
CS4304S
高性能マルチチャンネル ・ オーディオDAC

特長

• 高性能4チャネルDAC
— 差動アナログ ・ アーキテクチャ

— 高分解能32ビッ トデジタル ・ アーキテクチャ

— 低レイテンシ ・ デジタル ・ フ ィルタ とデジタル ・
ボリューム ・ コン ト ロール

• 電流モード出力でアプリケーシ ョ ン固有の出力バッ
ファに最適なダイナミ ッ ク ・ レンジを実現

• PLLは、 さまざまな外部システムのクロック基準を
サポート

• 複数のデバイスにまたがるサンプルタイ ミングの
アライ メン ト

• オーディオ ・ シリアル ・ ポート （ASP） サンプル ・
レート最大768kHz
— I2S、 左寄せ、 TDMデータ形式

• 最大512×fsのオーバーサンプル ・ レートで動作する
DSDインターフェース

• ハードウェアとソフ トウェアの制御モード

— I2C制御ポート、 最大1MHz
— SPI制御ポート、 最大24MHz
— ホスト ・ プロセッサ不要のハードウェア制御

• 単一電源動作、 3.3V
— 1.8V～3.3Vデジタル入出力をサポート

• 48ピンQFNパッケージ

仕様

• 強化型オーバーサンプリング ・ シグマ ・ デルタDAC
— ダイナミ ック ・ レンジ 118dB （A重み付け特性）

— 全高調波歪み + ノ イズ （THD+N） –110dB
— 群遅延4.5/Fs （96kHzサンプル ・ レート時）

（スロー ・ ロールオフ、 最小位相フ ィルタ）

アプリケーシ ョ ン

• A/V レシーバ

• デジタル ・ ミキシング ・ コンソール

• 高性能スピーカーとサウンドバー

• DAWインターフェース

• 楽器
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概要

CS4304Sは、 高性能、 32ビッ ト分解能、 4チャネルDACです。 オーディオ ・ シリアル ・ ポート （ASP） を介して、 最大
768kHzのサンプル・ レートでデジタル入力をサポート します。設定可能な低レイテンシのデジタル補間フ ィルタを搭載
しています。 最大512×fsのオーバーサンプル ・ レートでダイレク ト再生モードをサポートするDSD入力パスもご用意し
ています。

DACには、 帯域外ノイズを低減し、 外部部品の数を最小限に抑える独自のアナログFIRアーキテクチャが採用されてい
ます。差動電流モード出力により、 シングルステージの外部オペアンプ回路で電流-電圧変換と帯域外フ ィルタ リングを
組み合わせることができ、 対象アプリケーシ ョ ン向けに柔軟な統合と最適なダイナミ ッ ク ・ レンジをサポート します。

CS4304Sは、 I2CおよびSPIモードをサポートする制御インターフェースを使用して設定が可能です。 このデバイスは、
外部抵抗器を使って必要な設定を選択し、 ハードウェア ・ モードで動作させることもできます。 システム ・ クロッ ク、
ASP形式、 サンプル ・ レート、 デジタル ・ フ ィルタの選択など、 複数のハードウェア制御オプシ ョ ンがサポート されて
います。

低レイテンシのデジタル ・ フ ィルタは、 適用されるサンプル ・ レートに最適化されています。 高速または低速のロール
オフ ・ フ ィルタを最小または直線位相応答と組み合わせることで、 希望する信号特性をサポートすることができます。
ディエンファシス ・ フ ィルタもご用意しています。

ASPは、 I2S、 左寄せ、 TDMデータ形式でのマルチチャネル動作をサポー ト します。 4つのデータ入力ピンは、 最大
384kHz （8チャネル） または768kHz （4チャネル） の32ビッ ト ・ マルチチャンネル動作をサポート します。

ダイレク ト ・ ス ト リーム ・ デジタル （DSD） 入力パスは、 最大512×fsのオーバーサンプル ・ レートで4チャネル動作を
サポート します。

CS4304Sのクロッキングは、 ASPまたはDSDインターフ ェースまたは別のクロッ ク源から提供できます。 統合型PLL
（phase-locked loop） は、 ジッ タを低減し、 さまざまな基準クロッ ク周波数オプシ ョ ンをサポートするために使用しま
す。 DAC変換のタイ ミングはASPデータ ・ フレームを基準とするため、 共通データ ・ バスを共有する複数のデバイス間
で時間的に同期された動作が可能です。

CS4304Sは単一の3.3V電源で動作できます。内蔵レギュレータが1.2Vのデジタルコア電源を供給します。別の外部電源
を使用することで、 1.8Vロジック ・ レベルでのデジタル入出力も可能です。 このデバイスは、 高性能と低消費電力を兼
ね備えています。

CS4304Sは、-40°C～+85°Cの温度で動作する商用グレードの0.4mmピッチ、48ピンQFNパッケージで提供されています。

ご注文については、 セクシ ョ ン12をご覧ください。
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1 Pin Assignments and Descriptions

1.1 48-Pin QFN (Top View, Through-Package)

Figure 1-1. QFN 48-pin diagram (Top View, Through Package)

1.2 QFN Pin Descriptions

Table 1-1.  QFN Pin Descriptions

Pin Name Pin # Power 
Supply I/O Description

Digital I/O
ASP_BCLK/DSD_CLK 9 VDD_IO I/O Audio serial port bit clock/DSD clock.
ASP_DIN1/DSD_DIN1
ASP_DIN2/DSD_DIN2
ASP_DIN3/DSD_DIN3
ASP_DIN4/DSD_DIN4

16
15
14
13

VDD_IO I Audio serial port data input/DSD data input.

ASP_FSYNC 10 VDD_IO I/O Audio serial port frame sync.
MCLK 8 VDD_IO I Master clock input (active low).

RESET 5 VDD_IO I Hardware reset control.

SPI_CS 20 VDD_IO I SPI chip select (active low).
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1.2 QFN Pin Descriptions

SPI_SCK 17 VDD_IO I SPI clock.
SPI_SDI/I2C_SDA 19 VDD_IO I/O SPI data input/I2C data input/output.
SPI_SDO/I2C_SCL 18 VDD_IO I/O SPI data output/I2C clock input.

Analog I/O
CONFIG1
CONFIG2
CONFIG3
CONFIG4
CONFIG5

48
22
21
23
1

VDD_A
VDD_IO
VDD_IO
VDD_IO
VDD_A

I/O Hardware control pins.
In software control mode, CONFIG5 selects the I2C target address.

DAC_FILTN
DAC_FILTP

40
39

VDD_A O DAC external capacitor connection.
The DAC_FILTP capacitor should be connected to VDD_A2.

DAC_VMID 32 VDD_A O DAC mid-rail voltage reference output.
LDO_A_FILT 4 VDD_A O LDO_A regulator external capacitor connection.
LDO_D_FILT 6 VDD_A O LDO_D regulator external capacitor connection.
OUT1N
OUT1P

45
46

VDD_A O Analog Output 1.

OUT2N
OUT2P

43
44

VDD_A O Analog Output 2.

OUT3N
OUT3P

35
36

VDD_A O Analog Output 3.

OUT4N
OUT4P

33
34

VDD_A O Analog Output 4.

Power Supplies
VDD_D 7 — — Digital supply (powered from internal LDO)
VDD_A1 2 — — Analog supply
VDD_A2 38 — — Analog supply
VDD_IO 11 — — Digital I/O supply
GND_D 12 — — Digital ground 1

GND_A 3, 37, PAD — — Analog ground 1

No Connect
DNC 24, 25, 26, 

27, 28, 29, 
30, 31

— — Do not connect.

NC 41, 42, 47 — — No connect

1.All ground pins, including the ground paddle, must be tied to a common ground plane directly underneath the CS4304S.

Table 1-1.  QFN Pin Descriptions (Cont.)

Pin Name Pin # Power 
Supply I/O Description

https://www.cirrus.com
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1.3 Termination of Unused Pins

1.3 Termination of Unused Pins
Table 1-2 shows the required termination for unused pins (i.e., if the functionality of the pin is not being used). Pins not 
listed must be connected as shown in the typical connection drawings (see Section 2).

1.4 Electrostatic Discharge (ESD) Protection

Table 1-2.  Termination of Unused Pins

Name Termination if unused
OUTnx 1

1.See Section 5.1.2 for requirements in case of single-ended output configurations.

Float
ASP_DINx Connect to ground
CONFIGx

MCLK
SPI_SDO/I2C_SCL

SPI_SCK
SPI_SDI/I2C_SDA

RESET Connect to VDD_IO
SPI_CS

ESD-sensitive device. The CS4304S is manufactured on a CMOS process. Therefore, it is generically 
susceptible to damage from excessive static voltages. Proper ESD precautions must be taken while handling 
and storing this device. This device is qualified to current JEDEC ESD protection standards.

https://www.cirrus.com
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2 Typical Connection Diagram

2 Typical Connection Diagram

Figure 2-1. Typical Connections
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3 Characteristics and Specifications

3 Characteristics and Specifications
Note: Table 3-1 defines parameters as they are characterized in this section. Note that default register field 

configurations are used unless specified otherwise in the test conditions.

Table 3-1. Parameter Definitions
Parameter Definition

Channel separation The difference in level between the active channel (driven to maximum full scale output) and the measured 
signal level in the idle channel at the test signal frequency. The active channel is configured and supplied with 
an appropriate input signal to drive a full scale output, with signal measured at the output of the associated idle 
channel.

Dynamic range The difference in level between the maximum full scale output signal and the sum of all harmonic distortion 
products plus noise with a low-level input signal applied (an input signal level 60 dB below full scale is used).

Power-supply rejection ratio 
(PSRR)

The ratio of a specified power supply variation relative to the output signal that results from it. PSRR is measured 
under quiescent signal path conditions.

Total harmonic distortion plus 
noise (THD+N)

The ratio of the RMS sum of the harmonic distortion products plus noise in the specified bandwidth relative to the 
RMS amplitude of the fundamental (i.e., test frequency) output.

Note: Unless specified otherwise, all performance measurements are for a 10 Hz to 20 kHz bandwidth.

Table 3-2. Recommended Operating Conditions
Test conditions (unless specified otherwise): Ground = GND = GND_A = GND_D = 0 V; voltages are with respect to ground.

Parameter Symbol Minimum Maximum Unit
DC power supply Analog supply 1

1.The VDD_A1 and VDD_A2 rails should be tied together and powered from a single supply. The associated power domain is referred to as VDD_A.

VDDA1, VDDA2 3.13 3.47 V
Digital supply (powered from internal LDO) 2

2.The digital supply is powered from an internal LDO regulator. The VDD_D pin must be connected to the LDO output pin, LDO_D_FILT.

VDD_D 1.14 1.26 V
Digital I/O supply VDD_IO 1.71 3.63 V

Supply ramp up/down (all supplies) tPWR-UD 0.01 10 ms
Ambient temperature TA –40 +85 ºC
Note: The device is fully functional and meets all parametric specifications in this section if operated within the specified conditions. 
Functionality and parametric performance is not guaranteed or implied outside of these limits. Operation outside of these limits may 
adversely affect device reliability.

Table 3-3. Absolute Maximum Ratings
Test conditions (unless specified otherwise): Ground = GND = GND_A = GND_D = 0 V; voltages are with respect to ground.

Parameter Symbol Minimum Maximum Unit
DC power 
supply

Analog supply 1

1.The VDD_A1 and VDD_A2 rails should be tied together and powered from a single supply. The associated power domain is referred to as VDD_A.

VDDA1, VDDA2 –0.3 4.32 V
Digital supply VDD_D –0.3 1.52 V
Digital I/O supply VDD_IO –0.3 4.32 V

External voltage applied to digital input/output VINDI –0.3 VDD_IO + 0.3 V
External voltage applied to analog inputs CONFIG2, CONFIG3, CONFIG4

All other analog inputs
VINAI –0.3

–0.3
VDD_IO + 0.3
VDD_A + 0.3

V
V

Input current digital input/output
analog inputs

Iin —
—

±10
±10

mA
mA

Ambient operating temperature TA –40 +115 °C
Junction operating temperature TJ –40 +125 °C
Storage temperature TSTG –65 +150 °C
Caution: Stresses beyond “Absolute Maximum Ratings” levels may cause permanent damage to the device. These levels are stress ratings 
only, and functional operation of the device at these or any other conditions beyond those indicated in Table 3-2 is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability.

http://www.cirrus.com
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Table 3-4. DAC Path Characteristics
Test conditions (unless specified otherwise): External components as shown in Fig. 2-1; VDD_A = VDD_IO = 3.3 V; VDD_D = 1.2 V (powered from 
internal LDO); Ground = GND_A = GND_D = 0 V; voltages are with respect to ground; TA = +25ºC; 1 kHz sine wave test signal; Fs = 48 kHz, 32-bit audio 
data, MCLK = 24.576 MHz; measured with output connected to a 2.7 kΩ transimpedance amplifier as shown in Fig. 2-1.

Parameter Min Typ Max Units
Full scale output 0 dBFS input 0.71 0.75 0.79 mARMS
Dynamic range 1

1.Dynamic range is derived by measuring the performance including the output buffer, and then deducting the contribution from the output buffer. The 
output-buffer noise is measured with DAC outputs disabled and DAC_VMID enabled.

A-weighted
unweighted

115
112

118
115

—
—

dB
dB

THD+N 0 dBFS input
–20 dBFS input
–60 dBFS input

—
—
—

–110
–92
–52

–104
—
—

dB
dB
dB

Idle channel noise 2

2.Idle channel noise is derived by dividing the DAC output noise (µVRMS) by the output-buffer feedback-resistor value. The DAC output noise is 
calculated by measuring the performance including the output buffer, and then deducting the contribution from the output buffer. The output-buffer 
noise is measured with DAC outputs disabled and DAC_VMID enabled.

A-weighted — 0.91 — nARMS
Channel separation 1 kHz

20 kHz
—
—

110
100

—
—

dB
dB

PSRR (VDD_A) 100 mV (peak-peak) 1 kHz sine wave — 75 — dB

Table 3-5. DAC Filter Characteristics
Test conditions (unless specified otherwise): VDD_A = VDD_IO = 3.3 V; VDD_D = 1.2 V (powered from internal LDO); Ground = GND_A = GND_D = 
0 V; voltages are with respect to ground; TA = +25ºC; 1 kHz sine wave test signal; Fs = 48 kHz, 32-bit audio data.

Parameter 1 Min Typ Max Units
Fs = 32 kHz Fast roll-off Passband to –3 dB corner — — 0.49 Fs

Passband ripple f ≤ 0.45 Fs –0.001 — 0.001 dB
Stopband attenuation f ≥ 0.55 Fs 100 — — dB
Group delay 2 linear phase

minimum phase
—
—

32.5/Fs
4.6/Fs

—
—

s
s

Fs = 44.1 or 
48 kHz

Fast roll-off Passband to –3 dB corner — — 0.49 Fs
Passband ripple f ≤ 0.45 Fs –0.001 — 0.001 dB
Stopband attenuation f ≥ 0.55 Fs 100 — — dB
Group delay 2 linear phase

minimum phase
—
—

32.6/Fs
4.7/Fs

—
—

s
s

Slow roll-off Passband to –3 dB corner — — 0.47 Fs
Passband ripple f ≤ 0.42 Fs –0.004 — 0.005 dB
Stopband attenuation f ≥ 0.59 Fs 101 — — dB
Group delay 2 linear phase

minimum phase
—
—

17.1/Fs
4.6/Fs

—
—

s
s

Fs = 88.2 or 
96 kHz

Fast roll-off Passband to –3 dB corner — — 0.49 Fs
Passband ripple f ≤ 0.45 Fs –0.001 — 0.001 dB
Stopband attenuation f ≥ 0.55 Fs 101 — — dB
Group delay 2 linear phase

minimum phase
—
—

32.9/Fs
5.0/Fs

—
—

s
s

Slow roll-off Passband to –3 dB corner — — 0.39 Fs
Passband ripple f ≤ 0.23 Fs –0.005 — 0.005 dB
Stopband attenuation f ≥ 0.70 Fs 90 — — dB
Group delay 2 linear phase

minimum phase
—
—

7.4/Fs
4.5/Fs

—
—

s
s

Balanced 
roll-off

Passband to –3 dB corner — — 0.35 Fs
Passband ripple f ≤ 0.23 Fs –0.001 — 0.001 dB
Stopband attenuation f ≥ 0.55 Fs 101 — — dB
Group delay 2 linear phase

minimum phase
—
—

11.6/Fs
5.2/Fs

—
—

s
s
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Fs = 176.4 or 
192 kHz

Fast roll-off Passband to –3 dB corner — — 0.48 Fs
Passband ripple f ≤ 0.45 Fs –0.004 — 0.005 dB
Stopband attenuation f ≥ 0.55 Fs 103 — — dB
Group delay 2 linear phase

minimum phase
—
—

35.1/Fs
6.6/Fs

—
—

s
s

Slow roll-off Passband to –3 dB corner — — 0.36 Fs
Passband ripple f ≤ 0.11 Fs –0.001 — 0.001 dB
Stopband attenuation f ≥ 0.80 Fs 108 — — dB
Group delay 2 linear phase

minimum phase
—
—

7.6/Fs
5.4/Fs

—
—

s
s

Balanced 
roll-off

Passband to –3 dB corner — — 0.28 Fs
Passband ripple f ≤ 0.11 Fs –0.001 — 0.001 dB
Stopband attenuation f ≥ 0.55 Fs 110 — — dB
Group delay 2 linear phase

minimum phase
—
—

10.6/Fs
6.7/Fs

—
—

s
s

Fs = 352.8 or 
384 kHz

Fast roll-off Passband to –3 dB corner — — 0.30 Fs
Passband ripple f ≤ 0.23 Fs –0.004 — 0.000 dB
Stopband attenuation f ≥ 0.55 Fs 116 — — dB
Group delay 2 linear phase

minimum phase
—
—

14.4/Fs
7.7/Fs

—
—

s
s

Balanced 
roll-off

Passband to –3 dB corner — — 0.23 Fs
Passband ripple f ≤ 0.06 Fs –0.001 — 0.000 dB
Stopband attenuation f ≥ 0.55 Fs 116 — — dB
Group delay 2 linear phase

minimum phase
—
—

10.4/Fs
7.6/Fs

—
—

s
s

Fs = 705.6 or 
768 kHz

Fast roll-off Passband to –3 dB corner — — 0.15 Fs
Passband ripple f ≤ 0.11 Fs –0.005 — 0.001 dB
Stopband attenuation f ≥ 0.30 Fs 101 — — dB
Group delay 2 linear phase

minimum phase
—
—

23.9/Fs
13.7/Fs

—
—

s
s

Balanced 
roll-off

Passband to –3 dB corner — — 0.12 Fs
Passband ripple f ≤ 0.03 Fs –0.001 — 0.000 dB
Stopband attenuation f ≥ 0.27 Fs 116 — — dB
Group delay 2 linear phase

minimum phase
—
—

19.9/Fs
14.3/Fs

—
—

s
s

1.The DAC filters are supported on the ASP path only; they are not supported for the DSD input path.
2.Group delay is measured from the start of the FSYNC frame containing the audio data on the ASP_DINn pin to the time at which the signal is 

presented on the output pins (OUTnP/OUTnN).

Table 3-6. DAC High-Pass Filter (HPF)
Test conditions (unless specified otherwise): VDD_A = VDD_IO = 3.3 V; VDD_D = 1.2 V (powered from internal LDO); Ground = GND_A = GND_D = 
0 V; voltages are with respect to ground; TA = +25ºC; 1 kHz sine wave test signal; Fs = 48 kHz, 32-bit audio data.

Parameter 1

1.The DAC high-pass filter is supported on the ASP path only; it is not supported for the DSD input path.

Min Typ Max Units
Passband –0.01 dB corner

–3 dB corner
—
—

19
1

—
—

Hz
Hz

Phase deviation f = 20 Hz — 0.001 — degree
Filter settling time — 0.4 — s

Table 3-5. DAC Filter Characteristics (Cont.)
Test conditions (unless specified otherwise): VDD_A = VDD_IO = 3.3 V; VDD_D = 1.2 V (powered from internal LDO); Ground = GND_A = GND_D = 
0 V; voltages are with respect to ground; TA = +25ºC; 1 kHz sine wave test signal; Fs = 48 kHz, 32-bit audio data.

Parameter 1 Min Typ Max Units

http://www.cirrus.com
https://tracker.cirrus.com/secure/CreateIssueDetails!Init.jspa?Create=Create&pid=16702&issuetype=3&priority=4&summary=[<Emerick2>+DSxxxxF1+internal]&assignee=ph&components=27697


DS1388F1 11
Copyright © 2024–2025 Cirrus Logic, Inc. and Cirrus Logic International Semiconductor Ltd.

CS4304S
3 Characteristics and Specifications

Table 3-7. Device Power Consumption
Test conditions (unless specified otherwise): VDD_A = VDD_IO = 3.3 V; VDD_D = 1.2 V (powered from internal LDO); Ground = GND = GND_A =
GND_D = 0 V; voltages are with respect to ground; TA = +25ºC; 1 kHz sine wave test signal; Fs = 48 kHz, 32-bit audio data.

Use Configuration Typical Current (mA) Total Power 
(mW)IVDD_A IVDD_IO

Reset RESET = Logic 0 0.70 0.04 2.4
Four channels enabled 23.3 1.1 81

Table 3-8. Digital Interface Specifications and Characteristics
Test conditions (unless specified otherwise): Ground = GND = GND_A = GND_D = 0 V; voltages are with respect to ground; TA = +25ºC.

Parameter Symbol Minimum Maximum Unit
Input leakage current (per pin) IIN — ±10 µA
Input capacitance (per pin) — — 5 pF
Digital I/O
(VDD_IO logic—all pins except CONFIG5) 1

1.The CONFIG2–CONFIG5 pins support digital output if configured as GP output (see Section 4.10).

High-level output VOH 0.9×VDD_IO — V
Low-level output VOL — 0.1×VDD_IO V
High-level input VIH 0.7×VDD_IO — V
Low-level input VIL — 0.3×VDD_IO V

Digital I/O
(VDD_A logic—CONFIG5 pin) 1

High-level output VOH 0.9×VDD_A — V
Low-level output VOL — 0.1×VDD_A V

Table 3-9. DC Characteristics
Test conditions (unless specified otherwise): VDD_A = VDD_IO = 3.3 V; VDD_D = 1.2 V (powered from internal LDO); Ground = GND = GND_A =
GND_D = 0 V; voltages are with respect to ground; TA = +25ºC.

Parameter Minimum Typical Maximum Unit
DAC_FILT 1

1.DAC_FILT characteristics are provided as a guide for external component selection. The output current (arising from capacitor leakage) must be less 
than the maximum output current of the DAC_FILT pin.

Nominal voltage VDD_A to DAC_FILTP
DAC_FILTN to GND

—
—

1.3
1.2

—
—

V
V

DAC_VMID 2

2.The output current (arising from capacitor leakage and the input-buffer circuit) must be less than the maximum output current of the DAC_VMID pin. 
If a larger current is required, an external VMID buffer should be used. A buffer can be provided using a standard op-amp (noise voltage < 5 nV/√Hz, 
input current < 10 µA). An example circuit is as follows:

Nominal voltage — 1.65 — V
Maximum output current — 0.01 — mA

VDD_A power-on reset (POR) threshold (VPOR) VDD_A rising
VDD_A falling

1.9
1.8

—
—

2.7
2.6

V
V

VDD_D power-on reset (POR) threshold (VPOR) VDD_D rising
VDD_D falling

0.90
0.75

—
—

1.05
0.90

V
V

-

+DAC_VMID
Buffered DAC_VMID

4.7 µF 

100 
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Table 3-10. Switching Specifications—Reset and Clock References
Test conditions (unless specified otherwise): VDD_A = VDD_IO = 3.3 V; VDD_D = 1.2 V (powered from internal LDO); Ground = GND = GND_A =
GND_D = 0 V; voltages are with respect to ground; TA = +25ºC.

Parameter Symbol Minimum Typical Maximum Unit
Reset RESET low (logic 0) pulse width tRLPW 1 — — ms

RESET rising edge to control port active tIRS — — 5 ms
MCLK input MCLK frequency (MCLK as clock source, PLL not used) fMCLK —

—
45.1584
49.152

—
—

MHz
MHz

MCLK duty cycle (MCLK as clock source, PLL not used) DMCLK 40 — 60 %
MCLK frequency tolerance (MCLK as clock source, PLL not used) — –1 — 1 %

Phase-locked 
loop (PLL)

REFCLK input frequency (BCLK or MCLK reference) 1

1.Note the REFCLK input frequency must be integer-related to the sample rate. See Section 4.4 for further details.

fREFCLK —
—
—
—
—
—
—
—

2.8224
5.6448
11.2896
22.5792

3.072
6.144

12.288
24.576

—
—
—
—
—
—
—
—

MHz
MHz
MHz
MHz
MHz
MHz
MHz
MHz

REFCLK input duty cycle DREFCLK 45 — 55 %
REFCLK frequency tolerance — –1 — 1 %
PLL output frequency Fs = 32, 48, 96, 192, 384, 768 kHz

Fs = 44.1, 88.2, 176.4, 352.8, 705.6 kHz
fPLL_OUT —

—
49.152

45.1584
—
—

MHz
MHz

PLL output jitter jPLL_OUT — 100 — psRMS
PLL lock time tPLL_LOCK — 0.3 1 ms
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Table 3-11. Switching Specifications—Audio Serial Port (ASP)
Test conditions (unless specified otherwise): VDD_A = 3.3 V; VDD_D = 1.2 V (powered from internal LDO); Ground = GND = GND_A = GND_D = 0 V; 
voltages are with respect to ground; input timings are measured at VIL and VIH thresholds, output timings are measured at VOL and VOH thresholds for 
VDD_IO logic (as specified in Table 3-8); TA = 25°C.

Parameter 1,2,3

1.The ASP_BCLK launching edge is selectable. Half-cycle mode = ASP_BCLK launching edge is opposite to latching edge. Full-cycle mode = ASP_
BCLK launching edge is same as latching edge.

2.ASP timing in I2S and Left-Justified Modes.
Note that ASP_BCLK can be inverted if required; the 
figure shows the default polarity.

Symbol Minimum Maximum Unit
Secondary Mode,
VDD_IO = 3.3 V

ASP_FSYNC input sample/frame rate Fs 32 768 kHz
ASP_FSYNC pulse width tHI:FSYNC 1/fASP_BCLK — ns
ASP_BCLK frequency fBCLK 2.048 24.576 MHz
ASP_BCLK high period tHI:BCLK 18 — ns
ASP_BCLK low period tLO:BCLK 18 — ns
ASP_FSYNC setup time before ASP_BCLK latching edge tSU:FSYNC 5 — ns
ASP_FSYNC hold time after ASP_BCLK latching edge tH:FSYNC 5 — ns
ASP_DIN setup time before ASP_BCLK latching edge tSU:DIN 10 — ns
ASP_DIN hold time after ASP_BCLK latching tH:DIN 5 — ns

Primary Mode,
VDD_IO = 3.3 V

ASP_FSYNC output sample/frame rate Fs 32 768 kHz
ASP_BCLK frequency fBCLK 2.8224 24.576 MHz
ASP_BCLK duty cycle PLL enabled, MCLK duty cycle 40–60%

PLL bypass, BCLK < 22.5792 MHz, MCLK 40–60%
PLL bypass, BCLK ≥ 22.5792 MHz, MCLK 45–55%
PLL bypass, BCLK ≥ 22.5792 MHz, MCLK 40–60%

DBCLK 45
45
42
37

55
55
58
63

%
%
%
%

ASP_FSYNC delay time after ASP_BCLK launching edge tD:BCLK–FSYNC 0 20 ns
ASP_DIN setup time before ASP_BCLK latching edge tSU:DIN 6 — ns
ASP_DIN hold time after ASP_BCLK latching edge tH:DIN 5 — ns
ASP_x load capacitance ASP_BCLK

ASP_FSYNC
— 0

0
50
50

pF
pF

Secondary Mode,
VDD_IO = 1.8 V

ASP_FSYNC input sample/frame rate Fs 32 768 kHz
ASP_FSYNC pulse width tHI:FSYNC 1/fASP_BCLK — ns
ASP_BCLK frequency fBCLK 2.048 24.576 MHz
ASP_BCLK high period tHI:BCLK 18 — ns
ASP_BCLK low period tLO:BCLK 18 — ns
ASP_FSYNC setup time before ASP_BCLK latching edge tSU:FSYNC 5 — ns
ASP_FSYNC hold time after ASP_BCLK latching edge tH:FSYNC 5 — ns
ASP_DIN setup time before ASP_BCLK latching edge tSU:DIN 10 — ns
ASP_DIN hold time after ASP_BCLK latching tH:DIN 5 — ns

Primary Mode,
VDD_IO = 1.8 V

ASP_FSYNC output sample/frame rate Fs 32 768 kHz
ASP_BCLK frequency fBCLK 2.8224 24.576 Mhz
ASP_BCLK duty cycle PLL enabled, MCLK duty cycle 40–60%

PLL bypass, BCLK < 22.5792 MHz, MCLK 40–60%
PLL bypass, BCLK ≥ 22.5792 MHz, MCLK 45–55%
PLL bypass, BCLK ≥ 22.5792 MHz, MCLK 40–60%

DBCLK 45
45
39
34

55
55
61
66

%
%
%
%

ASP_FSYNC delay time after ASP_BCLK launching edge tD:BCLK–FSYNC 0 20 ns
ASP_DIN setup time before ASP_BCLK latching edge tSU:DIN 6 — ns
ASP_DIN hold time after ASP_BCLK latching edge tH:DIN 5 — ns
ASP_x load capacitance ASP_BCLK

ASP_FSYNC
— 0

0
50
50

pF
pF

ASP_BCLK

ASP_DIN

tSU: DI N
tH:DIN

ASP_FSYNC

tD:B CLK-FS YNC

1/ fBCLKtSU:FSY NC

tLO:B CLK tHI: BCLK
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3.ASP timing in TDM Mode.
Note that ASP_BCLK can be inverted if required; the 
figure shows the default polarity.

Table 3-12. Switching Specifications—Direct Stream Digital (DSD) Interface
Test conditions (unless specified otherwise): VDD_A = VDD_IO = 3.3 V; VDD_D = 1.2 V (powered from internal LDO); Ground = GND = GND_A =
GND_D = 0 V; voltages are with respect to ground; input timings are measured at VIL and VIH thresholds, output timings are measured at VOL and VOH 
thresholds for VDD_IO logic (as specified in Table 3-8); TA = 25°C.

Parameter 1,2,3

1.DSD Normal Mode.

2.DSD Phase Modulation, (64fs CLK).

3.DSD Phase Modulation, (128fs CLK).

Symbol Minimum Maximum Unit
Normal Mode DSD_CLK frequency fDSD_CLK 2.8224 22.5792 MHz

DSD_CLK duty cycle — 45 55 %
DSD_DIN setup time to active DSD_CLK edge tDSU 10 — ns
DSD_DIN fall time from active DSD_CLK edge tDH 10 — ns

Phase Modulation 
Mode

DSD_CLK frequency 64fs CLK (DSD_PM_SEL = 1)
128fs CLK (DSD_PM_SEL = 0)

fDSD_CLK 2.8224
5.6448

2.8224
5.6448

MHz
MHz

DSD_CLK duty cycle — 45 55 %
DSD_DIN setup time to active DSD_CLK edge tDSU 10 — ns
DSD_DIN fall time from active DSD_CLK edge tDH 10 — ns

ASP_BCLK

ASP_DIN

tSU: DI N
tH:DIN

ASP_FSYNC

tD:B CLK-FS YNC

1/ fBCLKtSU:FSY NC

tHI:F SY NC

tLO:B CLK tHI: BCLK

tH:FSYNC

DSD_CLK

DSD_DIN

DSD_CLK

tDSU

tDH

1/ fDSD_CLK

data bit

DSD_CLK

DSD_DIN

tDSU

tDH tDH

tDSU

1/ fDSD_CLK

data invert

DSD_CLK

DSD_DIN

tDSU

tDH tDH

tDSU

1/ fDSD_CLK

data invert
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Table 3-13. Switching Specifications—I2C Control Port
Test conditions (unless specified otherwise): VDD_A = VDD_IO = 3.3 V; VDD_D = 1.2 V (powered from internal LDO); Ground = GND = GND_A =
GND_D = 0 V; voltages are with respect to ground; input timings are measured at VIL and VIH thresholds, output timings are measured at VOL and VOH 
thresholds for VDD_IO logic (as specified in Table 3-8); TA = 25°C.

Parameter 1,2

1.All timing is relative to thresholds specified in Table 3-8, VIL and VIH for input signals, and VOL and VOH for output signals.
2.I2C control-port timing.

Symbol Minimum Maximum Unit
SCL clock frequency fSCL — 1000 kHz
Clock low time tLOW 500 — ns
Clock high time tHIGH 260 — ns
Start condition hold time (before first clock pulse) tHDST 260 — ns
Setup time for repeated start tSUST 260 — ns
Rise time of SCL and SDA fSCL ≤ 100 kHz

100 kHz < fSCL ≤ 400 kHz
400 kHz < fSCL ≤ 1000 kHz

tRC 600
180
72

1000
300
120

ns
ns
ns

Fall time of SCL and SDA fSCL ≤ 100 kHz
100 kHz < fSCL ≤ 400 kHz

400 kHz < fSCL ≤ 1000 kHz

tFC 6.5
6.5
6.5

300
300
120

ns
ns
ns

Rise time variation between SDA and SCL — — 1.67 x
Fall time variation between SDA and SCL fSCL ≤ 100 kHz

100 kHz < fSCL ≤ 400 kHz
400 kHz < fSCL ≤ 1000 kHz

— —
—
—

100
100
75

ns
ns
ns

Setup time for stop condition tSUSP 260 — ns
SDA setup time to SCL rising tSUD 50 — ns
SDA input hold time from SCL falling 3

3.Data must be held long enough to bridge the transition time, tFC, of SCL.

tHDDI 0 — ns
Output data valid (Data/ACK) 4

4.Time from falling edge of SCL until data output is valid.

fSCL ≤ 100 kHz
100 kHz < fSCL ≤ 400 kHz

400 kHz < fSCL ≤ 1000 kHz

tVDDO —
—
—

3450
900
450

ns
ns
ns

Bus free time between transmissions tBUF 500 — ns
SDA bus capacitance CB — 550 pF
SCL/SDA pull-up resistance RP 500 — Ω
Pulse width of spikes to be suppressed tps 0 50 ns

tBUF

tLOW

Stop

tHDDI

tSUD tSUST tRC

tHDST tHIGH
tHDST tFC tSUSP

Start
Repeated 

Start Stop

I2C_SDA

I2C_SCL

tVDDO
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Table 3-14. Switching Specifications—SPI Control Port
Test conditions (unless specified otherwise): VDD_A = VDD_IO = 3.3 V; VDD_D = 1.2 V (powered from internal LDO); Ground = GND = GND_A =
GND_D = 0 V; voltages are with respect to ground; input timings are measured at VIL and VIH thresholds, output timings are measured at VOL and VOH 
thresholds for VDD_IO logic (as specified in Table 3-8); TA = 25°C.

Parameter 1

1.SPI control-port timing.

Symbol Minimum Maximum Unit
SPI_SCK frequency fSCY — 24 MHz
SPI_CS falling edge to SPI_SCK rising edge tSSU 5 — ns
SPI_SCK falling edge to SPI_CS rising edge tSHO 0.5 — ns
SPI_SCK pulse width low tSCL 18.5 — ns
SPI_SCK pulse width high tSCH 18.5 — ns
SPI_SDI to SPI_SCK setup time tDSU 5 — ns
SPI_SDI to SPI_SCK hold time tDHO 2.5 — ns
SPI_SCK falling edge to SPI_SDO transition tDL 0 15 ns
SPI_CS rising edge to SPI_SDO output high-Z — 0 15 ns
Bus free time between active SPI_CS tSH 20 — ns

SPI_CS
(Input)

SPI_SCK
(Input)

SPI_SDI
(Input)

SPI_SDO
(Output)

tSSU

tSCL

tDSU

tDHO tDL

MSB LSB MSB LSB

MSB LSB

tSHO

tSCY
tSCH

tSH
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4 Functional Description

4.1 Device Power and Reset
The CS4304S is powered using VDD_A1, VDD_A2, VDD_D, and VDD_IO external supplies.

Notes: The VDD_A1 and VDD_A2 rails should be tied together and powered from a single supply. The associated power
domain is referred to as VDD_A.
The digital supply, VDD_D, is powered from an internal LDO regulator. The output of the LDO regulator is 
provided on the LDO_D_FILT pin—the VDD_D pin should be connected to LDO_D_FILT.

There are no power-sequencing requirements—supplies can be enabled in any order.

The CS4304S is in reset if the RESET pin is asserted (Logic 0), or if the VDD_A or VDD_D supply is below the respective 
reset threshold defined in Table 3-9.

All ground pins, including the ground paddle, must be tied to a common ground plane directly underneath the CS4304S.

4.2 Hardware Configuration
The CS4304S supports hardware and software control modes. In hardware mode, the device configuration is determined 
entirely by external resistors connected to the hardware-control pins. In software mode, the I2C/SPI control port is used to 
configure the device.

Note: The hardware-control pins CONFIG1 and CONFIG5 are powered by VDD_A. The CONFIG2, CONFIG3, and 
CONFIG4 pins are powered by VDD_IO. Care must be taken to ensure any external pull-up resistors on these 
pins are connected to the applicable power domain.

In hardware mode, the audio serial port (ASP) configuration is selected using the CONFIG1 and CONFIG2 pins as 
described in Table 4-1. See Section 4.4 for more details of the sample-rate selection. See Section 4.7 for more details of 
the ASP operation.

Note that the DSD interface (Section 4.8) is not supported in hardware control mode.

Table 4-1.  Hardware Control—ASP Configuration

Pin Name Pin Configuration Description
CONFIG1 Pull-up to VDD_A 0 Ω Software control mode (I2C/SPI)

4.7 kΩ ASP Primary Mode, 44.1 kHz, 48 kHz sample rate
22 kΩ ASP Primary Mode, 88.2 kHz, 96 kHz sample rate
100 kΩ ASP Primary Mode, 176.4 kHz, 192 kHz sample rate

Pull-down to GND_A 100 kΩ ASP Secondary Mode, 176.4 kHz, 192 kHz sample rate
22 kΩ ASP Secondary Mode, 88.2 kHz, 96 kHz sample rate
4.7 kΩ ASP Secondary Mode, 44.1 kHz, 48 kHz sample rate

0 Ω ASP Secondary Mode, autodetect sample rate 1,2

1.Valid sample rates for autodetect are 32, 44.1, 48, 88.2, 96, 176.4, and 192 kHz.
2.Autodetect sample rate is only supported in MCLK = 256 fs(base), MCLK = 512 fs(base), or MCLK 1024 fs(base) clocking 

configurations (see Table 4-3).

CONFIG2 Pull-up to VDD_IO 0 Ω ASP TDM Mode—minimum time slots 3

3.The ASP data format is configured to support the minimum number of time slots necessary for the 4-channel CS4304S input.

4.7 kΩ ASP TDM Mode—maximum time slots 4

4.The ASP data format is configured to support the maximum number of time slots for the applicable BCLK rate.

22 kΩ —
100 kΩ —

Pull-down to GND_D 100 kΩ —
22 kΩ —
4.7 kΩ ASP Left-Justified Mode

0 Ω ASP I2S Mode
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If the ASP is configured for TDM data format with maximum time slots, the TDM slot selection is determined using the 
CONFIG3 pin as described in Table 4-2. See Section 4.7 for more details of the ASP TDM modes.

The clock-reference and ASP channel-ordering configuration is determined using the CONFIG4 pin as described in 
Table 4-3. See Section 4.4 for more details of the CS4304S clocking architecture. See Section 4.7.5 for more details of 
the ASP reverse channel-order option.

In hardware mode, the digital filter is selected using the CONFIG5 pin as described in Table 4-4. Note the filter selection 
is also dependent on the sample rate. See Section 4.6 for more details of the digital filters.

In hardware mode, the device configuration is latched when reset is released (either power-on reset or deassertion of the 
RESET pin). In hardware mode, the configuration cannot be changed while the device is operational. To update the device 
configuration, the RESET pin must be asserted (Logic 0), or the device power cycled, in order to read new settings on the 
CONFIGx pins.

Table 4-2.  Hardware Control—TDM Slot Selection

Pin Name Pin Configuration Description
CONFIG3 Pull-up to VDD_IO 0 Ω Slots 12–15 [1]

1.Slots 8–15 are only valid in 16-slot TDM Mode.

4.7 kΩ
22 kΩ Slots 8–11 [1]

100 kΩ
Pull-down to GND_D 100 kΩ Slots 4–7 [2]

2.Slots 4–7 are only valid in 8-slot or 16-slot TDM Mode.

22 kΩ
4.7 kΩ Slots 0–3

0 Ω

Table 4-3.  Hardware Control—Clocking Configuration

Pin Name Pin Configuration Clock Reference 1,2,3,4

1.fs = sample rate, 44.1, 48, 88.2, 96, 176.4, or 192 kHz.
2.fs(base) is the base sample rate. fs(base) = 48 kHz for 48 kHz-related sample rates; fs(base) = 44.1 kHz for 44.1 kHz-related sample rates.
3.BCLK 64 fs configuration is only supported in ASP Secondary Mode.
4.Autodetect sample rate (see Table 4-1) is only supported in MCLK = 256 fs(base), MCLK = 512 fs(base), or MCLK 1024 fs(base) clocking configurations.

PLL Channel Order
CONFIG4 Pull-up to VDD_IO 0 Ω BCLK = 64 fs Enabled Default

4.7 kΩ MCLK = 1024 fs(base) Bypass Default
22 kΩ MCLK = 256 fs(base) Enabled Default

100 kΩ MCLK = 512 fs(base) Enabled Default
Pull-down to GND_A 100 kΩ MCLK = 512 fs(base) Enabled Reversed

22 kΩ MCLK = 256 fs(base) Enabled Reversed
4.7 kΩ MCLK = 1024 fs(base) Bypass Reversed

0 Ω BCLK = 64 fs Enabled Reversed

Table 4-4.  Hardware Control—DAC Output Digital Filter Selection

Pin Name Pin Configuration
DAC Interpolation Filter High-Pass 

Filter (HPF)32–48 kHz Sample Rate 1

1.Fast roll-off filters are supported for all sample rates. Slow roll-off filters are not valid for 32 kHz sample rate.

88.2–192 kHz Sample Rate
CONFIG5 Pull-up to VDD_A 0 Ω Minimum phase, slow roll-off Minimum phase, balanced roll-off Bypass

4.7 kΩ Minimum phase, fast roll-off Minimum phase, fast roll-off Bypass
22 kΩ Linear phase, slow roll-off Linear phase, balanced roll-off Bypass
100 kΩ Linear phase, fast roll-off Linear phase, fast roll-off Bypass

Pull-down to GND_A 100 kΩ Linear phase, fast roll-off Linear phase, fast roll-off Enabled
22 kΩ Linear phase, slow roll-off Linear phase, balanced roll-off Enabled
4.7 kΩ Minimum phase, fast roll-off Minimum phase, fast roll-off Enabled

0 Ω Minimum phase, slow roll-off Minimum phase, balanced roll-off Enabled
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If software mode is selected (i.e., CONFIG1 has a 0 Ω pull-up to VDD_A), the ASP configuration and digital-filter selection 
are controlled by register writes via the applicable control interface. Unused CONFIGx pins should be terminated as 
described in Section 1.3.

Notes: In software mode, the CONFIG2 and CONFIG3 pins can optionally be used to support the DSD interface (see
Section 4.8).
In software mode, the CONFIG5 pin is used to select the I2C target address (see Section 4.9). If the SPI control 
interface is used, it is recommended to connect the CONFIG5 pin to GND.

4.3 Software Configuration
Software control mode is enabled if the CONFIG1 pin is connected to VDD_A. In software control mode, the CS4304S is 
configured by writing to control registers using the control port.

The control port supports I2C and SPI modes of operation; the applicable mode is detected automatically on the respective 
interface pins. In I2C mode, the target address is selectable using the CONFIG5 pin. See Section 4.9 for further details of 
the I2C/SPI control port.

In software control mode, GLOBAL_EN is used as the global control field for enabling/disabling the CS4304S functions. 
The device should be configured using the applicable control registers before setting GLOBAL_EN.

Notes: The clocking (Section 4.4) and ASP (Section 4.7) control registers are only valid on the rising edge of GLOBAL_
EN. Writing to these registers has no effect at any other time. It is recommended to select the disabled state
(GLOBAL_EN = 0) before writing to these registers.
See Section 4.5.1 to minimize the CS4304S power consumption when all output paths are disabled.

A reset of the CS4304S can be triggered by writing 0x5A to the SW_RESET field. A software reset disables all functions 
and sets the control registers to their default states.

4.4 System Clocking
Clocking for the CS4304S is provided from the digital audio input (ASP_BCLK or DSD_CLK) or else using the dedicated 
MCLK input.

The integrated PLL can be used to generate the internal system clock from the external reference. The MCLK signal can 
be used as a direct clock source, bypassing the PLL. If ASP_BCLK or DSD_CLK is selected as the clock reference, the 
PLL is always used and cannot be bypassed.

In ASP Secondary Mode, the FSYNC input is used to control the DAC-conversion timing, enabling multiple CS4304S 
devices to operate synchronously in a system. See Section 4.7 for more details of the ASP.
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The clocking architecture is illustrated in Fig. 4-1.

Figure 4-1. System Clocking

4.4.1 Hardware Control Mode
In hardware control mode, the clocking configuration is determined by the CONFIG4 pin (see Section 4.2). Four possible 
clocking configurations are supported as follows:

• BCLK reference—64 fs, PLL enabled
• MCLK reference—1024 fs(base), PLL bypass
• MCLK reference—256 fs(base), PLL enabled
• MCLK reference—512 fs(base), PLL enabled

The clocking configuration is defined with reference to the sample rate (fs). Note that fs(base) is the base sample rate; 
fs(base) = 48 kHz for 48 kHz-related sample rates, fs(base) = 44.1 kHz for 44.1 kHz-related sample rates.

The sample rate is selected using the CONFIG1 pin as described in Section 4.2. Sample rates 44.1 kHz–192 kHz can be 
configured, or else the autodetect option (32 kHz–192 kHz) automatically configures the device according to the ASP 
interface clock signals. Note the autodetect sample-rate option is only valid if the clock reference source is MCLK and the 
ASP is operating in Secondary Mode (see Section 4.7).

The BCLK 64 fs configuration enables the CS4304S to be clocked from the audio serial port (ASP) operating in Secondary 
Mode, with no requirement for any other clock reference. Note that, in the BCLK 64 fs clocking configuration, the ASP data 
format must be either I2S or left-justified.

The MCLK-referenced configurations use a fixed clock frequency of 12.288 / 24.576 / 49.152 MHz (for 48 kHz-related 
sample rates), or 11.2896 / 22.5792 / 45.1584 MHz (for 44.1 kHz-related sample rates).

The supported clocking configurations are summarized in Table 4-5.

Table 4-5.  System Clock Configuration

Description PLL Select Reference Source Reference Frequency ASP Operating Conditions 1

1.See Section 4.7 for details of the audio serial port (ASP).

BCLK = 64 fs Enabled BCLK 64 × sample rate Secondary Mode only,
I2S or left-justified data formats,

sample rates 44.1–192 kHz,
sample-rate autodetect not supported.

MCLK = 1024 fs(base) Bypass MCLK 49.152 MHz or 45.1584 MHz Primary or Secondary Mode,
I2S, left-justified, or TDM data formats,

sample rates 32–192 kHz,
sample-rate autodetect supported.

MCLK = 256 fs(base) Enabled MCLK 12.288 MHz or 11.2896 MHz
MCLK = 512 fs(base) Enabled MCLK 24.576 MHz or 22.5792 MHz

System Clocking

ASP Clock 
Generator

System 
ClockMCLK

ASP_BCLK/
DSD_CLK

ASP_FSYNC

PLL input select
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secondary

Conversion 
timing sync.

DAC Control
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The sample rate must be related to the system clock reference as described in Table 4-6.

Note that, if MCLK is configured as the clock source (with or without PLL) and the ASP is configured in Secondary Mode, 
the external clocks (MCLK, BCLK, and FSYNC) must be derived from a common clock source. The clocks must be 
synchronized, but the phase difference is not important.

4.4.2 Software Control Mode—ASP Input
In software (I2C/SPI) control mode, with the ASP selected as the audio source (see Section 4.7), the clocking configuration 
is selected using the following control fields:

• The sample rate is configured using SAMPLE_RATE. Sample rates 32 kHz–768 kHz can be configured, or else the 
autodetect option automatically configures the device according to the ASP interface signals. The sample rate must 
be related to the system clock reference as described in Table 4-8.
Note that the sample-rate autodetect option is only valid if all the following conditions are met:
— Sample rate is 32 kHz–192 kHz
— The clock reference source is MCLK
— ASP is operating in Secondary Mode (see Section 4.7).

• The system clock source is selected using SYSCLK_SRC. The clock source can be either MCLK or the output from 
the PLL. If MCLK is selected (i.e., PLL bypass), the MCLK frequency must be 49.152 MHz (for 48 kHz-related 
sample rates) or 45.1584 MHz (for 44.1 kHz-related sample rates).

• The input reference to the PLL is selected using PLL_REFCLK_SRC. The reference can be either MCLK or BCLK. 
Note the BCLK reference is only valid if the ASP is operating in Secondary Mode.

• The frequency of the PLL input reference is configured using PLL_REFCLK_FREQ.

The supported clocking configurations are summarized in Table 4-7.

Table 4-6.  Sample Rate Options

Reference Source Clocking Configuration Reference Frequency (MHz) Sample Rate (kHz)
BCLK BCLK = 64 fs 2.8224 44.1

5.6448 88.2
11.2896 176.4
3.072 48
6.144 96
12.288 192

MCLK MCLK = 1024 fs(base) 45.1584 44.1, 88.2, 176.4
49.152 32, 48, 96, 192

MCLK = 256 fs(base) 11.2896 44.1, 88.2, 176.4
12.288 32, 48, 96, 192

MCLK = 512 fs(base) 22.5792 44.1, 88.2, 176.4
24.576 32, 48, 96, 192

Table 4-7.  System Clock Configuration

SYSCLK_SRC PLL_REFCLK_SRC Description Reference Frequency Sample Rate 
Autodetect Supported

0 X MCLK reference, PLL bypass 49.152 MHz or 45.1584 MHz Yes
1 1 MCLK reference, PLL enabled Configured by

PLL_REFCLK_FREQ
Yes

1 0 BCLK reference, PLL enabled No
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The sample rate must be related to the system clock reference as described in Table 4-8.

Note that, if MCLK is configured as the clock source (with or without PLL) and the ASP is configured in Secondary Mode, 
the external clocks (MCLK, BCLK, and FSYNC) must be derived from a common clock source. The clocks must be 
synchronized, but the phase difference is not important.

4.4.3 Software Control Mode—DSD Input
In software (I2C/SPI) control mode, with the DSD interface selected as the audio source (see Section 4.8), the clocking 
configuration is selected using the following control fields:

• The system clock source is selected using SYSCLK_SRC. The clock source can be either MCLK or the output from 
the PLL. If MCLK is selected (i.e., PLL bypass), the MCLK frequency must be 45.1584 MHz.

• The input reference to the PLL is selected using PLL_REFCLK_SRC. The reference can be either MCLK or DSD_
CLK. The DSD_CLK frequency is configured using DSD_OSR as described in Section 4.8.2.

• The frequency of the PLL input reference is configured using PLL_REFCLK_FREQ.

The supported clocking configurations are summarized in Table 4-9.

The supported reference frequencies for the PLL are noted in Table 4-10.

Note that, if MCLK is configured as the clock source (with or without PLL), the external clocks (MCLK and DSD_CLK) must 
be derived from a common clock source. The clocks must be synchronized, but the phase difference is not important.

Table 4-8.  Sample Rate Options

Reference Frequency (MHz) PLL_REFCLK_FREQ Sample Rate (kHz) 1

1.Sample rate is configured using SAMPLE_RATE.

2.8224 00 44.1, 88.2, 176.4, 352.8, 705.6
5.6448 01
11.2896 10
22.5792 11
45.1584 See note [2]

2.Only valid in PLL-bypass configuration. The PLL_REFCLK_FREQ setting is not used.

3.072 00 32, 48, 96, 192, 384, 768
6.144 01
12.288 10
24.576 11
49.152 See note [2]

Table 4-9.  System Clock Configuration

SYSCLK_SRC PLL_REFCLK_SRC Description Reference Frequency
0 X MCLK reference, PLL bypass 45.1584 MHz
1 1 MCLK reference, PLL enabled Configured by

PLL_REFCLK_FREQ1 0 DSD_CLK reference, PLL enabled

Table 4-10.  PLL Reference Selection

Reference Frequency (MHz) PLL_REFCLK_FREQ
2.8224 00
5.6448 01
11.2896 10
22.5792 11
45.1584 See note [1]

1.Only valid in PLL-bypass configuration. The PLL_REFCLK_FREQ setting is not used.
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4.5 DAC and Analog Output
The CS4304S supports four analog output channels, each incorporating a high-performance sigma-delta digital-to-analog 
converter (DAC). Digital volume and mute control is provided on each output channel.

Note that the digital volume and mute controls are supported in software (I2C/SPI) control mode only. In hardware control 
mode, all channels are enabled with 0 dB gain.

4.5.1 DAC Path Enable
The analog output and DAC paths are enabled using OUTx_DAC_EN (where x indicates the channel number 1–4).

To minimize power consumption when all output paths are disabled, the DAC reference circuit can be disabled by setting 
DAC_REF_DISABLE. If this bit is set, all output paths are disabled, regardless of the OUTx_DAC_EN bits.

Note: Power consumption is only reduced if the output paths have previously been enabled. Until they are enabled for 
the first time, the power consumption is already minimized as far as possible.

When the output paths are enabled for the first time after power-up or after the DAC reference has been disabled, the 
paths do not become active until a startup delay has elapsed. The time delay (1 s default) is applied when the output paths 
are enabled using DAC_REF_DISABLE, GLOBAL_EN, or OUTx_DAC_EN ; the delay ensures the noise floor of the output 
path has settled before it becomes active.

The startup delay can be disabled using STARTUP_DELAY_EN. The delay duration is configurable using STARTUP_
DELAY_TIME. If the delay is disabled or is shorter than 1 s, an elevated noise floor (~20 dB above specification) may be 
observed during the settling period.

The polarity of the DAC output can be inverted using OUTx_INV for the respective channel.

4.5.2 Digital Volume and Mute
The DAC signal path incorporates a digital volume control, supporting a gain range of –127.5 dB to 0 dB in 0.5 dB steps. 
Volume ramping and digital mute is also supported.

The digital volume is configured using OUTx_VOL for the respective output channel. The digital mute is enabled by setting 
OUTx_MUTE.

Writing to the volume or mute fields has no effect on the signal path until a 1 is written to OUT_VU. Writing 1 to OUT_VU 
causes the volume and mute settings to be updated on all output paths simultaneously.

When the volume or mute is changed, the gain of the affected signal paths is ramped up or down to the new setting. For 
increasing gain, the rate is controlled by OUT_RAMP_RATE_INC; for decreasing gain, the rate is controlled by OUT_
RAMP_RATE_DEC.

Note: The OUT_RAMP_RATE_INC and OUT_RAMP_RATE_DEC fields should not be changed while a volume ramp 
is in progress.

4.5.3 DAC Output Summing
The CS4304S supports the option to combine the DAC signal paths in groups of two or four channels; this can be used to 
achieve enhanced dynamic-range performance on the respective paths. 

In the summing configuration, the signal paths are routed and controlled differently to normal operation—the input signals 
are routed to groups of two or more DACs (depending on the selected configuration), and the grouped paths are each 
controlled as a single channel.
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The DAC output summing is configured using OUT_SUM_MODE. The supported options are described in Table 4-11.

Note: The OUT_SUM_MODE field should not be changed while GLOBAL_EN is set. The GLOBAL_EN bit should 
always be cleared before writing to OUT_SUM_MODE.

In the summing configuration, the respective analog output connections must be linked externally to achieve the 
performance enhancement. The analog outputs are current-mode outputs; the external linking of the outputs results in the 
summing of the respective output signals.

Note: The increased current in the summing configuration affects the choice of components for the output buffer—see 
Section 4.5.4 for further details.

The grouped output paths are configured using the control registers associated with the respective summed channel 
number (see Table 4-11). For example, the OUT3+OUT4 group is configured using the OUT2 control registers.

Typical connections, with outputs combined in groups of two, are shown in Fig. 4-2.

Figure 4-2. Output Summing

Table 4-11.  DAC Output Summing

Configuration Description Output Summing Configuration Summed Channel 
Number

Default 4-channel input OUT1–OUT4 as individual outputs 1–4
DACs combined in groups of two 2-channel input OUT1+OUT2

OUT3+OUT4
1
2

DACs combined as a group of four 1-channel input OUT1+OUT2+OUT3+OUT4 1

OUT2N

OUT2P

OUT1N

OUT1P

OUT4N

OUT4P

OUT3N

OUT3P

Output buffer

Output buffer

Output 1

Output 2

CS4304S
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4.5.4 External Components
The analog output channels are supported using external buffer circuits, also incorporating anti-alias filters. A typical buffer 
circuit is shown in Fig. 4-3; the typical buffer circuit shown produces a 2 VRMS differential output from a full-scale (0 dBFS) 
digital input.

Figure 4-3. Output Buffer

In the summing configuration (see Section 4.5.3), the increased output current affects the choice of components for the 
output buffer. The feedback resistance must be selected according to the number of outputs that are summed, as 
described in Table 4-12. The 47 pF capacitance should be changed to 100 pF in the output-summing configurations.

Note that other output-buffer circuit topologies are possible, including support for single-ended output signals.

See Section 5.1 for further information on the output-buffer circuits.

4.6 Digital Filter Selection
The DAC output path incorporates an interpolation filter and a high-pass filter. Six types of filter are supported:

• Fast roll-off, minimum phase
• Fast roll-off, linear phase
• Slow roll-off, minimum phase
• Slow roll-off, linear phase
• Balanced roll-off, minimum phase
• Balanced roll-off, linear phase

The phase-response options is characterized as follows:

• The minimum-phase filters offer the lowest latency and an impulse response with no pre-ringing, at the expense 
of potential in-band phase distortion.

• The linear-phase filters have no phase distortion, but also higher latency and a symmetric impulse response.

Table 4-12.  Output Buffer Components

Configuration Capacitance Resistance
No summing 47 pF 2.7 kΩ

2 outputs summed 100 pF 1.4 kΩ
4 outputs summed 100 pF 680 Ω

Note: The specified resistance assumes 2 VRMS full-scale output

270 pF

2.7 k

OUTnN –

+

270 pF

2.7 k

OUTnP

+

–

DAC_VMID

47 pF
OUT+

OUT– 

1 nF

100 

100 
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The frequency-response options are characterized as follows:

• The fast roll-off filters maximize the audio signal bandwidth (as a function of the selected sample rate) and provide 
deep stopband attenuation. The signal bandwidth and stopband attenuation are prioritized over impulse response 
and group delay. The deep stopband attenuation minimizes out-of-band noise and aliased signal content.

• The slow roll-off filters are optimized for impulse response and group delay, with flat passband over the audible 
range to 20 kHz and a more relaxed stopband specification. The enhanced impulse response may improve 
perceived sound quality, especially for transient signal content.
Note the slow roll-off filters provide less stopband attenuation than other filter types. To avoid out-of-band noise 
above the stopband attenuation level, the system design must ensure the DAC input data does not contain 
significant energy above 20 kHz (for 48 kHz sample rate), 30 kHz (for 96 kHz sample rate), or 40 kHz (for 192 kHz 
sample rate).

• The balanced roll-off filters offer a superior impulse response and group delay as compared with the fast roll-off 
filters, while retaining a flat passband over the audible range to 20 kHz and deep stopband attenuation.

The supported filter options for different sample rates are indicated in Table 4-13.

In hardware control mode, the filter selection is determined by the CONFIG5 pin (see Section 4.2). In software (I2C/SPI) 
control mode, the interpolation filter is selected using OUT_FILTER_SEL; the high-pass filter is enabled using OUT_HPF_
EN.

Performance plots showing the characteristics of the interpolation filters are shown in Section 8.

A deemphasis filter can also be enabled in the DAC output path. The filter provides standard Red Book deemphasis, with 
corner frequencies corresponding to 15 µs/50 µs time constants, as illustrated in Fig. 4-4.

The deemphasis filter is supported for 32 kHz, 44.1 kHz, and 48 kHz sample rates. The filter is enabled using OUT_
DEEMPH_EN. If the sample rate is 44.1 kHz or 48 kHz, the applicable rate must be configured using OUT_DEEMPH_
FILT_SEL.

Note: The deemphasis filter is not supported for sample rates above 48 kHz; enabling the filter at sample rates higher 
than 48 kHz has no effect.

Table 4-13.  Digital Filter Options

Description Sample Rate (kHz)
32 44.1 48 88.2 96 176.4 192 352.8 384 705.6 768

Fast roll-off, minimum phase Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Fast roll-off, linear phase Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Slow roll-off, minimum phase — Yes Yes Yes Yes Yes Yes — — — —
Slow roll-off, linear phase — Yes Yes Yes Yes Yes Yes — — — —

Balanced roll-off, minimum phase — — — Yes Yes Yes Yes Yes Yes Yes Yes
Balanced roll-off, linear phase — — — Yes Yes Yes Yes Yes Yes Yes Yes
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The de-emphasis filter response is illustrated in Fig. 4-4.

Figure 4-4. Deemphasis Filter Response

Note the interpolation and deemphasis filters are not supported on the DSD signal path (see Section 4.8).

4.7 Audio Serial Port (ASP)
The multichannel ASP supports the input of digital audio samples to the CS4304S. The ASP can be configured as a 
primary or secondary interface, and supports I2S, left-justified, and TDM data formats. The audio samples can be 
distributed across four data lines, enabling additional bandwidth and flexibility.

In hardware control mode, the ASP data format is determined by the CONFIGx pins (see Section 4.2). In software (I2C/
SPI) control mode, the ASP data format is configured using register fields.

In hardware mode, sample rates 32 kHz–192 kHz are supported. In software mode, the CS4304S supports sample rates 
32 kHz–768 kHz.

Note that the ASP interface is not supported if the DSD interface is enabled (see Section 4.8).

4.7.1 Primary and Secondary Operation
The ASP interface can operate as a primary or secondary interface. In the primary configuration, the BCLK and FSYNC 
signals are generated by the CS4304S. In the secondary configuration, the BCLK and FSYNC pins are inputs, allowing 
another device to drive the respective signals.

In hardware control mode, the ASP is configured as a primary or secondary interface using the CONFIG1 pin (see 
Section 4.2). In software control mode, the ASP primary/secondary configuration is selected using ASP_PRIMARY.
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The ASP operation as a primary or secondary interface is illustrated in Fig. 4-5 and Fig. 4-6.

4.7.2 ASP Data Formats
The ASP interface can be configured to operate in I2S, left-justified, or TDM data formats as illustrated in Fig. 4-7 through 
Fig. 4-9. The data-bit order is MSB first in each case; data words are encoded in 2’s complement (signed, fixed-point) 
format. Each audio sample is allocated a time slot within the FSYNC frame. Multiple data lines provide capacity to support 
different audio channels concurrently on different data pins.

• In I2S Mode, the MSB is valid on the second BCLK rising edge following a FSYNC transition. The other bits up to 
the LSB are valid on each successive BCLK cycle. Depending on word length, BCLK frequency, and sample rate, 
there may be unused BCLK cycles between the LSB of one sample and the MSB of the next.
I2S Mode data format is shown in Fig. 4-7.

Figure 4-7. I2S Data Format
• In Left-Justified Mode, the MSB is valid on the first BCLK rising edge following a FSYNC transition. The other bits 

up to the LSB are valid on each successive BCLK cycle. Depending on word length, BCLK frequency, and sample 
rate, there may be unused BCLK cycles between the LSB of one sample and the MSB of the next.
Left-Justified Mode data format is shown in Fig. 4-8.

Figure 4-8. Left-Justified Data Format

Figure 4-5. Primary Mode Figure 4-6. Secondary Mode
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• In TDM modes, the MSB of the first channel is valid on the second BCLK rising edge following the rising FSYNC 
edge. Subsequent channels follow immediately after the previous one. Depending on word length, BCLK frequency, 
and sample rate, there may be unused BCLK cycles between the LSB of the last channel data and the start of the 
next FSYNC frame.
In Primary Mode, the FSYNC output resembles the frame pulse shown in Fig. 4-9. In Secondary Mode, the FSYNC 
pulse duration can be anything less than 1/Fs, provided the falling edge of the frame pulse occurs at least one BCLK 
period before the rising edge of the next frame pulse.
TDM Mode data format is shown in Fig. 4-9.

Figure 4-9. TDM Data Format

4.7.3 ASP Configuration
In hardware control mode, the ASP data format is determined by the CONFIG1 and CONFIG2 pins (see Section 4.2).

In software control mode, the ASP data format is configured using SAMPLE_RATE and ASP_FORMAT. If ASP Primary 
Mode is selected (see Section 4.7.1), the BCLK frequency is configured using ASP_BCLK_FREQ.

In software control mode, the BCLK polarity is selected using ASP_BCLK_INV. The polarity selection is valid in primary 
and secondary modes, and determines whether the data is valid for sampling on the rising edge or the falling edge.

The BCLK polarity is illustrated in Fig. 4-10 and Fig. 4-11. Note that, in hardware control mode, the BCLK polarity is 
assumed to be noninverted.

In TDM Mode, the two data-format options are supported as follows:

• TDM Mode—minimum time slots. The ASP data format is configured to support the minimum number of time slots 
necessary for the 4-channel CS4304S output. This mode allows the BCLK rate to be as low as possible, equating 
to a minimum of 32 BCLK cycles per audio sample.

• TDM Mode—maximum time slots. The ASP data format is configured to support the maximum number of time slots 
for the applicable BCLK rate. The mode is designed for the maximum BCLK rate (22.5792 MHz for 44.1 kHz-related 
sample rates, or 24.576 MHz for 48 kHz-related sample rates), enabling the maximum possible bandwidth on the 
ASP data bus to be shared with other devices.
Note that, for sample rates >96 kHz, the TDM data format is the same regardless of the minimum/maximum 
time-slot option.

Figure 4-10. Noninverted BCLK Figure 4-11. Inverted BCLK
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The ASP configuration depends on the sample rate and the selected data format as described in Table 4-14. The output 
data is provided on one or more ASP_DINx pins, depending on the selected data format.

The ASP data format in I2S, Left-Justified, and TDM interface modes as illustrated in Fig. 4-12 through Fig. 4-16. Refer to 
Table 4-14 for the applicable definition.

• If I2S data format is selected, the ASP supports audio channels 1–4 as shown in Fig. 4-12. The minimum BCLK rate 
is 64 fs (where fs is the sample rate). A higher BCLK frequency can be used, resulting in unused BCLK cycles 
between the LSB of one sample and the MSB of the next.
Note that the input data is provided on ASP_DIN1 and ASP_DIN2; the ASP_DIN3 and ASP_DIN4 pins are not used.

Figure 4-12. I2S Data Format

Table 4-14.  ASP Data Format

ASP Format 1

1.The ASP format is selected using the CONFIG2 pin (in hardware control mode) or ASP_FORMAT (in software control mode).

ASP Sample Rate 2,3

2.The sample rate is selected using the CONFIG1 pin (in hardware control mode) or SAMPLE_RATE (in software control mode).
3.Sample rates 32 kHz–768 kHz supported in software control mode, 32 kHz–192 kHz in hardware control mode.

DIN pins used Time slots per 
frame 4

4.Time slots per frame is the number of data-sample time slots supported on each of the active DIN pins.

BCLK 5,6

5.The BCLK rate must be a constant integer multiple of the sample rate (fs).
6.In ASP primary mode (hardware control), the BCLK frequency is the minimum specified rate. In ASP primary mode (software control), the BCLK 

frequency is configured using ASP_BCLK_FREQ.

I2S, Left-Justified 32 kHz 2 2 BCLK ≥ 64 fs [7]

7.In ASP primary mode, the specified minimum BCLK frequency for 32 kHz sample rate is not supported. The available options correspond to 96 fs, 
192 fs, 384 fs, or 768 fs.

44.1 kHz, 48 kHz 2 2 BCLK ≥ 64 fs
88.2 kHz, 96 kHz 2 2 BCLK ≥ 64 fs
176.4 kHz, 192 kHz 2 2 BCLK ≥ 64 fs
352.8 kHz, 384 kHz 2 2 BCLK = 64 fs
705.6 kHz, 768 kHz — — —
Autodetect (32 kHz–192 kHz) 2 2 BCLK ≥ 64 fs

TDM—minimum time slots 32 kHz 1 4 BCLK ≥ 128 fs [7]

44.1 kHz, 48 kHz 1 4 BCLK ≥ 128 fs
88.2 kHz, 96 kHz 1 4 BCLK ≥ 128 fs
176.4 kHz, 192 kHz 1 4 BCLK = 128 fs
352.8 kHz, 384 kHz 2 2 BCLK = 64 fs
705.6 kHz, 768 kHz 4 1 BCLK = 32 fs
Autodetect (32 kHz–192 kHz) 1 4 BCLK ≥ 128 fs

TDM—maximum time slots 32 kHz 1 16 BCLK ≥ 512 fs [7]

44.1 kHz, 48 kHz 1 16 BCLK = 512 fs
88.2 kHz, 96 kHz 1 8 BCLK = 256 fs
176.4 kHz, 192 kHz 1 4 BCLK = 128 fs
352.8 kHz, 384 kHz 2 2 BCLK = 64 fs
705.6 kHz, 768 kHz 4 1 BCLK = 32 fs
Autodetect (32 kHz–192 kHz) 1 4 BCLK ≥ 128 fs

MSB LSB
32-bit audio sample

1/Fs

FSYNC

BCLK

DIN1

DIN2

1 BCLK 1 BCLK

Channel 1 Channel 2

Channel 3 Channel 4

http://www.cirrus.com
https://tracker.cirrus.com/secure/CreateIssueDetails!Init.jspa?Create=Create&pid=16702&issuetype=3&priority=4&summary=[<Emerick2>+DSxxxxF1+internal]&assignee=ph&components=27697


DS1388F1 31
Copyright © 2024–2025 Cirrus Logic, Inc. and Cirrus Logic International Semiconductor Ltd.

CS4304S
4.7 Audio Serial Port (ASP)

• If Left-Justified data format is selected, the ASP supports audio channels 1–4 as shown in Fig. 4-13. The minimum 
BCLK rate is 64 fs (where fs is the sample rate). A higher BCLK frequency can be used, resulting in unused BCLK 
cycles between the LSB of one sample and the MSB of the next.
Note that the input data is provided on ASP_DIN1 and ASP_DIN2; the ASP_DIN3 and ASP_DIN4 pins are not used.

Figure 4-13. Left-Justified Data Format
• In TDM Mode, the FSYNC frame is configured for 1, 2, 4, 8, or 16 slots as specified in Table 4-14.

In 8- and 16-slot modes, the slot assignment for audio channels 1–4 is selected using the CONFIG3 pin (in hardware 
control mode—see Section 4.2) or else using ASP_TDM_SLOT (in software control mode). In 1-, 2-, and 4-slot 
modes, the default slot assignment (slots 0–3) should be selected.
The BCLK rate is related to the sample rate (fs) as described in Table 4-14. Where applicable, the BCLK rate can 
be higher than the stated minimum, resulting in additional unused BCLK cycles between the last slot in the frame 
and the start of the next frame.
In 4-, 8-, and 16-slot modes, the input data is provided on ASP_DIN1; the ASP_DIN2, ASP_DIN3, and ASP_DIN4 
pins are not used.
The 8-slot TDM format is shown in Fig. 4-14. In the example shown, audio channels 1–4 occupy TDM slots 0–3 
respectively.

Figure 4-14. TDM Data Format—1 x DIN
In 2-slot mode, the input data is provided on ASP_DIN1 and ASP_DIN2. Note the 2-slot format is used to support 
352.8 kHz and 384 kHz sample rates only.
The 2-slot TDM format is shown in Fig. 4-15.

Figure 4-15. TDM Data Format—2 x DIN
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In 1-slot mode, the input data is provided on ASP_DIN1, ASP_DIN2, ASP_DIN3, and ASP_DIN4. Note the 1-slot 
format is used to support 705.6 kHz and 768 kHz sample rates only.
The 1-slot TDM format is shown in Fig. 4-16.

Figure 4-16. TDM Data Format—4 x DIN

4.7.4 Output Channel Summing
The DAC signal paths can be combined as described in Section 4.5.3; this can be used to achieve enhanced performance 
on the respective paths. If the DAC paths are combined, the ASP data format is redefined as a 2- or 1-channel output.

If the output channels are combined in groups of two, the CS4304S supports a 2-channel input. The ASP configuration 
depends on the sample rate and the selected data format as described in Table 4-15. The input data is provided on ASP_
DIN1 in most cases; the ASP_DIN2 pin is used for 705.6 kHz/768 kHz operation only.

Table 4-15.  ASP Data Format—2-channel

ASP Format 1

1.The ASP format is selected using ASP_FORMAT.

ASP Sample Rate 2

2.The sample rate is selected using SAMPLE_RATE.

DIN pins used Time slots per 
frame 3

3.Time slots per frame is the number of data-sample time slots supported on each of the active DIN pins.

BCLK 4,5

4.The BCLK rate must be a constant integer multiple of the sample rate (fs).
5.fs = sample rate. In ASP primary mode, the BCLK frequency is configured using ASP_BCLK_FREQ.

I2S, Left-Justified 32 kHz 1 2 BCLK ≥ 64 fs [6]

44.1 kHz, 48 kHz 1 2 BCLK ≥ 64 fs
88.2 kHz, 96 kHz 1 2 BCLK ≥ 64 fs
176.4 kHz, 192 kHz 1 2 BCLK ≥ 64 fs
352.8 kHz, 384 kHz 1 2 BCLK = 64 fs
705.6 kHz, 768 kHz — — —
Autodetect (32 kHz–192 kHz) 1 2 BCLK ≥ 64 fs

TDM—minimum time slots 32 kHz 1 2 BCLK ≥ 64 fs [6]

44.1 kHz, 48 kHz 1 2 BCLK ≥ 64 fs
88.2 kHz, 96 kHz 1 2 BCLK ≥ 64 fs
176.4 kHz, 192 kHz 1 2 BCLK ≥ 64 fs
352.8 kHz, 384 kHz 1 2 BCLK = 64 fs
705.6 kHz, 768 kHz 2 1 BCLK = 32 fs
Autodetect (32 kHz–192 kHz) 1 2 BCLK ≥ 64 fs

TDM—maximum time slots 32 kHz 1 16 BCLK ≥ 512 fs [6]

44.1 kHz, 48 kHz 1 16 BCLK = 512 fs
88.2 kHz, 96 kHz 1 8 BCLK = 256 fs
176.4 kHz, 192 kHz 1 4 BCLK = 128 fs
352.8 kHz, 384 kHz 1 2 BCLK = 64 fs
705.6 kHz, 768 kHz 2 1 BCLK = 32 fs
Autodetect (32 kHz–192 kHz) 1 4 BCLK ≥ 128 fs

Channel 1

1/Fs

DIN1

In Secondary Mode, the falling edge can occur anywhere in this area
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FSYNC

BCLK

Channel 2DIN2

Channel 3DIN3

Channel 4DIN4

http://www.cirrus.com
https://tracker.cirrus.com/secure/CreateIssueDetails!Init.jspa?Create=Create&pid=16702&issuetype=3&priority=4&summary=[<Emerick2>+DSxxxxF1+internal]&assignee=ph&components=27697


DS1388F1 33
Copyright © 2024–2025 Cirrus Logic, Inc. and Cirrus Logic International Semiconductor Ltd.

CS4304S
4.7 Audio Serial Port (ASP)

The 2-channel ASP format is illustrated in Fig. 4-17 through Fig. 4-20.

If the output channels are combined in a group of four, the CS4304S supports a 1-channel input. The ASP configuration 
depends on the sample rate and the selected data format as described in Table 4-16. The input data is provided on ASP_
DIN1; the ASP_DIN2, ASP_DIN3 and ASP_DIN4 pins are not used.

6.In ASP primary mode, the specified minimum BCLK frequency for 32 kHz sample rate is not supported. The available options correspond to 96 fs, 
192 fs, 384 fs, or 768 fs.

Figure 4-17. I2S Data Format Figure 4-18. Left-Justified Data Format

Figure 4-19. TDM Data Format—1 x DIN Figure 4-20. TDM Data Format—2 x DIN

Table 4-16.  ASP Data Format—1-channel

ASP Format 1

1.The ASP format is selected using ASP_FORMAT (in software control mode).

ASP Sample Rate 2

2.The sample rate is selected using SAMPLE_RATE (in software control mode).

DIN pins used Time slots per 
frame 3

3.Time slots per frame is the number of data-sample time slots supported on each of the active DIN pins.

BCLK 4,5

4.The BCLK rate must be a constant integer multiple of the sample rate (fs).
5.fs = sample rate. In ASP primary mode, the BCLK frequency is configured using ASP_BCLK_FREQ.

I2S, Left-Justified 32 kHz 1 2 BCLK ≥ 64 fs [6]

6.In ASP primary mode, the specified minimum BCLK frequency for 32 kHz sample rate is not supported. The available options correspond to 96 fs, 
192 fs, 384 fs, or 768 fs.

44.1 kHz, 48 kHz 1 2 BCLK ≥ 64 fs
88.2 kHz, 96 kHz 1 2 BCLK ≥ 64 fs
176.4 kHz, 192 kHz 1 2 BCLK ≥ 64 fs
352.8 kHz, 384 kHz 1 2 BCLK = 64 fs
705.6 kHz, 768 kHz — — —
Autodetect (32 kHz–192 kHz) 1 2 BCLK ≥ 64 fs

TDM—minimum time slots 32 kHz 1 1 BCLK ≥ 64 fs [6]

44.1 kHz, 48 kHz 1 1 BCLK ≥ 64 fs
88.2 kHz, 96 kHz 1 1 BCLK ≥ 32 fs
176.4 kHz, 192 kHz 1 1 BCLK ≥ 32 fs
352.8 kHz, 384 kHz 1 1 BCLK ≥ 32 fs
705.6 kHz, 768 kHz 1 1 BCLK = 32 fs
Autodetect (32 kHz–192 kHz) 1 1 BCLK ≥ 64 fs

TDM—maximum time slots 32 kHz 1 16 BCLK ≥ 512 fs [6]

44.1 kHz, 48 kHz 1 16 BCLK = 512 fs
88.2 kHz, 96 kHz 1 8 BCLK = 256 fs
176.4 kHz, 192 kHz 1 4 BCLK = 128 fs
352.8 kHz, 384 kHz 1 2 BCLK = 64 fs
705.6 kHz, 768 kHz 1 1 BCLK = 32 fs
Autodetect (32 kHz–192 kHz) 1 4 BCLK ≥ 128 fs
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Note: A 4-slot TDM frame is illustrated; 2- 8- and 16-slot formats are also supported.
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The 1-channel ASP format is illustrated in Fig. 4-21 through Fig. 4-23.

4.7.5 ASP Channel Reverse Order
The CS4304S supports an option to reverse the ASP channel order. If the reverse channel order is selected, the ASP data 
format is reconfigured to map the input channels in the opposite order to the default order shown in Section 4.7.3 and 
Section 4.7.4.

The reverse channel-order option can be used to ease PCB layout constraints, enabling the ASP data ordering to be 
aligned with the external pin connections, regardless of the orientation of the device on the PCB.

The reverse channel order is illustrated in Fig. 4-24 and Fig. 4-25. The I2S data format is shown as an example; the 
equivalent channel substitutions are supported in left-justified and TDM format also.

In hardware control mode, the ASP channel order is selected using the CONFIG4 hardware control pin, as described in 
Section 4.2. In software (I2C/SPI) control mode, the ASP channel order is selected using ASP_CH_REVERSE.

4.8 DSD Interface
Direct Stream Digital (DSD) is a high-resolution audio-coding standard that employs 1-bit sampling at high oversample 
rates. The DSD interface uses noise shaping and other filters to decode the data for the purposes of analog audio 
playback. The CS4304S supports a four-channel DSD interface.

The DSD interface supports digital input at oversample rates up to 512×fs. Phase modulation of the digital input is also 
supported at 64×fs oversample rate. A selectable high-pass filter is provided in the DSD signal path.

The DSD clock input (DSD_CLK) can be used as the system-clock reference for the CS4304S. See Section 4.4 for further 
details.

Note the DSD interface is supported in software control mode only.

Figure 4-21. I2S Data Format Figure 4-22. Left-Justified Data Format

Figure 4-23. TDM Data Format

Figure 4-24. Default Channel Order Figure 4-25. Reverse Channel Order
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4.8.1 DSD Enable
The DSD interface is enabled using DSD_EN. Note that the ASP interface (see Section 4.7) is disabled if the DSD 
interface is enabled.

The DSD interface supports four-channel input using the respective DSD_DINx data pins. The timing of the DSD data is 
supported using the DSD_CLK clock input. The DSD interface connections are illustrated in Fig. 4-26.

Figure 4-26. DSD Interface Connection

4.8.2 DSD Format
The DSD interface format is shown in Fig. 4-27. In this default configuration, a new data bit is received on each falling CLK 
edge, for sampling at the next rising edge. See Table 3-12 for timing specifications.

Figure 4-27. DSD Interface Timing

The oversample rate is configured using DSD_OSR. This field must be configured to match the DSD input stream. 
Oversample rates 64×fs, 128×fs, 256×fs, and 512×fs rates are supported (where fs = 44.1 kHz).

The CS4304S supports DSD phase modulation, where the DSD data is represented in data plus data-inverted format as 
shown in Fig. 4-28. Phase modulation is configured by setting DSD_PM_EN. Note that phase modulation supported for 
64×fs data rate only.

If phase modulation is enabled, the DSD clock rate is configured using DSD_PM_SEL. By default, the clock rate is 128×fs 
(i.e., 2 x OSR rate). The clock rate can be adjusted to 64×fs if required.

Note: If phase modulation is enabled using the 128×fs clock rate, the Channel 1 and Channel 2 paths must both be 
enabled, with valid DSD data present on the respective pins.

The phase-modulation data formats are shown in Fig. 4-28 and Fig. 4-29.

Figure 4-28. DSD Phase Modulation—64fs CLK Figure 4-29. DSD Phase Modulation—128fs CLK
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4.8.3 Signal Level Control
The scaling of the DSD signal level, relative to the full-scale level of the CS4304S DAC output path, is configurable using 
DSD_ZERODB. The scaling is defined with reference to the SACD standard for DSD signal levels.

4.8.4 High-Pass Filter
A high-pass filter is incorporated in the DSD signal path. The filter is selected using DSD_HPF_EN. The filter is enabled 
by default.

Note the digital filters described in Section 4.6 are not supported on the DSD path.

4.9 I2C/SPI Control Port
The CS4304S incorporates a control port, supporting I2C or SPI modes of operation. In software control mode, the 
CS4304S is configured by writing to control registers using the control port.

The control port is automatically configured in I2C mode or SPI mode following the first valid I2C/SPI activity detected after 
power-on or hardware reset.

4.9.1 I2C Control Port
The I2C control port is supported using the I2C_SCL and I2C_SDA pins.

The CS4304S is a target device on the I2C bus—SCL is a clock input, while SDA is a bidirectional data pin. To allow 
arbitration of multiple targets (and/or multiple controllers) on the same interface, the CS4304S transmits Logic 1 by 
tristating the SDA pin, rather than pulling it high. An external pull-up resistor is required to pull the SDA line high so that 
the Logic 1 can be recognized by the controller.

In order to allow many devices to share a single two-wire control bus, every device on the bus has a unique 8-bit device 
address (this is not the same as the address of each register in the CS4304S). Note that the LSB of the device address is 
the read/write bit; this bit is set to Logic 1 for read and Logic 0 for write.

The I2C device address is configured using the CONFIG5 pin as described in Table 4-17.

The host device indicates the start of data transfer with a high-to-low transition on SDA while SCL remains high. This 
indicates that a device address and subsequent address/data bytes follow. The CS4304S responds to the start condition 
and shifts in the next 8 bits on SDA (8-bit device address, including read/write bit, MSB first). If the device address received 
matches the device address of the CS4304S, the CS4304S responds by pulling SDA low on the next clock pulse (ACK). 
If the device address is not recognized or the R/W bit is set incorrectly, the CS4304S returns to the idle condition and waits 
for a new start condition.

If the device address matches the device address of the CS4304S, the data transfer continues. The controller indicates 
the end of data transfer with a low-to-high transition on SDA while SCL remains high. After receiving a complete address 
and data sequence the CS4304S returns to the idle state and waits for another start condition. If a start or stop condition 
is detected out of sequence at any point during data transfer (i.e., SDA changes while SCL is high), the device returns to 
the idle condition.

Table 4-17.  I2C Address Selection—CONFIG5 pin

Pin Configuration I2C Address
Pull-up to VDD_A 0 Ω 0x6E (write), 0x6F (read)

4.7 kΩ 0x6C (write), 0x6D (read)
22 kΩ 0x6A (write), 0x6B (read)
100 kΩ 0x68 (write), 0x69 (read)

Pull-down to GND_A 100 kΩ 0x66 (write), 0x67 (read)
22 kΩ 0x64 (write), 0x65 (read)
4.7 kΩ 0x62 (write), 0x63 (read)

0 Ω 0x60 (write), 0x61 (read)
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The I2C interface uses a 16-bit register address and 16-bit data words. The register address must be aligned to a 16-bit 
word boundary (i.e., the LSB must be 0). Note that the full I2C message protocol also includes a device address, a read/
write bit, and other signaling bits (see Fig. 4-30 and Fig. 4-31).

The CS4304S supports the following read and write operations:

• Single write
• Single read
• Multiple write
• Multiple read

Continuous (multiple) read and write modes allow register operations to be scheduled faster than is possible with single 
register operations. In these modes, the CS4304S automatically increments the register address after each data word. 
Successive data words can be input/output every two data bytes.

The I2C protocol for a single, 16-bit register write operation is shown in Fig. 4-30.

Figure 4-30. Control Interface I2C Register Write

The I2C protocol for a single, 16-bit register read operation is shown in Fig. 4-31.

Figure 4-31. Control Interface I2C Register Read

The control interface also supports other register operations; the interface protocol for these operations is shown in 
Fig. 4-32 through Fig. 4-35. The terminology used in the following figures is detailed in Table 4-18.

Table 4-18.  Control Interface (I2C) Terminology

Terminology Description
S Start condition
Sr Repeated start
A Acknowledge (SDA low)
A No Acknowledge (SDA high)
P Stop condition

R/W Read/not Write: 0 = Write, 1 = Read
[White field] Data flow from bus controller to CS4304S
[Gray field] Data from CS4304S to bus controller

D7 D1SDA

SCL

target address (Write) register address A15–A8

A15 A8

Note: The SDA pin is used as input for the control register address and da ta; SDA 
is pulled low by th e receiving device to provide the acknowledge (ACK)  response

R/W A9 A7

START ACK ACK data bits B15–B8

B15 B8 B1 B0B9 B7

data bits B7–B0ACK ACK STOPACKregister addre ss A7–A0

A0A1

D7 D1SDA

SCL

target address (Write)

Note: The SDA pin is driven by both the control ler and target devices in turn 
to transfer target add ress, register  address, data and ACK responses

R/W

START ACK

B1 B0B7

data bits B7–B0 STOPACK

register address A15–A8

A15 A8A9

ACK register address A7–A0

A7 A0A1

ACK

B9 B8B15

data bits B15–B8 ACKACK

target address (Read)

D7 D1 R/W

Rpt
START
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Fig. 4-32 shows a single register write to a specified address.

Figure 4-32. Single-Register Write to Specified Address

Fig. 4-33 shows a single register read from a specified address.

Figure 4-33. Single-Register Read from Specified Address

Fig. 4-34 shows a multiple register write to a specified address.

Figure 4-34. Multiple-Register Write to Specified Address

Fig. 4-35 shows a multiple register read from a specified address.

Figure 4-35. Multiple-Register Read from Specified Address

4.9.2 SPI Interface
The SPI interface is supported using the SPI_CS, SPI_SCK, SPI_SDI, and SPI_SDO pins.

The SDI (data-input) pin supports the following behavior:

• In write operations (R/W = 0), the SDI pin input is driven by the controlling device.
• In read operations (R/W = 1), the SDI pin is ignored following receipt of the valid register address.

    Target AddressS A Address Byte [1]

(0)

A

8-bit Target Address

PR/W Data Byte [1] A Data Byte [0] AA

Data Bytes written to Register Address:

Address Byte [0]

    Target AddressS A

(0)

    Target AddressSr A P

(1)

Address Byte [1] A

A

Address Byte [0]R/W

R/W Data Byte [1] Data Byte [0]A A

Data Bytes read at Register Address:

    Target AddressS A Address Byte [1]

(0)

A

A Data Byte [0] A

Data Bytes written to Register Address + 2:

P

Data Byte [1] A Data Byte [0] A

R/W Data Byte [1] A Data Byte [0] AA

Data Bytes written to Register Address:

Address Byte [0]

Data Byte [1]

Data Bytes written to Register Address + 4:

A Data Byte [0] A

Data Bytes written to Register Address + (N-2):

Data Byte [1] A Data Byte [0] AData Byte [1]

Data Bytes written to Register Address + N:

Sr    Target AddressS A Address Byte [1]

(0)

A     Target Address A

(1)

A

AR/W R/WAddress Byte [0]

A Data Byte [0] A

Data Bytes read at Register Address:

P

Data Byte [1] A Data Byte [0] A

Data Bytes read at Register Address + 2:

A Data Byte [0] A

Data Bytes read at Register Address + (N-2):

Data Byte [1] A Data Byte [0]

Data Bytes read at Register Address + N:

Data Byte [1]

Data Byte [1]
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The SDO (data-output) pin supports the following behavior:

• If CS is asserted (Logic 0), the SDO output is actively driven when outputting data and is high impedance at other 
times. If CS is not asserted, the SDO output is high impedance.

• The high-impedance state of the SDO output allows the pin to be shared with other peripheral devices.
• The output (SDO) data bit is available to the host device at the rising edge of SCK. See Table 3-14 for timing 

information.

The SPI interface uses a 15-bit register address and 16-bit data words. Note that the full SPI message protocol also 
includes a read/write bit and a 16-bit padding phase (see Fig. 4-36 and Fig. 4-37).

Continuous read and write modes enable multiple register operations to be scheduled faster than is possible with single 
register operations. In these modes, the CS4304S automatically increments the register address at the end of each data 
word, for as long as SS is held low and SCK is toggled. Successive data words can be input/output every 16 clock cycles.

The SPI protocol is shown in Fig. 4-36 and Fig. 4-37.

Fig. 4-36 shows a single register write to a specified address.

Figure 4-36. Control Interface SPI Register Write

Fig. 4-37 shows a single register read from a specified address.

Figure 4-37. Control Interface SPI Register Read

Fig. 4-38 shows a multiple register write to a specified address.

Figure 4-38. Multiple-Register Write to Specified Address

Fig. 4-39 shows a multiple register read from a specified address.

Figure 4-39. Multiple-Register Read from Specified Address

A14SDI

SCK

15-bit register address 16-bit data word

R/W

SS

A13 X X XX B14 B0B1A1 A0 B15

16-bit padding

A14SDI

SCK

15-bit register address 16-bit data word

SDO

R/W

SS

A13 X X XX X XX

B14 B0B1

A1 A0 X

B15

16-bit padding

15-bit register address

Data written to Register Address:

0 16-bit padding 16-bit data word

R/W=0

SDI

Data written to Register Address + 2:

16-bit data word

Data written to Register Address + 4:

16-bit data word

etc.

15-bit register address

Data read from Register Address:

1 16-bit padding

16-bit data word

R/W=1

SDI

(SDO output is high impedance)SDO

Data read from Register Address + 2:

16-bit data word

Data read from Registe r Address + 4:

16-bit data word

(SDI input is ignored)

etc.
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4.10 General-Purpose Output
The CS4304S supports general-purpose outputs on selected digital I/O pins. General-purpose (GP) outputs can be used 
to provide hardware control signals to other devices.

The general-purpose outputs are multiplexed with other pin functions (e.g., I2C/SPI control port, or the audio serial port). 
Note that care must be taken not to configure a pin for GP output if the shared pin function is required.

Each pin is configured for GP output by setting the respective _FN bit as noted in Table 4-19. If a pin is configured for GP 
output, the logic output level is selected using the respective _LVL bit.

The drive strength of each GP output is configurable using the _DRV fields as noted in Table 4-20. Other digital outputs 
can be similarly configured. Note the _DRV field only has effect if the respective pin is configured as an output function.

Note: The _DRV fields are locked to prevent accidental adjustment. To allow write access to these fields, the user key 
must be set using the USER_KEY_CTRL field. The user key is set by writing 0xAA, followed by 0x55 to USER_
KEY_CTRL. The user key is cleared by writing any other value.

4.11 Device ID
The device ID, and other associated data, can be read from the control fields listed in Table 4-21.

Table 4-19.  General Purpose Output

Pin Name Power
Supply 1

1.The digital I/O logic levels for each pin are defined with respect to the applicable power supply. See Table 3-8 for details.

Pin Function
Select

Output Level
Select Notes

CONFIG5 VDD_A CONFIG5_FN CONFIG5_LVL GP output is not supported if the I2C control port 
(see Section 4.9.1) is used.

CONFIG4 VDD_A CONFIG4_FN CONFIG4_LVL
CONFIG3 VDD_IO CONFIG3_FN CONFIG3_LVL
CONFIG2 VDD_IO CONFIG2_FN CONFIG2_LVL
SPI_SCK VDD_IO SPI_SCK_FN SPI_SCK_LVL GP output is not supported if the SPI control port 

(see Section 4.9.2) is used.SPI_CS VDD_IO SPI_CS_FN SPI_CS_LVL
ASP_DIN4 VDD_IO ASP_DIN4_FN ASP_DIN4_LVL Refer to Section 4.7 to determine which pins are 

required for ASP output, depending on the 
applicable data format. Unused pins can be 
configured for GP output.

ASP_DIN3 VDD_IO ASP_DIN3_FN ASP_DIN3_LVL
ASP_DIN2 VDD_IO ASP_DIN2_FN ASP_DIN2_LVL

Table 4-20.  Output Drive Strength

Pin Name Drive Strength Configuration
CONFIG5 CONFIG5_DRV
CONFIG4/HGC_CS CONFIG4_DRV
CONFIG3/HGC_SDO CONFIG3_DRV
CONFIG2/HGC_SCK CONFIG2_DRV
SPI_SCK SPI_SCK_DRV
SPI_CS SPI_CS_DRV
SPI_SDI/I2C_SDA SPI_SDI_I2C_SDA_DRV
SPI_SDO/I2C_SCL SPI_SDO_I2C_SCL_DRV
ASP_BCLK ASP_BCLK_DRV
ASP_FSYNC ASP_FSYNC_DRV

Table 4-21.  Device ID

Label Description
DEVID Device ID
AREVID All-layer device revision
MTLREVID Metal-layer device revision
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5 Applications

5.1 Output Buffer Circuit
The analog output channels are supported using external buffer circuits. A typical buffer circuit is shown in Fig. 5-1, 
comprising current-to-voltage conversion and out-of-band filtering. The typical buffer circuit shown produces a 2 VRMS 
differential output from a full-scale (0 dBFS) digital input.

Figure 5-1. Differential Output Buffer

The full-scale output voltage is determined by the feedback resistor R1. The required value of R1 also depends on whether 
the outputs are configured in a summing configuration (see Section 4.5.3). The value of R1 can be calculated using the 
following equation:

Note: The number of outputs summed is 1, 2, or 4 depending on the applicable summing configuration.

The required value of R1 is shown in Table 5-1 for a range of typical operating configurations. Note that the THD+N 
performance may be degraded with increased full-scale output voltage.

A low-pass filter is provided using R1 and C2. The filter should be designed to provide a flat passband for the audio 
bandwidth, while attenuating out-of-band noise. The –3 dB cut-off frequency (FC) can be calculated using the following 
equation:

Table 5-1.  Feedback Resistor (R1) Selection

Output Summing 
Configuration

Full-Scale Output Voltage
2 VRMS 4 VRMS 8 VRMS

No summing 2.7 kΩ 5.6 kΩ 11 kΩ
2 outputs summed 1.4 kΩ 2.7 kΩ 5.6 kΩ
4 outputs summed 680 Ω 1.4 kΩ 2.7 kΩ

C3

R2
OUTnN

OUT+
–

+

OUTnP
OUT– 

+

–

DAC_VMID

47 pF

1 nF

100 

100 

C1

R2

R1

C2
270 pF

2.7 k

R1

C2
270 pF

2.7 k

R1 (k
Full-scale output voltage VRMS 

Number of outputs summed 0.75
--------------------------------------------------------------------------------------------=

FC
1

2R1C2
-----------------------=
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The recommended value of C2 is shown in Table 5-2 for different values of R1. The recommended configuration provides 
a –3 dB cut-off around 220 Hz.

Additional filtering is provided using R2 and C3. The recommended components attenuate out-of-band noise, while 
minimizing the capacitive loading on the op-amp device. Using the values shown, the –3 dB cut-off frequency (FC) can be 
calculated using the following equation:

The recommended value of C1 is 47 pF, assuming output summing is not used. If the outputs are configured in a summing 
configuration, C1 should be increased to 100 pF.

The DAC_VMID reference is provided as an output from the CS4304S. The DAC_VMID current (arising from capacitor 
leakage and the output-buffer circuits) must be less than the maximum output current specified in Table 3-9. If a larger 
current is required, an external VMID buffer should be used. See Table 3-9 for a buffered DAC_VMID circuit.

5.1.1 Recommended Components
To achieve the specified performance characteristics, the choice of external components should observe the following 
recommendations:

• Capacitors should be stable dielectric types, such as C0G (NP0) or electrolytic.
• Resistors should be low value where possible, to minimize thermal noise.
• Low-noise op-amps should be used, such as Texas Instruments OP1612 or OP1656. The op-amps should meet 

the minimum performance requirements noted in Table 5-3.

5.1.2 Unused Output Pins
The recommended output buffer circuit (see Fig. 5-1) provides a differential connection to the output pins OUTxP and 
OUTxN. Alternative output-buffer circuits may use only a single-ended connection to OUTxP or OUTxN. If a single-ended 
output configuration is used, the unused output pin must be connected to a buffered DAC_VMID reference. See Table 3-9 
for a buffered DAC_VMID circuit.

If one or more output channel is not used (disabled), the respective output pins OUTxP and OUTxN should be floating (no 
connection), as noted in Section 1.3.

Table 5-2.  Feedback Capacitor (C2) Selection

Feedback Resistor 
(R1)

Feedback Capacitor 
(C2) Cut-Off Frequency

11 kΩ 68 pF 212 kHz
5.6 kΩ 130 pF 218 kHz
2.7 kΩ 270 pF 218 kHz
1.4 kΩ 510 pF 222 kHz
680 Ω 1.1 nF 212 kHz

Table 5-3.  Op-Amp Specification

Parameter Specification
Input noise 5 nV/√Hz
Unity gain bandwidth 15 MHz
Slew rate 5 V/µs
Total harmonic distortion + noise (THD+N) –128 dB

FC
1

2R22C3
-------------------------- 1

2  100 2 1 10 9–
------------------------------------------------------------------- 795.8 kHz= = =
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6 Register Quick Reference
This section gives an overview of the control port registers. Refer to the following bit definition tables for bit assignment 
information.

This register view is for the CS4304S. 

• The register field default values are established upon the deassertion of the RESET pin or following soft reset.
• A "—" represents a reserved field/access type.
• The reserved field values must not be modified.
• The registers are 16 bits wide, and only word transactions are allowed.
• All visible fields are read/write except where indicated with the following shading:

6.1 DEVID

6.2 CONFIG

Read/write access Read-only access Write-only access User key password access

Table 6-1.  Block Base Addresses

Base Address Block Name Register Quick 
Reference

Register 
Description 
Reference

0x0000 0000 DEVID Section 6.1 Section 7.1
0x0000 0040 CONFIG Section 6.2 Section 7.2
0x0000 00C0 OUTPUT_PATH Section 6.3 Section 7.3
0x0000 0100 CTRL_KEYS Section 6.4 Section 7.4
0x0000 3D00 PIN_CONFIG Section 6.5 Section 7.5

Address Register 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0x0000 0000 DEVID DEVID

p. 46 0 1 0 0 0 0 1 1 1 0 1 1 0 1 0 0

0x0000 0004 REVID — AREVID MTLREVID
p. 46 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0

0x0000 0022 SW_RESET SW_RESET —

p. 46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Address Register 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0x0000 0040 CLK_CFG_0 — SYSCLK_

SRC
— PLL_REFCLK_FREQ — PLL_

REFCLK_
SRC

p. 47 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0

0x0000 0042 CLK_CFG_1 — SAMPLE_RATE
p. 47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

0x0000 0044 CHIP_ENABLE — GLOBAL_
EN

p. 47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x0000 0048 ASP_CFG — ASP_
BCLK_
INV

ASP_
PRIMARY

— ASP_BCLK_FREQ

p. 48 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x0000 0050 SIGNAL_PATH_
CFG

— ASP_CH_
REVERS

E

— ASP_TDM_SLOT ASP_FORMAT

p. 48 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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6.3 OUTPUT_PATH

6.4 CTRL_KEYS

Address Register 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0x0000 00C0 OUT_ENABLES — OUT4_

DAC_EN
OUT3_
DAC_EN

OUT2_
DAC_EN

OUT1_
DAC_EN

p. 49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x0000 00C2 OUT_RAMP_
SUM

OUT_SUM_MODE — OUT_RAMP_RATE_DEC — OUT_RAMP_RATE_INC
p. 49 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0

0x0000 00C4 OUT_DEEMPH — OUT_
DEEMPH
_FILT_
SEL

OUT_
DEEMPH
_EN

p. 49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x0000 00C6 OUT_FILTER — OUT_
HPF_EN

— OUT_FILTER_SEL —

p. 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x0000 00CA OUT_INV — OUT4_
INV

OUT3_
INV

OUT2_
INV

OUT1_
INV

p. 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x0000 00D0 OUT_VOL_
CTRL1_0

OUT1_
MUTE

— OUT1_VOL

p. 51 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x0000 00D2 OUT_VOL_
CTRL1_1

OUT2_
MUTE

— OUT2_VOL

p. 51 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x0000 00D4 OUT_VOL_
CTRL2_0

OUT3_
MUTE

— OUT3_VOL

p. 51 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x0000 00D6 OUT_VOL_
CTRL2_1

OUT4_
MUTE

— OUT4_VOL

p. 51 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x0000 00E0 OUT_VOL_
CTRL5

— OUT_VU
p. 52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x0000 00E4 SHUTDOWN_
CTRL

— DAC_
REF_

DISABLE
p. 52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x0000 00E6 STARTUP_
DELAY

— STARTU
P_

DELAY_
EN

STARTUP_DELAY_TIME

p. 52 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0

0x0000 00E8 DSD_CTRL — DSD_
PM_SEL

DSD_
PM_EN

DSD_
ZERODB

DSD_OSR DSD_EN

p. 52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x0000 00EC DSD_FILT — DSD_
HPF_EN

—

p. 53 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Address Register 15 … 8 7 6 5 4 3 2 1 0
0x0000 0104 USER_KEY_

CTRL
— USER_KEY_CTRL

p. 53 0x00 0 0 0 0 0 0 0 0

http://www.cirrus.com
https://tracker.cirrus.com/secure/CreateIssueDetails!Init.jspa?Create=Create&pid=16702&issuetype=3&priority=4&summary=[<Emerick2>+DSxxxxA4_draft+internal]&assignee=ph&components=27697


DS1388F1 45
Copyright © 2024–2025 Cirrus Logic, Inc. and Cirrus Logic International Semiconductor Ltd.

CS4304S
6.5 PIN_CONFIG

6.5 PIN_CONFIG

Address Register 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0x0000 3D10 PAD_DRV1_0 — ASP_FSYNC_DRV — ASP_BCLK_DRV —

p. 53 0 1 1 1 0 0 1 1 0 0 1 1 0 0 1 1

0x0000 3D12 PAD_DRV1_1 — SPI_SDI_I2C_SDA_DRV —

p. 54 0 0 1 1 0 1 1 1 0 1 1 1 0 1 1 1

0x0000 3D14 PAD_DRV2_0 — SPI_SCK_DRV — SPI_CS_DRV — SPI_SDO_I2C_SCL_DRV
p. 54 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1

0x0000 3D16 PAD_DRV2_1 — CONFIG5_DRV — CONFIG4_DRV — CONFIG3_DRV — CONFIG2_DRV
p. 54 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1

0x0000 3D24 PAD_FN — CONFIG5
_FN

CONFIG4
_FN

CONFIG3
_FN

CONFIG2
_FN

SPI_
SCK_FN

SPI_CS_
FN

ASP_
DIN4_FN

ASP_
DIN3_FN

ASP_
DIN2_FN

—

p. 55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0x0000 3D28 PAD_LVL — CONFIG5
_LVL

CONFIG4
_LVL

CONFIG3
_LVL

CONFIG2
_LVL

SPI_
SCK_LVL

SPI_CS_
LVL

ASP_
DIN4_LVL

ASP_
DIN3_LVL

ASP_
DIN2_LVL

—

p. 55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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7 Register Descriptions
This section describes each of the control port registers.

This register view is for the CS4304S. 

• The register field default values are established upon the deassertion of the RESET pin or following soft reset.
• A "—" represents a reserved field/access type.
• The reserved field values must not be modified.
• The registers are 16 bits wide, and only word transactions are allowed.
• All visible fields are read/write except where indicated with the following shading:

7.1 DEVID

Read/write access Read-only access Write-only access User key password access

7.1.1 DEVID Address: 0x0000 0000

RO 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DEVID

Default 0 1 0 0 0 0 1 1 1 0 1 1 0 1 0 0

Bits Name Description
15:0 DEVID This register indicates the Device ID CS4304S.

0x0000–0x43B3 = Reserved
0x43B4 = CS4304S

0x43B5–0xFFFF = Reserved

7.1.2 REVID Address: 0x0000 0004

RO 15…8 7 6 5 4 3 2 1 0
— AREVID MTLREVID

Default 0x00 1 0 1 0 0 0 0 0

Bits Name Description
15:8 — Reserved
7:4 AREVID This field indicates the all-layer device revision.

0x0–0x9 = Reserved
0xA = (Default) Revision Ax

0xB–0xF = Reserved

3:0 MTLREVID This field indicates the metal-layer device revision.
0x0 = (Default) Revision x0
0x1–0xF = Reserved

7.1.3 SW_RESET Address: 0x0000 0022

WO 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SW_RESET —

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits Name Description
15:8 SW_RESET Software Reset. Writing 0x5A triggers a reset.

0x00 = (Default) No action
0x01–0x59 = Reserved

0x5A = Software reset
0x5B–0xFF = Reserved

7:0 — Reserved
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7.2 CONFIG

7.2.1 CLK_CFG_0 Address: 0x0000 0040

RW 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

— SYSCLK_
SRC — PLL_REFCLK_FREQ —

PLL_
REFCLK_

SRC
Default 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0

Bits Name Description
15:13 — Reserved

12 SYSCLK_SRC System clock source. If MCLK is selected, the PLL is bypassed.
0 = MCLK
1 = (Default) PLL

11:6 — Reserved
5:4 PLL_REFCLK_FREQ PLL reference clock frequency. The selection must match the frequency of the selected input reference.

00 = 3.072/2.8224 MHz
01 = 6.144/5.6448 MHz

10 = 12.288/11.2896 MHz
11 = (Default) 24.576/22.5792 MHz

3:1 — Reserved
0 PLL_REFCLK_SRC PLL reference clock source. Note the BCLK reference is only valid in ASP Secondary Mode.

0 = (Default) BCLK
1 = MCLK

7.2.2 CLK_CFG_1 Address: 0x0000 0042

RW 15…8 7 6 5 4 3 2 1 0
— — SAMPLE_RATE

Default 0x00 0 0 0 0 0 0 0 1

Bits Name Description
15:3 — Reserved
2:0 SAMPLE_RATE Audio sample frequency. Note the sample rate must be integer-related to the system clock frequency. 

Auto-detect is only valid if sample rate = 32-192kHz, clock reference = MCLK, and the ASP is in Secondary 
Mode.

000 = 32 kHz
001 = (Default) 48/44.1 kHz
010 = 96/88.2 kHz
011 = 192/176.4 kHz

100 = 384/356.8 kHz
101 = 768/705.6 kHz
110 = Auto-detect
111 = Reserved

7.2.3 CHIP_ENABLE Address: 0x0000 0044

RW 15…8 7 6 5 4 3 2 1 0
— — GLOBAL_EN

Default 0x00 0 0 0 0 0 0 0 0

Bits Name Description
15:1 — Reserved

0 GLOBAL_EN Global enable. Set to 1 to configure and enable all functions. Clear to 0 to disable. Note the clocking and ASP 
control registers are only valid on the rising edge of GLOBAL_EN. It is recommended to select the disabled state 
(GLOBAL_EN=0) before writing to these registers.
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7.2.4 ASP_CFG Address: 0x0000 0048

RW 15…8 7 6 5 4 3 2 1 0
— — ASP_BCLK_INV ASP_PRIMARY — ASP_BCLK_FREQ

Default 0x00 0 0 0 0 0 0 0 0

Bits Name Description
15:7 — Reserved

6 ASP_BCLK_INV ASP BCLK polarity. Selects the valid BCLK edge for data sampling.
In non-inverted mode, DIN data is valid on BCLK rising edge. 
In inverted mode, DIN data is valid on BCLK falling edge.

0 = (Default) Non-inverted
1 = Inverted

5 ASP_PRIMARY ASP Primary/Secondary Mode select. In ASP Primary Mode, BCLK and FSYNC are outputs. In ASP Secondary 
Mode, BCLK and FSYNC are inputs.

0 = (Default) Secondary Mode
1 = Primary Mode

4:2 — Reserved
1:0 ASP_BCLK_FREQ ASP BCLK frequency. The BCLK frequency must be high enough to support the required number of data bits 

at the selected sample rate. Only valid in ASP Primary Mode.
Note the BCLK frequency is integer-related to the system clock frequency i.e., multiples of 3.072 MHz for 12.288 
/ 24.576 MHz system clock, or multiples of 2.8224 MHz for 11.2896 / 22.5792 MHz system clock.

00 = (Default) 3.072/2.8224 MHz
01 = 6.144/5.6448 MHz

10 = 12.288/11.2896 MHz
11 = 24.576/22.5792 MHz

7.2.5 SIGNAL_PATH_CFG Address: 0x0000 0050

RW 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

— ASP_CH_
REVERSE — ASP_TDM_SLOT ASP_FORMAT

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits Name Description
15:10 — Reserved

9 ASP_CH_REVERSE ASP channel-ordering reversal. Selects normal- or reverse-order ASP data format.
0 = (Default) Normal
1 = Reverse

8:6 — Reserved
5:3 ASP_TDM_SLOT TDM slot select. Configures which TDM slots are used in TDM maximum-time-slots mode.

Note the valid selections vary depending on whether the device is configured in 4-channel mode (default), or in 
2-channel summing mode.
In 4-channel mode (default), valid selections are 0x0, 0x2, 0x4, or 0x6 only.

000 = (Default) Slots 0-3 (4-ch), Slots 0-1 (2-ch)
001 = Slots 2-3 (2-ch)
010 = Slots 4-7 (4-ch), Slots 4-5 (2-ch)
011 = Slots 6-7 (2-ch)

100 = Slots 8-11 (4-ch), Slots 8-9 (2-ch)
101 = Slots 10-11 (2-ch)
110 = Slots 12-15 (4-ch), Slots 12-13 (2-ch)
111 = Slots 14-15 (2-ch)

2:0 ASP_FORMAT ASP data format. Selects how the audio samples are arranged within the FSYNC frame.
000 = (Default) I2S Mode
001 = Left-Justified Mode
010–101 = Reserved

110 = TDM Maximum Time Slots Mode
111 = TDM Minimum Time Slots Mode
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7.3.1 OUT_ENABLES Address: 0x0000 00C0

RW 15…8 7 6 5 4 3 2 1 0
— — OUT4_DAC_EN OUT3_DAC_EN OUT2_DAC_EN OUT1_DAC_EN

Default 0x00 0 0 0 0 0 0 0 0

Bits Name Description
15:4 — Reserved

3 OUT4_DAC_EN Channel 4 output enable.
0 = (Default) Disabled
1 = Enabled

2 OUT3_DAC_EN Channel 3 output enable.
0 = (Default) Disabled
1 = Enabled

1 OUT2_DAC_EN Channel 2 output enable.
0 = (Default) Disabled
1 = Enabled

0 OUT1_DAC_EN Channel 1 output enable.
0 = (Default) Disabled
1 = Enabled

7.3.2 OUT_RAMP_SUM Address: 0x0000 00C2

RW 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OUT_SUM_MODE — OUT_RAMP_RATE_DEC — OUT_RAMP_RATE_INC

Default 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0

Bits Name Description
15:13 OUT_SUM_MODE DAC output summing select. Combines the output paths in groups of two or four channels.

The grouped channels must be linked together at the respective inoutputput pins. The grouped paths are 
configured using the control registers associated with the respective summed channel number (1 to n).

000 = (Default) No summing of channels
001 = Outputs combined in groups of two. DAC1+DAC2, DAC3+DAC4
010 = Outputs combined in groups of four. DAC1+DAC2+DAC3+DAC4
011–111 = Reserved

12:7 — Reserved
6:4 OUT_RAMP_RATE_

DEC
DAC output volume decrease Ramp Rate (ms/6 dB), used for gain changes. This field should not be changed 
while a volume ramp is in progress.

000 = 0 ms
001 = 0.5 ms
010 = (Default) 1 ms
011 = 2 ms

100 = 4 ms
101 = 8 ms
110 = 15 ms
111 = 30 ms

3 — Reserved
2:0 OUT_RAMP_RATE_

INC
DAC output volume increase Ramp Rate (ms/6 dB), used for gain changes. This field should not be changed 
while a volume ramp is in progress.

000 = 0 ms
001 = 0.5 ms
010 = (Default) 1 ms
011 = 2 ms

100 = 4 ms
101 = 8 ms
110 = 15 ms
111 = 30 ms

7.3.3 OUT_DEEMPH Address: 0x0000 00C4

RW 15…8 7 6 5 4 3 2 1 0

— — OUT_DEEMPH_
FILT_SEL OUT_DEEMPH_EN

Default 0x00 0 0 0 0 0 0 0 0

Bits Name Description
15:2 — Reserved
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1 OUT_DEEMPH_
FILT_SEL

Deemphasis filter sample-rate selection.
0 = (Default) 44.1 kHz
1 = 48.0 kHz

0 OUT_DEEMPH_EN Deemphasis filter enable.
0 = (Default) Deemphasis disabled
1 = Deemphasis enabled

7.3.4 OUT_FILTER Address: 0x0000 00C6

RW 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

— OUT_
HPF_EN — OUT_FILTER_SEL —

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits Name Description
15:13 — Reserved

12 OUT_HPF_EN High-pass filter enable.
0 = (Default) HPF disabled
1 = HPF enabled

11 — Reserved
10:8 OUT_FILTER_SEL Digital filter select. Configures the interpolation filter.

000 = (Default) Minimum phase, Slow roll-off (44.1k-192k)
001 = Minimum phase, Fast roll-off (32k-48k)/Balanced roll-off (88.2k-768k)
010 = Linear phase, Slow roll-off (44.1k-192k)
011 = Linear phase, Fast roll-off (32k-48k)/Balanced roll-off (88.2k-768k)
100 = Reserved
101 = Minimum phase, Fast roll-off (88.2k-768k)
110 = Reserved
111 = Linear phase, Fast roll-off (88.2k-768k)

7:0 — Reserved

7.3.5 OUT_INV Address: 0x0000 00CA

RW 15…8 7 6 5 4 3 2 1 0
— — OUT4_INV OUT3_INV OUT2_INV OUT1_INV

Default 0x00 0 0 0 0 0 0 0 0

Bits Name Description
15:4 — Reserved

3 OUT4_INV Channel 4 DAC invert
0 = (Default) No inversion
1 = DAC data invert

2 OUT3_INV Channel 3 DAC invert
0 = (Default) No inversion
1 = DAC data invert

1 OUT2_INV Channel 2 DAC invert
0 = (Default) No inversion
1 = DAC data invert

0 OUT1_INV Channel 1 DAC invert
0 = (Default) No inversion
1 = DAC data invert

Bits Name Description
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7.3.6 OUT_VOL_CTRL1_0 Address: 0x0000 00D0

RW 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OUT1_
MUTE — OUT1_VOL

Default 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits Name Description
15 OUT1_MUTE DAC output channel 1 mute

0 = Unmute
1 = (Default) Mute

14:8 — Reserved
7:0 OUT1_VOL DAC output channel 1 Volume, –127.5dB to 0dB in 0.5dB steps

0x00 = (Default) 0.0 dB
0x01 = –0.5 dB

…
0xFF = –127.5 dB

7.3.7 OUT_VOL_CTRL1_1 Address: 0x0000 00D2

RW 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OUT2_
MUTE — OUT2_VOL

Default 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits Name Description
15 OUT2_MUTE DAC output channel 2 mute

0 = Unmute
1 = (Default) Mute

14:8 — Reserved
7:0 OUT2_VOL DAC output channel 2 Volume, –127.5dB to 0dB in 0.5dB steps

0x00 = (Default) 0.0 dB
0x01 = –0.5 dB

…
0xFF = –127.5 dB

7.3.8 OUT_VOL_CTRL2_0 Address: 0x0000 00D4

RW 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OUT3_
MUTE — OUT3_VOL

Default 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits Name Description
15 OUT3_MUTE DAC output channel 3 mute

0 = Unmute
1 = (Default) Mute

14:8 — Reserved
7:0 OUT3_VOL DAC output channel 3 Volume, –127.5dB to 0dB in 0.5dB steps

0x00 = (Default) 0.0 dB
0x01 = –0.5 dB

…
0xFF = –127.5 dB

7.3.9 OUT_VOL_CTRL2_1 Address: 0x0000 00D6

RW 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OUT4_
MUTE — OUT4_VOL

Default 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits Name Description
15 OUT4_MUTE DAC output channel 4 mute

0 = Unmute
1 = (Default) Mute

14:8 — Reserved
7:0 OUT4_VOL DAC output channel 4 Volume, –127.5dB to 0dB in 0.5dB steps

0x00 = (Default) 0.0 dB
0x01 = –0.5 dB

…
0xFF = –127.5 dB
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7.3.10 OUT_VOL_CTRL5 Address: 0x0000 00E0

WO 15…8 7 6 5 4 3 2 1 0
— — OUT_VU

Default 0x00 0 0 0 0 0 0 0 0

Bits Name Description
15:1 — Reserved

0 OUT_VU Global output volume update trigger
0 = (Default) No action
1 = Write 1 to trigger an update of all output volume/mute registers

7.3.11 SHUTDOWN_CTRL Address: 0x0000 00E4

RW 15…8 7 6 5 4 3 2 1 0
— — DAC_REF_DISABLE

Default 0x00 0 0 0 0 0 0 0 0

Bits Name Description
15:1 — Reserved

0 DAC_REF_DISABLE DAC reference shutdown control. Can be used to minimize power consumption if all output paths are disabled.
0 = (Default) Enable DAC reference
1 = Shutdown DAC reference

7.3.12 STARTUP_DELAY Address: 0x0000 00E6

RW 15…8 7 6 5 4 3 2 1 0

— — STARTUP_DELAY_
EN STARTUP_DELAY_TIME

Default 0x00 0 0 0 0 1 1 0 0

Bits Name Description
15:4 — Reserved

3 STARTUP_DELAY_
EN

Startup delay enable. Can be used to avoid raised noise floor during DAC reference start-up.
0 = Disabled
1 = (Default) Enabled

2:0 STARTUP_DELAY_
TIME

Startup delay time. Can be used to avoid raised noise floor during DAC reference start-up.
000 = 100 ms
001 = 250 ms
010 = 500 ms
011 = 750 ms

100 = (Default) 1 s
101 = 1.25 s
110 = 1.5 s
111 = 2 s

7.3.13 DSD_CTRL Address: 0x0000 00E8

RW 15…8 7 6 5 4 3 2 1 0
— — DSD_PM_SEL DSD_PM_EN DSD_ZERODB DSD_OSR DSD_EN

Default 0x00 0 0 0 0 0 0 0 0

Bits Name Description
15:7 — Reserved

6 DSD_PM_SEL DSD phase modulation mode clock rate select.
0 = (Default) DSD clock at 2 x OSR rate
1 = DSD clock at OSR rate

5 DSD_PM_EN DSD phase modulation enable.
0 = (Default) Disabled
1 = Enabled

4 DSD_ZERODB DSD input 0 dB level.
0 = (Default) SACD +3.1 dB level matches PCM 0 dBFS level
1 = SACD 0 dB level matches PCM 0 dBFS level
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3:1 DSD_OSR DSD oversample rate (OSR).
000 = (Default) 64 Fs
001 = 128 Fs
010 = 256 Fs

011 = Reserved
100 = 512 Fs
101–111 = Reserved

0 DSD_EN DSD interface enable. Selects ASP or DSD signal path.
0 = (Default) Select ASP path
1 = Select DSD path

7.3.14 DSD_FILT Address: 0x0000 00EC

RW 15…8 7 6 5 4 3 2 1 0
— — DSD_HPF_EN —

Default 0x00 0 0 0 1 0 0 0 0

Bits Name Description
15:5 — Reserved

4 DSD_HPF_EN DSD high-pass filter enable.
0 = Disabled
1 = (Default) Enabled

3:0 — Reserved

7.4.1 USER_KEY_CTRL Address: 0x0000 0104

WO 15…8 7 6 5 4 3 2 1 0
— USER_KEY_CTRL

Default 0x00 0 0 0 0 0 0 0 0

Bits Name Description
15:8 — Reserved
7:0 USER_KEY_CTRL User Key control – enables access to locked registers

Write 0xAA, then 0x55, to set the key (registers unlocked)
Write any other value to clear the key (registers locked)

7.5.1 PAD_DRV1_0 Address: 0x0000 3D10

RW 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— ASP_FSYNC_DRV — ASP_BCLK_DRV —

Default 0 1 1 1 0 0 1 1 0 0 1 1 0 0 1 1

Bits Name Description
15:11 — Reserved
10:8 ASP_FSYNC_DRV ASP_FSYNC output drive strength

000 = 2 mA
001 = 4 mA
010 = 6 mA
011 = (Default) 8 mA

100 = 10 mA
101 = 12 mA
110 = 14 mA
111 = 16 mA

7 — Reserved
6:4 ASP_BCLK_DRV ASP_BCLK output drive strength

000 = 2 mA
001 = 4 mA
010 = 6 mA
011 = (Default) 8 mA

100 = 10 mA
101 = 12 mA
110 = 14 mA
111 = 16 mA

3:0 — Reserved

Bits Name Description
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7.5.2 PAD_DRV1_1 Address: 0x0000 3D12

RW 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— SPI_SDI_I2C_SDA_DRV —

Default 0 0 1 1 0 1 1 1 0 1 1 1 0 1 1 1

Bits Name Description
15 — Reserved

14:12 SPI_SDI_I2C_SDA_
DRV

SPI_SDI/I2C_SDA output drive strength
000 = 2 mA
001 = 4 mA
010 = 6 mA
011 = (Default) 8 mA

100 = 10 mA
101 = 12 mA
110 = 14 mA
111 = 16 mA

11:0 — Reserved

7.5.3 PAD_DRV2_0 Address: 0x0000 3D14

RW 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— SPI_SCK_DRV — SPI_CS_DRV — SPI_SDO_I2C_SCL_DRV

Default 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1

Bits Name Description
15:11 — Reserved
10:8 SPI_SCK_DRV SPI_SCK output drive strength

000 = 2 mA
001 = 4 mA
010 = 6 mA
011 = (Default) 8 mA

100 = 10 mA
101 = 12 mA
110 = 14 mA
111 = 16 mA

7 — Reserved
6:4 SPI_CS_DRV SPI_CS output drive strength

000 = 2 mA
001 = 4 mA
010 = 6 mA
011 = (Default) 8 mA

100 = 10 mA
101 = 12 mA
110 = 14 mA
111 = 16 mA

3 — Reserved
2:0 SPI_SDO_I2C_SCL_

DRV
SPI_SDO/I2C_SCL output drive strength

000 = 2 mA
001 = 4 mA
010 = 6 mA
011 = (Default) 8 mA

100 = 10 mA
101 = 12 mA
110 = 14 mA
111 = 16 mA

7.5.4 PAD_DRV2_1 Address: 0x0000 3D16

RW 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— CONFIG5_DRV — CONFIG4_DRV — CONFIG3_DRV — CONFIG2_DRV

Default 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1

Bits Name Description
15 — Reserved

14:12 CONFIG5_DRV CONFIG5 output drive strength
000 = 2 mA
001 = 4 mA
010 = 6 mA
011 = (Default) 8 mA

100 = 10 mA
101 = 12 mA
110 = 14 mA
111 = 16 mA

11 — Reserved
10:8 CONFIG4_DRV CONFIG4 output drive strength

000 = 2 mA
001 = 4 mA
010 = 6 mA
011 = (Default) 8 mA

100 = 10 mA
101 = 12 mA
110 = 14 mA
111 = 16 mA

7 — Reserved
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6:4 CONFIG3_DRV CONFIG3 output drive strength
000 = 2 mA
001 = 4 mA
010 = 6 mA
011 = (Default) 8 mA

100 = 10 mA
101 = 12 mA
110 = 14 mA
111 = 16 mA

3 — Reserved
2:0 CONFIG2_DRV CONFIG2 output drive strength

000 = 2 mA
001 = 4 mA
010 = 6 mA
011 = (Default) 8 mA

100 = 10 mA
101 = 12 mA
110 = 14 mA
111 = 16 mA

7.5.5 PAD_FN Address: 0x0000 3D24

RW 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

— CONFIG5_
FN

CONFIG4_
FN

CONFIG3_
FN

CONFIG2_
FN

SPI_SCK_
FN

SPI_CS_
FN

ASP_
DIN4_FN

ASP_
DIN3_FN

ASP_
DIN2_FN —

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits Name Description
15:10 — Reserved

9 CONFIG5_FN CONFIG5 pin function select
0 = (Default) HW config
1 = GP output

8 CONFIG4_FN CONFIG4 pin function select
0 = (Default) HW config
1 = GP output

7 CONFIG3_FN CONFIG3 pin function select
0 = (Default) HW config
1 = GP output

6 CONFIG2_FN CONFIG2 pin function select
0 = (Default) HW config
1 = GP output

5 SPI_SCK_FN SPI_SCK pin function select
0 = (Default) SPI_SCK
1 = GP output

4 SPI_CS_FN SPI_CS pin function select
0 = (Default) SPI_CS
1 = GP output

3 ASP_DIN4_FN ASP_DIN4 pin function select
0 = (Default) ASP_DIN4
1 = GP output

2 ASP_DIN3_FN ASP_DIN3 pin function select
0 = (Default) ASP_DIN3
1 = GP output

1 ASP_DIN2_FN ASP_DIN2 pin function select
0 = (Default) ASP_DIN2
1 = GP output

0 — Reserved

7.5.6 PAD_LVL Address: 0x0000 3D28

RW 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

— CONFIG5_
LVL

CONFIG4_
LVL

CONFIG3_
LVL

CONFIG2_
LVL

SPI_SCK_
LVL

SPI_CS_
LVL

ASP_
DIN4_LVL

ASP_
DIN3_LVL

ASP_
DIN2_LVL —

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits Name Description
15:10 — Reserved

9 CONFIG5_LVL CONFIG5 output level. Sets the output level if CONFIG5 is configured as GP output.
0 = (Default) Logic 0
1 = Logic 1

Bits Name Description
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7.5 PIN_CONFIG

8 CONFIG4_LVL CONFIG4 output level. Sets the output level if CONFIG4 is configured as GP output.
0 = (Default) Logic 0
1 = Logic 1

7 CONFIG3_LVL CONFIG3 output level. Sets the output level if CONFIG3 is configured as GP output.
0 = (Default) Logic 0
1 = Logic 1

6 CONFIG2_LVL CONFIG2 output level. Sets the output level if CONFIG2 is configured as GP output.
0 = (Default) Logic 0
1 = Logic 1

5 SPI_SCK_LVL SPI_SCK output level. Sets the output level if SPI_SCK is configured as GP output.
0 = (Default) Logic 0
1 = Logic 1

4 SPI_CS_LVL SPI_CS output level. Sets the output level if SPI_CS is configured as GP output.
0 = (Default) Logic 0
1 = Logic 1

3 ASP_DIN4_LVL ASP_DIN4 output level. Sets the output level if ASP_DIN4 is configured as GP output.
0 = (Default) Logic 0
1 = Logic 1

2 ASP_DIN3_LVL ASP_DIN3 output level. Sets the output level if ASP_DIN3 is configured as GP output.
0 = (Default) Logic 0
1 = Logic 1

1 ASP_DIN2_LVL ASP_DIN2 output level. Sets the output level if ASP_DIN2 is configured as GP output.
0 = (Default) Logic 0
1 = Logic 1

0 — Reserved

Bits Name Description
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8 Performance Plots

8.1 DAC Filter Response
The DAC filter performance is described in this section. Note that the group-delay plots represent the filter only—see 
Table 3-5 for full-path latency.

DAC Filter Response—Fast Roll-Off, 32 kHz Sample Rate

Figure 8-1. Passband Magnitude Figure 8-2. Stopband Magnitude

Figure 8-3. Impulse Response—Linear Phase Figure 8-4. Impulse Response—Minimum Phase

Figure 8-5. Phase vs. Frequency Figure 8-6. Group Delay vs. Frequency
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8.1 DAC Filter Response

DAC Filter Response—Fast Roll-Off, 48 kHz Sample Rate

Figure 8-7. Passband Magnitude Figure 8-8. Stopband Magnitude

Figure 8-9. Impulse Response—Linear Phase Figure 8-10. Impulse Response—Minimum Phase

Figure 8-11. Phase vs. Frequency Figure 8-12. Group Delay vs. Frequency
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8.1 DAC Filter Response

DAC Filter Response—Slow Roll-Off, 48 kHz Sample Rate

Figure 8-13. Passband Magnitude Figure 8-14. Stopband Magnitude

Figure 8-15. Impulse Response—Linear Phase Figure 8-16. Impulse Response—Minimum Phase

Figure 8-17. Phase vs. Frequency Figure 8-18. Group Delay vs. Frequency
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DAC Filter Response—Fast Roll-Off, 96 kHz Sample Rate

Figure 8-19. Passband Magnitude Figure 8-20. Stopband Magnitude

Figure 8-21. Impulse Response—Linear Phase Figure 8-22. Impulse Response—Minimum Phase

Figure 8-23. Phase vs. Frequency Figure 8-24. Group Delay vs. Frequency
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DAC Filter Response—Slow Roll-Off, 96 kHz Sample Rate

Figure 8-25. Passband Magnitude Figure 8-26. Stopband Magnitude

Figure 8-27. Impulse Response—Linear Phase Figure 8-28. Impulse Response—Minimum Phase

Figure 8-29. Phase vs. Frequency Figure 8-30. Group Delay vs. Frequency
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DAC Filter Response—Balanced Roll-Off, 96 kHz Sample Rate

Figure 8-31. Passband Magnitude Figure 8-32. Stopband Magnitude

Figure 8-33. Impulse Response—Linear Phase Figure 8-34. Impulse Response—Minimum Phase

Figure 8-35. Phase vs. Frequency Figure 8-36. Group Delay vs. Frequency
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8.1 DAC Filter Response

DAC Filter Response—Fast Roll-Off, 192 kHz Sample Rate

Figure 8-37. Passband Magnitude Figure 8-38. Stopband Magnitude

Figure 8-39. Impulse Response—Linear Phase Figure 8-40. Impulse Response—Minimum Phase

Figure 8-41. Phase vs. Frequency Figure 8-42. Group Delay vs. Frequency
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DAC Filter Response—Slow Roll-Off, 192 kHz Sample Rate

Figure 8-43. Passband Magnitude Figure 8-44. Stopband Magnitude

Figure 8-45. Impulse Response—Linear Phase Figure 8-46. Impulse Response—Minimum Phase

Figure 8-47. Phase vs. Frequency Figure 8-48. Group Delay vs. Frequency
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DAC Filter Response—Balanced Roll-Off, 192 kHz Sample Rate

Figure 8-49. Passband Magnitude Figure 8-50. Stopband Magnitude

Figure 8-51. Impulse Response—Linear Phase Figure 8-52. Impulse Response—Minimum Phase

Figure 8-53. Phase vs. Frequency Figure 8-54. Group Delay vs. Frequency
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DAC Filter Response—Fast Roll-Off, 384 kHz Sample Rate

Figure 8-55. Passband Magnitude Figure 8-56. Stopband Magnitude

Figure 8-57. Impulse Response—Linear Phase Figure 8-58. Impulse Response—Minimum Phase

Figure 8-59. Phase vs. Frequency Figure 8-60. Group Delay vs. Frequency
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DAC Filter Response—Balanced Roll-Off, 384 kHz Sample Rate

Figure 8-61. Passband Magnitude Figure 8-62. Stopband Magnitude

Figure 8-63. Impulse Response—Linear Phase Figure 8-64. Impulse Response—Minimum Phase

Figure 8-65. Phase vs. Frequency Figure 8-66. Group Delay vs. Frequency
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8.1 DAC Filter Response

DAC Filter Response—Fast Roll-Off, 768 kHz Sample Rate

Figure 8-67. Passband Magnitude Figure 8-68. Stopband Magnitude

Figure 8-69. Impulse Response—Linear Phase Figure 8-70. Impulse Response—Minimum Phase

Figure 8-71. Phase vs. Frequency Figure 8-72. Group Delay vs. Frequency
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8.1 DAC Filter Response

DAC Filter Response—Balanced Roll-Off, 768 kHz Sample Rate

Figure 8-73. Passband Magnitude Figure 8-74. Stopband Magnitude

Figure 8-75. Impulse Response—Linear Phase Figure 8-76. Impulse Response—Minimum Phase

Figure 8-77. Phase vs. Frequency Figure 8-78. Group Delay vs. Frequency
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9 Thermal Characteristics

9 Thermal Characteristics

10 Package Dimensions

Figure 10-1. QFN Package Drawing

Table 9-1.  Typical JEDEC Four-Layer, 2s2p Board Thermal Characteristics

Parameter Symbol QFN Units
Junction-to-ambient thermal resistance θJA 21.93 °C/W
Junction-to-board thermal resistance θJB 9.19 °C/W
Junction-to-case (top) thermal resistance θJC 97.04 °C/W
Junction-to-board thermal-characterization parameter ΨJB 8.73 °C/W
Junction-to-package-top thermal-characterization parameter ΨJT 2.93 °C/W
Notes: 
 • Natural convection at the maximum recommended operating temperature TA (see Table 3-2)
 • Four-layer, 2s2p PCB as specified by JESD51–9 and JESD51–11; dimensions: 101.5 x 114.5 x 1.6 mm
 • Thermal parameters as defined by JESD51–12
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11 Package Marking

Figure 11-1. Package Marking

12 Ordering Information

13 References
• NXP Semiconductors, UM10204 Rev. 7, October 2021, I2C-Bus Specification and User Manual,

http://www.nxp.com

14 Revision History

Table 12-1.  Ordering Information

Product Description Package RoHS 
Compliant Grade Temperature

Range Container Orderable
Part Number

CS4304S High Performance 
Multichannel Audio DAC

48-pin QFN Yes Commercial –40 to +85°C Tray CS4304S–DN

CS4304S High Performance 
Multichannel Audio DAC

48-pin QFN Yes Commercial –40 to +85°C Tape and 
Reel

CS4304S–DNR

Table 14-1.  Revision History

Revision Changes
F1

JUL 2025
 • Initial production release

Important: Please check www.cirrus.com or with your Cirrus Logic sales representative to confirm that you are using the latest revision of this 
document and to determine whether there are errata associated with this device.

Package Mark Fields
CC = Cirrus Logic Index Code
RR = Device revision code
LL = Lot sequence code
YY = Year of manufacture
WW = Work week of manufacture

Pin 1 Location Indicator

Top Side Brand
Line 1: Part number
Line 2: Package mark
Line 3: Country of origin (CO)
Line 4: Encoded wafer/device ID

CS4304S–DN
CCRRLLYYWW

CO
ZZZZZ
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Contacting Cirrus Logic Support
For all product questions and inquiries, contact a Cirrus Logic Sales Representative.
To find one nearest you, go to www.cirrus.com.
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warranty, indemnification, and limitation of liability. Software is provided pursuant to applicable license terms. Cirrus Logic reserves the right to make changes to 
its products and specifications or to discontinue any product or service. Customers should therefore obtain the latest version of relevant information from Cirrus 
Logic to verify that the information is current and complete. Testing and other quality control techniques are utilized to the extent Cirrus Logic deems necessary. 
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other copying such as copying for general distribution, advertising or promotional purposes, or for creating any work for resale. This document and its information 
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