

図図 9. Headphone SNR and SE Output Power vs Output
Common Mode Setting

図図 10. LDO Dropout Voltage vs Load Current

図図 11. LDO Load Response 図図 12. MICBIAS Mode 2, CM = 0.9 V, LDOIN OP Stage vs
MICBIAS Load Current
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6.15.1 Typical Characteristics, FFT

図図 13. DAC to Headphone FFT at -3 dBFS 図図 14. Analog Bypass to Headphone FFT at -3 dB Below
0.5 Vrms
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7 Detailed Description

7.1 Overview
Combined with the advanced PowerTune technology, the device can cover operations from 8kHz mono voice
playback to stereo 192kHz DAC playback, making it ideal for portable battery-powered audio and telephony
applications.

The playback path offers signal processing blocks for filtering and effects, true differential output signal, flexible
mixing of DAC and analog input signals as well as programmable volume controls. The TLV320DAC3203
contains two high-power output drivers which can be configured in multiple ways, including stereo and mono
BTL. The integrated PowerTune technology allows the device to be tuned to just the right power-performance
trade-off. Mobile applications frequently have multiple use cases requiring very low-power operation while being
used in a mobile environment. When used in a docked environment, power consumption typically is less of a
concern and lowest possible noise is more important. With PowerTune the TLV320DAC3203 can address both
cases.

The voltage supply range for the TLV320DAC3203 for analog is 1.5V–1.95V, and for digital it is 1.26V–1.95V. To
ease system-level design, a low-dropout regulator (LDO) is integrated to generate the appropriate analog supply
from input voltages ranging from 1.8V to 3.6V. Digital I/O voltages are supported in the range of 1.1V–3.6V.

The required internal clock of the TLV320DAC3203 can be derived from multiple sources, including the MCLK,
BCLK, GPIO pins or the output of internal PLL, where the input to the PLL again can be derived from the MCLK,
BCLK or GPIO pins. Although using the internal, fractional PLL ensures the availability of a suitable clock signal,
it is not recommended for the lowest power settings. The PLL is highly programmable and can accept available
input clocks in the range of 512kHz to 50MHz.

7.2 Functional Block Diagram

http://www.ti.com/product/tlv320dac3203?qgpn=tlv320dac3203
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(1) S(1): The MCLK pin can drive the PLL and Codec Clock inputs simultaneously.
(2) S(2): The BCLK pin can drive the PLL and Codec Clock and audio interface bit clock inputs simultaneously.
(3) S(3): The GPIO/MFP5 pin can drive the PLL and Codec Clock inputs simultaneously.
(4) D: Default Function
(5) E: The pin is exclusively used for this function, no other function can be implemented with the same pin. (If GPIO/MFP5 has been

allocated for General Purpose Output, it cannot be used as the INT1 output at the same time.)

7.3 Feature Description

7.3.1 Device Connections

7.3.1.1 Digital Pins
Only a small number of digital pins are dedicated to a single function; whenever possible, the digital pins have a
default function, and also can be reprogrammed to cover alternative functions for various applications.

The fixed-function pins are Reset and the SPI_Select pin, which are HW control pins. Depending on the state of
SPI_Select, the two control-bus pins SCL/SS and SDA/MOSI are configured for either I2C or SPI protocol.

Other digital IO pins can be configured for various functions via register control. An overview of available
functionality is given in Multifunction Pins.

7.3.1.1.1 Multifunction Pins

Table 1 shows the possible allocation of pins for specific functions. The PLL input, for example, can be
programmed to be any of 4 pins (MCLK, BCLK, DIN, GPIO).

Table 1. Multifunction Pin Assignments
1 2 3 4 5 6 7 8

Pin Function MCLK BCLK WCLK DIN
MFP1

DOUT
MFP2

MFP3/
SCLK

MFP4/
MISO

GPIO
MFP5

A PLL Input S (1) S (2) E S (3)

B Codec Clock Input S (1),D (4) S (2) S (3)

C I2S BCLK input S,D
D I2S BCLK output E (5)

E I2S WCLK input E, D
F I2S WCLK output E
G I2S ADC word clock input E E
H I2S ADC WCLK out E E
I I2S DIN E, D
J I2S DOUT E, D
K General Purpose Output I E
K General Purpose Output II E
K General Purpose Output III E
L General Purpose Input I E
L General Purpose Input II E
L General Purpose Input III E
M INT1 output E E E
N INT2 output E E E
Q Secondary I2S BCLK input E E
R Secondary I2S WCLK in E E
S Secondary I2S DIN E E
T Secondary I2S DOUT E
U Secondary I2S BCLK OUT E E E
V Secondary I2S WCLK OUT E E E
X Aux Clock Output E E E

http://www.ti.com/product/tlv320dac3203?qgpn=tlv320dac3203
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(1) If the device must be placed into 'mute' from the –6.0dB setting, set the device at a gain of –5.0dB first, then place the device into mute.

7.3.1.2 Analog Pins
Analog functions can also be configured to a large degree. For minimum power consumption, analog blocks are
powered down by default. The blocks can be powered up with fine granularity according to the application needs.

7.3.2 Analog Audio I/O
The analog I/O path of the TLV320DAC3203 offers a variety of options for signal conditioning and routing:
• 2 headphone amplifier outputs
• Analog gain setting
• Single ended and differential modes

7.3.2.1 Analog Low Power Bypass
The TLV320DAC3203 offers an analog-bypass mode. An analog signal can be routed from the analog input pin
to the output amplifier. Neither the digital-input processing blocks nor the DAC resources are required for such
operation; this supports low-power operation during analog-bypass mode.

In analog low-power bypass mode, line-level signals can be routed directly from the analog inputs INL to the left
headphone amplifier (HPL) and INR to HPR.

7.3.2.2 Headphone Outputs
The stereo headphone drivers on pins HPL and HPR can drive loads with impedances down to 16Ω in single-
ended AC-coupled headphone configurations, or loads down to 32Ω in differential mode, where a speaker is
connected between HPL and HPR. In single-ended drive configuration these drivers can drive up to 15mW
power into each headphone channel while operating from 1.8V analog supplies. While running from the AVdd
supply, the output common-mode of the headphone driver is set by the common-mode setting of analog inputs to
allow maximum utilization of the analog supply range while simultaneously providing a higher output-voltage
swing. In cases when higher output-voltage swing is required, the headphone amplifiers can run directly from the
higher supply voltage on LDOIN input (up to 3.6V). To use the higher supply voltage for higher output signal
swing, the output common-mode can be adjusted to either 1.25V, 1.5V or 1.65V. When the common-mode
voltage is configured at 1.65V and LDOIN supply is 3.3V, the headphones can each deliver up to 40mW power
into a 16Ω load.

The headphone drivers are capable of driving a mixed combination of DAC signal and bypass from analog input
INL and INR. The analog input signals can be attenuated up to 72dB before routing. The level of the DAC signal
can be controlled using the digital volume control of the DAC. To control the output-voltage swing of headphone
drivers, the digital volume control provides a range of –6.0dB to +29.0dB (1) in steps of 1dB. These level controls
are not meant to be used as dynamic volume control, but more to set output levels during initial device
configuration. Refer to for recommendations for using headphone volume control for achieving 0dB gain through
the DAC channel with various configurations.

7.3.3 Digital Microphone Inteface
The TLV320DAC3203 includes a stereo decimation filter for digital microphone inputs. The stereo recording path
can be powered up one channel at a time, to support the case where only mono record capability is required.

The digital microphone input path of the TLV320DAC3203 features a large set of options for signal conditioning
as well as signal routing:
• Stereo decimation filters (PDM input)
• Fine gain adjustment of digital channels with 0.1dB step size
• Digital volume control with a range of -12 to +20dB
• Mute function

In addition to the standard set of stereo decimation filter features the TLV320DAC3203 also offers the following
special functions:
• Channel-to-channel phase adjustment
• Adaptive filter mode

http://www.ti.com/product/tlv320dac3203?qgpn=tlv320dac3203
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(1) Default

7.3.3.1 ADC Processing Blocks — Overview
The TLV320DAC3203 includes a built-in digital decimation filter to process the oversampled data from the PDM
input to generate digital data at Nyquist sampling rate with high dynamic range. The decimation filter can be
chosen from three different types, depending on the required frequency response, group delay and sampling
rate.

7.3.3.1.1 Processing Blocks

The TLV320DAC3203 offers a range of processing blocks which implement various signal processing capabilities
along with decimation filtering. These processing blocks give users the choice of how much and what type of
signal processing they may use and which decimation filter is applied.

Table 2 gives an overview of the available processing blocks and their properties.

The signal processing blocks available are:
• First-order IIR
• Scalable number of biquad filters
• Variable-tap FIR filter

The processing blocks are tuned for common cases and can achieve high anti-alias filtering or low group delay in
combination with various signal processing effects such as audio effects and frequency shaping. The available
first order IIR, BiQuad and FIR filters have fully user-programmable coefficients. The Resource Class Column
(RC) gives an approximate indication of power consumption.

Table 2. Processing Blocks
Processing

Blocks
Channel Decimation

Filter
1st Order

IIR Available
Number
BiQuads

FIR Required
AOSR Value

Resource
Class

PRB_R1 (1) Stereo A Yes 0 No 128,64 6
PRB_R2 Stereo A Yes 5 No 128,64 8
PRB_R3 Stereo A Yes 0 25-Tap 128,64 8
PRB_R4 Right A Yes 0 No 128,64 3
PRB_R5 Right A Yes 5 No 128,64 4
PRB_R6 Right A Yes 0 25-Tap 128,64 4
PRB_R7 Stereo B Yes 0 No 64 3
PRB_R8 Stereo B Yes 3 No 64 4
PRB_R9 Stereo B Yes 0 20-Tap 64 4
PRB_R10 Right B Yes 0 No 64 2
PRB_R11 Right B Yes 3 No 64 2
PRB_R12 Right B Yes 0 20-Tap 64 2
PRB_R13 Stereo C Yes 0 No 32 3
PRB_R14 Stereo C Yes 5 No 32 4
PRB_R15 Stereo C Yes 0 25-Tap 32 4
PRB_R16 Right C Yes 0 No 32 2
PRB_R17 Right C Yes 5 No 32 2
PRB_R18 Right C Yes 0 25-Tap 32 2
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(1) Default

For more detailed information see the TLV320DAC3203 Application Reference Guide

7.3.4 DAC
The TLV320DAC3203 includes a stereo audio DAC supporting data rates from 8kHz to 192kHz. Each channel of
the stereo audio DAC consists of a signal-processing engine with fixed processing blocks, a digital interpolation
filter, multi-bit digital delta-sigma modulator, and an analog reconstruction filter. The DAC is designed to provide
enhanced performance at low sampling rates through increased oversampling and image filtering, thereby
keeping quantization noise generated within the delta-sigma modulator and signal images strongly suppressed
within the audio band to beyond 20kHz. To handle multiple input rates and optimize performance, the
TLV320DAC3203 allows the system designer to program the oversampling rates over a wide range from 1 to
1024. The system designer can choose higher oversampling ratios for lower input data rates and lower
oversampling ratios for higher input data rates.

The TLV320DAC3203 DAC channel includes a built-in digital interpolation filter to generate oversampled data for
the sigma-delta modulator. The interpolation filter can be chosen from three different types depending on
required frequency response, group delay and sampling rate.

The DAC path of the TLV320DAC3203 features many options for signal conditioning and signal routing:
• Digital volume control with a range of -63.5 to +24dB
• Mute function
• Dynamic range compression (DRC)

In addition to the standard set of DAC features the TLV320DAC3203 also offers the following special features:
• Built in sine wave generation (beep generator)
• Digital auto mute
• Adaptive filter mode

7.3.4.1 DAC Processing Blocks — Overview
The TLV320DAC3203 implements signal processing capabilities and interpolation filtering via processing blocks.
These fixed processing blocks give users the choice of how much and what type of signal processing they may
use and which interpolation filter is applied.

Table 3 gives an overview over all available processing blocks of the DAC channel and their properties.

The signal processing blocks available are:
• First-order IIR
• Scalable number of biquad filters
• 3D – Effect
• Beep Generator

The processing blocks are tuned for typical cases and can achieve high image rejection or low group delay in
combination with various signal processing effects such as audio effects and frequency shaping. The available
first-order IIR and biquad filters have fully user-programmable coefficients. The Resource Class Column (RC)
gives an approximate indication of power consumption.

Table 3. Overview – DAC Predefined Processing Blocks
Processing
Block No.

Interpolation
Filter

Channel 1st Order
IIR Available

Num. of
Biquads

DRC 3D Beep
Generator

Resource
Class

PRB_P1 (1) A Stereo No 3 No No No 8
PRB_P2 A Stereo Yes 6 Yes No No 12
PRB_P3 A Stereo Yes 6 No No No 10
PRB_P4 A Left No 3 No No No 4
PRB_P5 A Left Yes 6 Yes No No 6
PRB_P6 A Left Yes 6 No No No 6
PRB_P7 B Stereo Yes 0 No No No 6
PRB_P8 B Stereo No 4 Yes No No 8
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Table 3. Overview – DAC Predefined Processing Blocks (continued)
Processing
Block No.

Interpolation
Filter

Channel 1st Order
IIR Available

Num. of
Biquads

DRC 3D Beep
Generator

Resource
Class

PRB_P9 B Stereo No 4 No No No 8
PRB_P10 B Stereo Yes 6 Yes No No 10
PRB_P11 B Stereo Yes 6 No No No 8
PRB_P12 B Left Yes 0 No No No 3
PRB_P13 B Left No 4 Yes No No 4
PRB_P14 B Left No 4 No No No 4
PRB_P15 B Left Yes 6 Yes No No 6
PRB_P16 B Left Yes 6 No No No 4
PRB_P17 C Stereo Yes 0 No No No 3
PRB_P18 C Stereo Yes 4 Yes No No 6
PRB_P19 C Stereo Yes 4 No No No 4
PRB_P20 C Left Yes 0 No No No 2
PRB_P21 C Left Yes 4 Yes No No 3
PRB_P22 C Left Yes 4 No No No 2
PRB_P23 A Stereo No 2 No Yes No 8
PRB_P24 A Stereo Yes 5 Yes Yes No 12
PRB_P25 A Stereo Yes 5 Yes Yes Yes 12

For more detailed information see the TLV320DAC3203 Application Reference Guide.

7.3.5 Powertune
The TLV320DAC3203 features PowerTune, a mechanism to balance power-versus-performance trade-offs at the
time of device configuration. The device can be tuned to minimize power dissipation, to maximize performance,
or to an operating point between the two extremes to best fit the application.

For more detailed information see the TLV320DAC3203 Application Reference Guide.

7.3.6 Digital Audio I/O Interface
Audio data is transferred between the host processor and the TLV320DAC3203 via the digital audio data serial
interface, or audio bus. The audio bus on this device is very flexible, including left or right-justified data options,
support for I2S or PCM protocols, programmable data length options, a TDM mode for multichannel operation,
very flexible master/slave configurability for each bus clock line, and the ability to communicate with multiple
devices within a system directly.

The audio bus of the TLV320DAC3203 can be configured for left or right-justified, I2S, DSP, or TDM modes of
operation, where communication with standard PCM interfaces is supported within the TDM mode. These modes
are all MSB-first, with data width programmable as 16, 20, 24, or 32 bits by configuring Page 0, Register 27,
D(5:4). In addition, the word clock and bit clock can be independently configured in either Master or Slave mode,
for flexible connectivity to a wide variety of processors. The word clock is used to define the beginning of a
frame, and may be programmed as either a pulse or a square-wave signal. The frequency of this clock
corresponds to the DAC sampling frequency.

The bit clock is used to clock in and clock out the digital audio data across the serial bus. When in Master mode,
this signal can be programmed to generate variable clock pulses by controlling the bit-clock divider in Page 0,
Register 30. The number of bit-clock pulses in a frame may need adjustment to accommodate various word-
lengths as well as to support the case when multiple TLV320DAC3203s may share the same audio bus.

The TLV320DAC3203 also includes a feature to offset the position of start of data transfer with respect to the
word-clock. This offset can be controlled in terms of number of bit-clocks and can be programmed in Page 0,
Register 28.

The TLV320DAC3203 also has the feature of inverting the polarity of the bit-clock used for transferring the audio
data as compared to the default clock polarity used. This feature can be used independently of the mode of
audio interface chosen. This can be configured via Page 0, Register 29, D(3).
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The TLV320DAC3203 includes the programmability to program at what bit clock in a frame does audio data
begin. This enables time-division multiplexing (TDM), enabling use of multiple codecs on a single audio bus.
When the audio serial data bus is powered down while configured in master mode, the pins associated with the
interface are put into a hi-Z output condition.

By default when the word-clocks and bit-clocks are generated by the TLV320DAC3203, these clocks are active
only when the DAC is powered up within the device. This is done to save power. However, it also supports a
feature when both the word clocks and bit-clocks can be active even when the DAC in the device is powered
down. This is useful when using the TDM mode with multiple codecs on the same bus, or when word-clock or bit-
clocks are used in the system as general-purpose clocks.

7.3.7 Clock Generation and PLL
The TLV320DAC3203 supports a wide range of options for generating clocks for the DAC as well as interface
and other control blocks. The clocks for the DAC require a source reference clock. This clock can be provided on
a variety of device pins such as MCLK, BCLK, or GPIO pins. The CODEC_CLKIN can then be routed through
highly-flexible clock dividers to generate the various clocks required for the DAC sections. In the event that the
desired audio clocks cannot be generated from the reference clocks on MCLK, BCLK, or GPIO, the
TLV320DAC3203 also provides the option of using the on-chip PLL, which supports a wide range of fractional
multiplication values to generate the required clocks. Starting from CODEC_CLKIN the TLV320DAC3203
provides several programmable clock dividers to help achieve a variety of sampling rates for the DAC.

For more detailed information see the TLV320DAC3203 Application Reference Guide.

7.3.8 Control Interfaces
The TLV320DAC3203 control interface supports SPI or I2C communication protocols, with the protocol selectable
using the SPI_SELECT pin. For SPI, SPI_SELECT should be tied high; for I2C, SPI_SELECT should be tied low.
Changing the state of SPI_SELECT during device operation is not recommended.

7.3.8.1 I2C Control
The TLV320DAC3203 supports the I2C control protocol, and will respond to the I2C address of 0011000. I2C is a
two-wire, open-drain interface supporting multiple devices and masters on a single bus. Devices on the I2C bus
only drive the bus lines LOW by connecting them to ground; they never drive the bus lines HIGH. Instead, the
bus wires are pulled HIGH by pullup resistors, so the bus wires are HIGH when no device is driving them LOW.
This circuit prevents two devices from conflicting; if two devices drive the bus simultaneously, there is no driver
contention.

7.3.8.2 SPI Control
In the SPI control mode, the TLV320DAC3203 uses the pins SCL/SS as SS, SCLK as SCLK, MISO as MISO,
SDA/MOSI as MOSI; a standard SPI port with clock polarity setting of 0 (typical microprocessor SPI control bit
CPOL = 0). The SPI port allows full-duplex, synchronous, serial communication between a host processor (the
master) and peripheral devices (slaves). The SPI master (in this case, the host processor) generates the
synchronizing clock (driven onto SCLK) and initiates transmissions. The SPI slave devices (such as the
TLV320DAC3203) depend on a master to start and synchronize transmissions. A transmission begins when
initiated by an SPI master. The byte from the SPI master begins shifting in on the slave MOSI pin under the
control of the master serial clock (driven onto SCLK). As the byte shifts in on the MOSI pin, a byte shifts out on
the MISO pin to the master shift register.

For more detailed information see the TLV320DAC3203 Application Reference Guide.

7.4 Device Functional Modes
The following special functions are available to support advanced system requirements:
• Headset detection
• Interrupt generation
• Flexible pin multiplexing

For more detailed information see the TLV320DAC3203 Application Reference Guide.
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7.5 Register Maps

Table 4. Summary of Register Map
Decimal Hex DESCRIPTION

PAGE NO. REG. NO. PAGE NO. REG. NO.
0 0 0x00 0x00 Page Select Register
0 1 0x00 0x01 Software Reset Register
0 2 0x00 0x02 Reserved Register
0 3 0x00 0x03 Reserved Register
0 4 0x00 0x04 Clock Setting Register 1, Multiplexers
0 5 0x00 0x05 Clock Setting Register 2, PLL P&R Values
0 6 0x00 0x06 Clock Setting Register 3, PLL J Values
0 7 0x00 0x07 Clock Setting Register 4, PLL D Values (MSB)
0 8 0x00 0x08 Clock Setting Register 5, PLL D Values (LSB)
0 9-10 0x00 0x09-0x0A Reserved Register
0 11 0x00 0x0B Clock Setting Register 6, NDAC Values
0 12 0x00 0x0C Clock Setting Register 7, MDAC Values
0 13 0x00 0x0D DAC OSR Setting Register 1, MSB Value
0 14 0x00 0x0E DAC OSR Setting Register 2, LSB Value
0 15-17 0x00 0x0F-0x11 Reserved Register
0 18 0x00 0x12 Clock Setting Register 8, NADC Values
0 19 0x00 0x13 Clock Setting Register 9, MADC Values
0 20-24 0x00 0x14-0x18 Reserved Register
0 25 0x00 0x19 Clock Setting Register 10, Multiplexers
0 26 0x00 0x1A Clock Setting Register 11, CLKOUT M divider value
0 27 0x00 0x1B Audio Interface Setting Register 1
0 28 0x00 0x1C Audio Interface Setting Register 2, Data offset setting
0 29 0x00 0x1D Audio Interface Setting Register 3
0 30 0x00 0x1E Clock Setting Register 12, BCLK N Divider
0 31 0x00 0x1F Audio Interface Setting Register 4, Secondary Audio Interface
0 32 0x00 0x20 Audio Interface Setting Register 5
0 33 0x00 0x21 Audio Interface Setting Register 6
0 34 0x00 0x22 Digital Interface Misc. Setting Register
0 35-36 0x00 0x23-0x24 Reserved Register
0 37 0x00 0x25 DAC Flag Register 1
0 38 0x00 0x26 DAC Flag Register 2
0 39-41 0x00 0x27-0x29 Reserved Register
0 42 0x00 0x2A Sticky Flag Register 1
0 43 0x00 0x2B Interrupt Flag Register 1
0 44 0x00 0x2C Sticky Flag Register 2
0 45 0x00 0x2D Sticky Flag Register 3
0 46 0x00 0x2E Interrupt Flag Register 2
0 47 0x00 0x2F Interrupt Flag Register 3
0 48 0x00 0x30 INT1 Interrupt Control Register
0 49 0x00 0x31 INT2 Interrupt Control Register
0 50-51 0x00 0x32-0x33 Reserved Register
0 52 0x00 0x34 GPIO/MFP5 Control Register (YZK Package only)
0 53 0x00 0x35 MFP2 Function Control Register
0 54 0x00 0x36 DIN/MFP1 Function Control Register
0 55 0x00 0x37 MISO/MFP4 Function Control Register
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Register Maps (continued)
Table 4. Summary of Register Map (continued)

Decimal Hex DESCRIPTION
PAGE NO. REG. NO. PAGE NO. REG. NO.
0 56 0x00 0x38 SCLK/MFP3 Function Control Register
0 57-59 0x00 0x39-0x3B Reserved Registers
0 60 0x00 0x3C DAC Signal Processing Block Control Register
0 61-62 0x00 0x3D-0x3E Reserved Register
0 63 0x00 0x3F DAC Channel Setup Register 1
0 64 0x00 0x40 DAC Channel Setup Register 2
0 65 0x00 0x41 Left DAC Channel Digital Volume Control Register
0 66 0x00 0x42 Right DAC Channel Digital Volume Control Register
0 67 0x00 0x43 Headset Detection Configuration Register
0 68 0x00 0x44 DRC Control Register 1
0 69 0x00 0x45 DRC Control Register 2
0 70 0x00 0x46 DRC Control Register 3
0 71 0x00 0x47 Beep Generator Register 1
0 72 0x00 0x48 Beep Generator Register 2
0 73 0x00 0x49 Beep Generator Register 3
0 74 0x00 0x4A Beep Generator Register 4
0 75 0x00 0x4B Beep Generator Register 5
0 76 0x00 0x4C Beep Generator Register 6
0 77 0x00 0x4D Beep Generator Register 7
0 78 0x00 0x4E Beep Generator Register 8
0 79 0x00 0x4F Beep Generator Register 9
0 80-127 0x00 0x50-0x7F Reserved Register
1 0 0x01 0x00 Page Select Register
1 1 0x01 0x01 Power Configuration Register
1 2 0x01 0x02 LDO Control Register
1 3 0x01 0x03 Playback Configuration Register 1
1 4 0x01 0x04 Playback Configuration Register 2
1 5-8 0x01 0x05-0x08 Reserved Register
1 9 0x01 0x09 Output Driver Power Control Register
1 10 0x01 0x0A Common Mode Control Register
1 11 0x01 0x0B Over Current Protection Configuration Register
1 12 0x01 0x0C HPL Routing Selection Register
1 13 0x01 0x0D HPR Routing Selection Register
1 14-15 0x01 0x0E-0x0F Reserved Register
1 16 0x01 0x10 HPL Driver Gain Setting Register
1 17 0x01 0x11 HPR Driver Gain Setting Register
1 18-19 0x01 0x12-0x13 Reserved Register
1 20 0x01 0x14 Headphone Driver Startup Control Register
1 21 0x01 0x15 Reserved Register
1 22 0x01 0x16 INL to HPL Volume Control Register
1 23 0x01 0x17 INR to HPR Volume Control Register
1 24-50 0x01 0x18-0x32 Reserved Register
1 51 0x01 0x33 MICBIAS Configuration Register
1 52-57 0x01 0x34-0x39 Reserved Register
1 58 0x01 0x3A Analog Input Settings
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Register Maps (continued)
Table 4. Summary of Register Map (continued)

Decimal Hex DESCRIPTION
PAGE NO. REG. NO. PAGE NO. REG. NO.
1 59-62 0x01 0x3B-0x3E Reserved Register
1 63 0x01 0x3F DAC Analog Gain Control Flag Register
1 64-122 0x01 0x40-0x7A Reserved Register
1 123 0x01 0x7B Reference Power-up Configuration Register
1 124 0x01 0x7C Reserved Register
1 125 0x01 0x7D Offset Callibration Register
1 126-127 0x01 0x7E-0x7F Reserved Register
8 0-127 0x08 0x00-0x7F Reserved Register
9-16 0-127 0x09-0x10 0x00-0x7F Reserved Register
26-34 0-127 0x1A-0x22 0x00-0x7F Reserved Register
44 0 0x2C 0x00 Page Select Register
44 1 0x2C 0x01 DAC Adaptive Filter Configuration Register
44 2-7 0x2C 0x02-0x07 Reserved
44 8-127 0x2C 0x08-0x7F DAC Coefficients Buffer-A C(0:29)
45-52 0 0x2D-0x34 0x00 Page Select Register
45-52 1-7 0x2D-0x34 0x01-0x07 Reserved.
45-52 8-127 0x2D-0x34 0x08-0x7F DAC Coefficients Buffer-A C(30:255)
62-70 0 0x3E-0x46 0x00 Page Select Register
62-70 1-7 0x3E-0x46 0x01-0x07 Reserved.
62-70 8-127 0x3E-0x46 0x08-0x7F DAC Coefficients Buffer-B C(0:255)
80-114 0-127 0x50-0x72 0x00-0x7F Reserved Register
152-186 0-127 0x98-0xBA 0x00-0x7F Reserved Register
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8 Application and Implementation

注注
Information in the following applications sections is not part of the TI component
specification, and TI does not warrant its accuracy or completeness. TI’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
The TLV320DAC3203 offers a wide range of configuration options. shows the basic functional blocks of the
device.

8.2 Typical Application

図図 15. Typical Circuit Configuration

8.2.1 Design Requirements
For this design example, us the parameters in 表 5.

表表 5. Design Parameters
PARAMETER EXAMPLE VALUE

Audio input Digital Audio (I2S), Analog Audio INx
Speaker Single-Ended 16-Ω Differential 32-Ω

Internal LDO Enabled
Control interface I2C
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8.2.2 Detailed Design Procedure
In this application, the device is able to use both digital and analog inputs, routing this signal into the headphone
outputs.

The internal LDO is being used in this application. External 1.8-V supply is used to power LDOIN, DVDD and
IOVDD. AVDD is internally supplied by the LDO.

Decoupling capacitors should be used at all the supply lines. TI recommends using 0.1-µF and 10-µF capacitors
for a better system performance.

Decoupling series capacitors must be used at the analog input and headphone output. The headphone output
can be connected in single-ended mode with DC offset voltage while the decoupling series capacitor protects the
speaker form the DC voltage. In addition the headphone output can be connected in a mono differential mode.

All grounds are tied together; route analog and digital paths are separated to avoid interference.

8.2.3 Application Curves

図図 16. Total Harmonic Distortion vs Headphone Output
Power

図図 17. Total Harmonic Distortion vs Headphone Output
Power

9 Power Supply Recommendations
Device power consumption largely depends on PowerTune configuration. For information on device power
consumption, see the TLV320DAC3203 Application Reference Guide.
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10 Layout

10.1 Layout Guidelines
If the analog inputs are:
• Used, analog input traces must be routed symmetrically for true differential performance.
• Used, do not run analog input traces parallel to digital lines.
• Used, they must be AC-coupled.
• Not used, they must be grounded through a capacitor.

Use a ground plane with multiple vias for each terminal to create a low-impedance connection to GND for
minimum ground noise.

Use supply decoupling capacitors and place them as close as possible to the device.

10.2 Layout Example

図図 18. Layout Example
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11 デデババイイススおおよよびびドドキキュュメメンントトののササポポーートト

11.1 ドドキキュュメメンントトののササポポーートト

11.1.1 関関連連資資料料
関連資料については、以下を参照してください。

• 『TLV320DAC3203アプリケーション・リファレンス・ガイド』

11.2 ドドキキュュメメンントトのの更更新新通通知知をを受受けけ取取るる方方法法
ドキュメントの更新についての通知を受け取るには、ti.comのデバイス製品フォルダを開いてください。右上の「アラートを受
け取る」をクリックして登録すると、変更されたすべての製品情報に関するダイジェストを毎週受け取れます。変更の詳細に
ついては、修正されたドキュメントに含まれている改訂履歴をご覧ください。

11.3 ココミミュュニニテティィ・・リリソソーースス
The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute TI specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™オオンンラライインン・・ココミミュュニニテティィ TIののE2E（（Engineer-to-Engineer））ココミミュュニニテティィ。。エンジニア間の共同作
業を促進するために開設されたものです。e2e.ti.comでは、他のエンジニアに質問し、知識を共有
し、アイディアを検討して、問題解決に役立てることができます。

設設計計ササポポーートト TIのの設設計計ササポポーートト役に立つE2Eフォーラムや、設計サポート・ツールをすばやく見つけることが
できます。技術サポート用の連絡先情報も参照できます。

11.4 商商標標
PowerTune, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

11.5 静静電電気気放放電電にに関関すするる注注意意事事項項
すべての集積回路は、適切なESD保護方法を用いて、取扱いと保存を行うようにして下さい。

静電気放電はわずかな性能の低下から完全なデバイスの故障に至るまで、様々な損傷を与えます。高精度の集積回路は、損傷に対して敏感
であり、極めてわずかなパラメータの変化により、デバイスに規定された仕様に適合しなくなる場合があります。

11.6 Glossary
SLYZ022 — TI Glossary.

This glossary lists and explains terms, acronyms, and definitions.

12 メメカカニニカカルル、、パパッッケケーージジ、、おおよよびび注注文文情情報報
以降のページには、メカニカル、パッケージ、および注文に関する情報が記載されています。この情報は、そのデバイスに
ついて利用可能な最新のデータです。このデータは予告なく変更されることがあり、ドキュメントが改訂される場合もありま
す。本データシートのブラウザ版を使用されている場合は、画面左側の説明をご覧ください。
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PACKAGING INFORMATION

Orderable part number Status
(1)

Material type
(2)

Package | Pins Package qty | Carrier RoHS
(3)

Lead finish/
Ball material

(4)

MSL rating/
Peak reflow

(5)

Op temp (°C) Part marking
(6)

6PDAC3203IRGERG4.A Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 DAC
3203I

TLV320DAC3203IRGER Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU | NIPDAUAG Level-2-260C-1 YEAR -40 to 85 DAC
3203I

TLV320DAC3203IRGER.A Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 DAC
3203I

TLV320DAC3203IRGET Active Production VQFN (RGE) | 24 250 | SMALL T&R Yes NIPDAU | NIPDAUAG Level-2-260C-1 YEAR -40 to 85 DAC
3203I

TLV320DAC3203IRGET.A Active Production VQFN (RGE) | 24 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 DAC
3203I

TLV320DAC3203IYZKR Active Production DSBGA (YZK) | 25 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 85 DAC3203I

TLV320DAC3203IYZKR.A Active Production DSBGA (YZK) | 25 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 85 DAC3203I

TLV320DAC3203IYZKT Active Production DSBGA (YZK) | 25 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 85 DAC3203I

TLV320DAC3203IYZKT.A Active Production DSBGA (YZK) | 25 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 85 DAC3203I
 
(1) Status:  For more details on status, see our product life cycle.

 
(2) Material type:  When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

 
(3) RoHS values:  Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

 
(4) Lead finish/Ball material:  Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

 
(5) MSL rating/Peak reflow:  The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

 
(6) Part marking:  There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

 
Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.
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https://www.ti.com/product/TLV320DAC3203/part-details/TLV320DAC3203IRGER
https://www.ti.com/product/TLV320DAC3203/part-details/TLV320DAC3203IRGET
https://www.ti.com/product/TLV320DAC3203/part-details/TLV320DAC3203IYZKR
https://www.ti.com/product/TLV320DAC3203/part-details/TLV320DAC3203IYZKT
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088
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Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

 
In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis.
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PACKAGE MATERIALS INFORMATION

  

www.ti.com 15-Oct-2024

TAPE AND REEL INFORMATION

Reel Width (W1)

REEL DIMENSIONS

A0
B0
K0
W

Dimension designed to accommodate the component length
Dimension designed to accommodate the component thickness
Overall width of the carrier tape
Pitch between successive cavity centers

Dimension designed to accommodate the component width

TAPE DIMENSIONS

K0  P1

B0 W

A0Cavity

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

Pocket Quadrants

Sprocket Holes

Q1 Q1Q2 Q2

Q3 Q3Q4 Q4 User Direction of Feed

P1

Reel
Diameter

 
*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

TLV320DAC3203IRGER VQFN RGE 24 3000 330.0 12.4 4.25 4.25 1.15 8.0 12.0 Q2

TLV320DAC3203IRGER VQFN RGE 24 3000 330.0 12.4 4.25 4.25 1.15 8.0 12.0 Q2

TLV320DAC3203IRGET VQFN RGE 24 250 180.0 12.4 4.25 4.25 1.15 8.0 12.0 Q2

TLV320DAC3203IRGET VQFN RGE 24 250 180.0 12.4 4.25 4.25 1.15 8.0 12.0 Q2

TLV320DAC3203IYZKR DSBGA YZK 25 3000 180.0 8.4 2.75 2.75 0.81 4.0 8.0 Q1

TLV320DAC3203IYZKT DSBGA YZK 25 250 180.0 8.4 2.75 2.75 0.81 4.0 8.0 Q1
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PACKAGE MATERIALS INFORMATION

  

www.ti.com 15-Oct-2024

TAPE AND REEL BOX DIMENSIONS

Width (mm)

W L

H

 
*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

TLV320DAC3203IRGER VQFN RGE 24 3000 356.0 356.0 35.0

TLV320DAC3203IRGER VQFN RGE 24 3000 346.0 346.0 33.0

TLV320DAC3203IRGET VQFN RGE 24 250 210.0 185.0 35.0

TLV320DAC3203IRGET VQFN RGE 24 250 210.0 185.0 35.0

TLV320DAC3203IYZKR DSBGA YZK 25 3000 182.0 182.0 20.0

TLV320DAC3203IYZKT DSBGA YZK 25 250 182.0 182.0 20.0
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GENERIC PACKAGE VIEW

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

RGE 24 VQFN - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD

4204104/H



NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.

PACKAGE OUTLINE

www.ti.com

4219016 / A   08/2017

VQFN - 1 mm max height

PLASTIC QUAD FLATPACK- NO LEAD

RGE0024H 

A

0.08 C

0.1 C A B

0.05 C

B

SYMM

SYMM

4.1

3.9

4.1

3.9

PIN 1 INDEX AREA

1 MAX

0.05

0.00

SEATING PLANE

C

2X 2.5

    2.7±0.1

2X

2.5

20X 0.5

1

6

7

12

13

18

19

24

24X 

0.30

0.18

24X 

0.48

0.28

(0.2) TYP

PIN 1 ID

(OPTIONAL)

25



NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments

literature number SLUA271 (www.ti.com/lit/slua271).
5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

EXAMPLE BOARD LAYOUT

4219016 / A   08/2017

www.ti.com

VQFN - 1 mm max height

RGE0024H 

PLASTIC QUAD FLATPACK- NO LEAD

SYMM

SYMM

LAND PATTERN EXAMPLE

SCALE: 20X

2X

(1.1)

2X(1.1)

(3.825)

(3.825)

(    2.7)

1

6

7 12

13

18

1924

25

24X (0.58)

24X (0.24)

20X (0.5)

(R0.05)

(Ø0.2) VIA

TYP

SOLDER MASK DETAILS

NON SOLDER MASK

DEFINED

(PREFERRED)

SOLDER MASK

DEFINED

0.07 MAX

ALL AROUND

0.07 MIN

ALL AROUND

METAL

SOLDER MASK

OPENING

SOLDER MASK

OPENING

METAL UNDER

SOLDER MASK



NOTES: (continued)

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

design recommendations..

EXAMPLE STENCIL DESIGN

4219016 / A   08/2017
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VQFN - 1 mm max height

RGE0024H 

PLASTIC QUAD FLATPACK- NO LEAD

SYMM

SYMM

SOLDER PASTE EXAMPLE

BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD

78% PRINTED COVERAGE BY AREA

SCALE: 20X

(3.825)

(3.825)

(0.694)

TYP

(0.694)

TYP

4X (   1.188)

1

6

7
12

13

18

1924

24X (0.24)

24X (0.58)

20X (0.5)

(R0.05) TYP

METAL

TYP

25
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PACKAGE OUTLINE

C

SEE TERMINAL
DETAIL 24X 0.30

0.18

2.8 0.1

24X 0.5
0.3

1 MAX

(0.2) TYP

0.05
0.00

20X 0.5

2X
2.5

2X 2.5

A 4.1
3.9

B

4.1
3.9

0.30
0.18

0.5
0.3

4222437/A   12/2015

VQFN - 1 mm max heightRGE0024F
PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA

0.08

SEATING PLANE

1

6 13

18

7 12

24 19
(OPTIONAL)

PIN 1 ID 0.1 C A B
0.05

EXPOSED
THERMAL PAD

25

NOTES:
 
1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
    per ASME Y14.5M. 
2. This drawing is subject to change without notice. 
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
4. Reference JEDEC registration MO-220.

SCALE  3.300

DETAIL
OPTIONAL TERMINAL

TYPICAL
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EXAMPLE BOARD LAYOUT

0.05 MIN
ALL AROUND

0.05 MAX
ALL AROUND

24X (0.24)

24X (0.6)

( ) TYP
VIA

0.2

20X (0.5)
(3.8)

(3.8)

(1.15)
TYP

( 2.8)

(R )
ALL PAD CORNERS

0.05

4222437/A   12/2015

VQFN - 1 mm max heightRGE0024F
PLASTIC QUAD FLATPACK - NO LEAD

SYMM

1

6

7 12

13

18

1924

SYMM

LAND PATTERN EXAMPLE
SCALE:18X

25

NOTES: (continued)
 
5. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
    number SLUA271 (www.ti.com/lit/slua271).
6. Vias are optional depending on application, refer to device data sheet. If some or all are implemented, recommended via locations
    are shown.
 
 
 

SOLDER MASK
OPENING

METAL UNDER
SOLDER MASK

SOLDER MASK
DEFINED

METAL

SOLDER MASK
OPENING

SOLDER MASK DETAILS

NON SOLDER MASK
DEFINED

(PREFERRED)
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EXAMPLE STENCIL DESIGN

24X (0.6)

24X (0.24)

20X (0.5)

(3.8)

(3.8)

4X ( 1.23)

(0.715) TYP

(0.715) TYP
(R ) TYP0.05

4222437/A   12/2015

VQFN - 1 mm max heightRGE0024F
PLASTIC QUAD FLATPACK - NO LEAD

NOTES: (continued)
 
7. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
   design recommendations. 
 

25

SYMM

METAL
TYP

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

 
EXPOSED PAD 25:

77% PRINTED SOLDER COVERAGE BY AREA
SCALE:25X

SYMM

1

6

7 12

13

18

1924



D: Max = 

E: Max = 

2.67 mm, Min = 

2.67 mm, Min = 

2.61 mm

2.61 mm



重要なお知らせと免責事項
テキサス・インスツルメンツは、技術データと信頼性データ (データシートを含みます)、設計リソース (リファレンス デザインを含みま
す)、アプリケーションや設計に関する各種アドバイス、Web ツール、安全性情報、その他のリソースを、欠陥が存在する可能性のある
「現状のまま」提供しており、商品性および特定目的に対する適合性の黙示保証、第三者の知的財産権の非侵害保証を含むいかなる保証
も、明示的または黙示的にかかわらず拒否します。
これらのリソースは、 テキサス・インスツルメンツ製品を使用する設計の経験を積んだ開発者への提供を意図したものです。(1) お客様
のアプリケーションに適した テキサス・インスツルメンツ製品の選定、(2) お客様のアプリケーションの設計、検証、試験、(3) お客様の
アプリケーションに該当する各種規格や、その他のあらゆる安全性、セキュリティ、規制、または他の要件への確実な適合に関する責任
を、お客様のみが単独で負うものとします。
上記の各種リソースは、予告なく変更される可能性があります。これらのリソースは、リソースで説明されている テキサス・インスツル
メンツ製品を使用するアプリケーションの開発の目的でのみ、 テキサス・インスツルメンツはその使用をお客様に許諾します。これらの
リソースに関して、他の目的で複製することや掲載することは禁止されています。 テキサス・インスツルメンツや第三者の知的財産権の
ライセンスが付与されている訳ではありません。お客様は、これらのリソースを自身で使用した結果発生するあらゆる申し立て、損害、
費用、損失、責任について、 テキサス・インスツルメンツおよびその代理人を完全に補償するものとし、 テキサス・インスツルメンツは
一切の責任を拒否します。
テキサス・インスツルメンツの製品は、 テキサス・インスツルメンツの販売条件、または ti.com やかかる テキサス・インスツルメンツ
製品の関連資料などのいずれかを通じて提供する適用可能な条項の下で提供されています。 テキサス・インスツルメンツがこれらのリソ
ースを提供することは、適用される テキサス・インスツルメンツの保証または他の保証の放棄の拡大や変更を意味するものではありませ
ん。
お客様がいかなる追加条項または代替条項を提案した場合でも、 テキサス・インスツルメンツはそれらに異議を唱え、拒否します。
IMPORTANT NOTICE

郵送先住所：Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2025, Texas Instruments Incorporated

https://www.ti.com/ja-jp/legal/terms-conditions/terms-of-sale.html
https://www.ti.com
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