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PCM1798 24-Bit, 192-kHz Sampling, Advanced Segment,
Audio Stereo Digital-to-Analog Converter

1 Features 2 Applications
1• 24-Bit Resolution • A/V Receivers
• Analog Performance: • DVD Players

• Musical Instruments– Dynamic Range: 123 dB
• HDTV Receivers– THD+N: 0.0005%
• Car Audio Systems• Differential Current Output: 4 mAp-p
• Digital Multitrack Recorders• 8× Oversampling Digital Filter:
• Other Applications Requiring 24-Bit Audio– Stop-Band Attenuation: –98 dB

– Pass-Band Ripple: ±0.0002 dB
3 Description• Sampling Frequency: 10 kHz to 200 kHz
The PCM1798 device is a monolithic CMOS• System Clock: 128, 192, 256, 384, 512, or 768 fS integrated circuit that includes stereo digital-to-analog

With Autodetect converters (DACs) and support circuitry in a small 28-
• Accepts 16- and 24-Bit Audio Data lead SSOP package. The data converters use TI’s

advanced segment DAC architecture to achieve• PCM Data Formats: Standard, I2S, and Left-
excellent dynamic performance and improvedJustified
tolerance to clock jitter. The PCM1798 device

• Interface Available for Optional External Digital provides balanced current outputs, allowing the user
Filter or DSP to optimize analog performance externally. Sampling

rates up to 200 kHz are supported.• Digital De-Emphasis
• Digital Filter Rolloff: Sharp or Slow

Device Information(1)
• Soft Mute

PART NUMBER PACKAGE BODY SIZE (NOM)
• Zero Flag

PCM1798 SSOP (28) 10.20 mm × 5.30 mm
• Dual-Supply Operation: 5-V Analog, 3.3-V Digital

(1) For all available packages, see the orderable addendum at
• 5-V Tolerant Digital Inputs the end of the data sheet.
• Small 28-Lead SSOP Package
• Pin Assignment Compatible With PCM1794

Block Diagram

1

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

DB Package
28-Lead SSOP

Top View

Pin Functions
PIN

I/O DESCRIPTION
NAME NO.
AGND1 19 — Analog ground (internal bias)
AGND2 24 — Analog ground (internal bias)
AGND3L 27 — Analog ground (L-channel DACFF)
AGND3R 16 — Analog ground (R-channel DACFF)
BCK 6 Input Bit clock input (1)

CHSL 2 Input L-, R-channel select (1)

DATA 5 Input Serial audio data input (1)

DEM 3 Input De-emphasis enable (1)

DGND 8 — Digital ground
FMT0 11 Input Audio data format select (1)

FMT1 12 Input Audio data format select (1)

IOUTL+ 25 Output L-channel analog current output +
IOUTL– 26 Output L-channel analog current output –
IOUTR+ 17 Output R-channel analog current output +
IOUTR– 18 Output R-channel analog current output –
IREF 20 — Output current reference bias pin
LRCK 4 Input Left and right clock (fS) input (1)

MONO 1 Input Monaural mode enable (1)

MUTE 10 Input Mute control (1)

RST 14 Input Reset (1)

SCK 7 Input System clock input (1)

VCC1 23 — Analog power supply, 5 V
VCC2L 28 — Analog power supply (L-channel DACFF), 5 V
VCC2R 15 — Analog power supply (R-cahnnel DACFF), 5 V
VCOML 22 — L-channel internal bias decoupling pin
VCOMR 21 — R-channel internal bias decoupling pin
VDD 9 — Digital power supply, 3.3 V
ZERO 13 Output Zero flag

(1) Schmitt-trigger input, 5-V tolerant

Copyright © 2003–2015, Texas Instruments Incorporated Submit Documentation Feedback 3

Product Folder Links: PCM1798



PCM1798
SLES102B –DECEMBER 2003–REVISED MARCH 2015 www.ti.com

6 Specifications

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

MIN MAX UNIT
VCC1, VCC2L, VCC2R –0.3 6.5

Supply voltage V
VDD –0.3 4

Supply voltage differences: VCC1, VCC2L, VCC2R ±0.1 V
Ground voltage differences: AGND1, AGND2, AGND3L, AGND3R, DGND ±0.1 V

LRCK, DATA, BCK, SCK, FMT1, FMT0, MONO, CHSL, DEM, MUTE, –0.3 6.5Digital input RST Vvoltage
ZERO –0.3 (VDD + 0.3 V) < 4

Analog input voltage –0.3 (VCC + 0.3 V) < 6.5 V
Input current (any pins except supplies) ±10 mA
Ambient temperature under bias –40 125 °C
Junction temperature 150 °C
Package temperature (IR reflow, peak) 260 °C
Storage temperature, Tstg –55 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6.2 ESD Ratings
VALUE UNIT

Human body model (HBM), per ANSI/ESDA/JEDEC JS-001 (1) ±3000
V(ESD) Electrostatic discharge VCharged-device model (CDM), per JEDEC specification JESD22- ±1500

C101 (2)

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

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VDD Digital supply voltage 3.0 3.3 3.6 V
VCC1
VCC2L Analog supply voltage 4.7525 5 5.25 V
VCC2R
Operating temperature –25 85 °C

6.4 Thermal Information
PCM1798

THERMAL METRIC (1) DB (SSOP) UNIT
28 PINS

RθJA Junction-to-ambient thermal resistance 70.4
RθJC(top) Junction-to-case (top) thermal resistance 29.2
RθJB Junction-to-board thermal resistance 31.5

°C/W
ψJT Junction-to-top characterization parameter 3.1
ψJB Junction-to-board characterization parameter 31.1
RθJC(bot) Junction-to-case (bottom) thermal resistance n/a

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report (SPRA953).
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6.5 Electrical Characteristics
All specifications at TA = 25°C, VCC1 = VCC2L = VCC2R = 5 V, VDD = 3.3 V, fS = 44.1 kHz, system clock = 256 fS, and 24-bit
data (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Resolution 24 Bits
DATA FORMAT

Audio data interface format Standard, I2S, left-justified
Audio data bit length 16-, 24-bit selectable
Audio data format MSB first, 2s complement

fS Sampling frequency 10 200 kHz
System clock frequency 128, 192, 256, 384, 512, 768 fS

DIGITAL INPUT/OUTPUT
Logic family TTL compatible

VIH 2
Input logic level VDC

VIL 0.8
IIH VIN = VDD 10

Input logic current µA
IIL VIN = 0 V –10
VOH IOH = –2 mA 2.4

Output logic level VDC
VOL IOL = 2 mA 0.4
DYNAMIC PERFORMANCE (1) (2)

fS = 44.1 kHz 0.0005% 0.001%
THD+N at VOUT = 0 dB fS = 96 kHz 0.00%

fS = 192 kHz 0.0015%
EIAJ, A-weighted, fS = 44.1 kHz 120 123

Dynamic range EIAJ, A-weighted, fS = 96 kHz 123 dB
EIAJ, A-weighted, fS = 192 kHz 123
EIAJ, A-weighted, fS = 44.1 kHz 120 123

Signal-to-noise ratio EIAJ, A-weighted, fS = 96 kHz 123 dB
EIAJ, A-weighted, fS = 192 kHz 123
fS = 44.1 kHz 116 119

Channel separation fS = 96 kHz 118 dB
fS = 192 kHz 117

Level linearity error VOUT = –120 dB ±1 dB
DYNAMIC PERFORMANCE (MONO MODE) (1) (2) (3)

fS = 44.1 kHz 0.0005%
THD+N at VOUT = 0 dB fS = 96 kHz 0.001%

fS = 192 kHz 0.0015%
EIAJ, A-weighted, fS = 44.1 kHz 126

Dynamic range EIAJ, A-weighted, fS = 96 kHz 126 dB
EIAJ, A-weighted, fS = 192 kHz 126
EIAJ, A-weighted, fS = 44.1 kHz 126

Signal-to-noise ratio EIAJ, A-weighted, fS = 96 kHz 126 dB
EIAJ, A-weighted, fS = 192 kHz 126

(1) Filter conditions:
THD+N: 20-Hz HPF, 20-kHz AES17 LPF
Dynamic range: 20-Hz HPF, 20-kHz AES17 LPF, A-weighted
Signal-to-noise ratio: 20-Hz HPF, 20-kHz AES17 LPF, A-weighted
Channel separation: 20-Hz HPF, 20-kHz AES17 LPF
Analog performance specifications are measured using the System Two™ Cascade audio measurement system by Audio Precision™ in
the averaging mode.

(2) Dynamic performance and dc accuracy are specified at the output of the post amplifier as shown in Figure 32.
(3) Dynamic performance and dc accuracy are specified at the output of the measurement circuit as shown in Figure 33.

Copyright © 2003–2015, Texas Instruments Incorporated Submit Documentation Feedback 5
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Electrical Characteristics (continued)
All specifications at TA = 25°C, VCC1 = VCC2L = VCC2R = 5 V, VDD = 3.3 V, fS = 44.1 kHz, system clock = 256 fS, and 24-bit
data (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ANALOG OUTPUT

% ofGain error –7 ±2 7 FSR
Gain mismatch, channel-to- % of–3 ±0.5 3channel FSR

% ofBipolar zero error At BPZ –2 ±0.5 2 FSR
Output current Full scale (0 dB) 4 mAp-p
Center current At BPZ –3.5 mA

DIGITAL FILTER PERFORMANCE
De-emphasis error ±0.1 dB

FILTER CHARACTERISTICS–1: SHARP ROLLOFF
±0.0002 dB 0.454 fS

Pass band –3 dB 0.49 fS
Stop band 0.546 fS
Pass-band ripple ±0.0002 dB
Stop-band attenuation Stop band = 0.546 fS –98 dB
Delay time 38/fS s

FILTER CHARACTERISTICS–2: SLOW ROLLOFF
±0.001 dB 0.21 fSPass band
–3 dB 0.448 fS

Stop band 0.79 fS
Pass-band ripple ±0.001 dB
Stop-band attenuation Stop band = 0.732 fS –80 dB
Delay time 38/fS s

POWER SUPPLY REQUIREMENTS
VDD 36 3.3 3.6
VCC1

Voltage range VDC
VCC2L 4.7525 5 5.25
VCC2R

fS = 44.1 kHz 7 9
IDD fS = 96 kHz 13 mA

fS = 192 kHz 25
Supply current (4)

fS = 44.1 kHz 18 23
ICC fS = 96 kHz 19 mA

fS = 192 kHz 20
fS = 44.1 kHz 115 150

Power dissipation (4) fS = 96 kHz 140 mW
fS = 192 kHz 180

TEMPERATURE RANGE
Operation temperature –25 85 °C

(4) Input is BPZ data.
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6.6 Timing Requirements
MIN MAX UNIT

SYSTEM CLOCK INPUT TIMING
t(SCY) System clock pulse cycle time 13 ns
t(SCKH) System clock pulse duration, HIGH 0.4t(SCY) ns
t(SCKL) System clock pulse duration, LOW 0.4t(SCY) ns
EXTERNAL RESET TIMING
t(RST) Reset pulse duration, Low 20 ns
TIMING OF AUDIO INTERFACE
t(BCY) BCK pulse cycle time 70 ns
t(BCL) BCK pulse duration, LOW 30 ns
t(BCH) BCK pulse duration, HIGH 30 ns
t(BL) BCK rising edge to LRCK edge 10 ns
t(LB) LRCK edge to BCK rising edge 10 ns
t(DS) DATA setup time 10 ns
t(DH) DATA hold time 10 ns

LRCK clock data 50% ± 2 bit clocks
AUDIO INTERFACE TIMING FOR EXTERNAL DIGITAL FILTER
t(BCY) BCK pulse cycle time 20 ns
t(BCL) BCK pulse duration, LOW 7 ns
t(BCH) BCK pulse duration, HIGH 7 ns
t(BL) BCK rising edge to WDCK falling edge 5 ns
t(LB) WDCK falling edge to BCK rising edge 5 ns
t(DS) DATA setup time 5 ns
t(DH) DATA hold time 5 ns

Figure 1. System Clock Input Timing

Figure 2. Power-On Reset Timing

Copyright © 2003–2015, Texas Instruments Incorporated Submit Documentation Feedback 7
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Figure 3. External Reset Timing

Figure 4. Timing of Audio Interface

(1) Standard Data Format (Right-Justified); L-Channel = HIGH, R-Channel = LOW

Figure 5. Auto Data Input Format (1 of 3)
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(2) Left-Justified Data Format; L-Channel = HIGH, R-Channel = LOW

Figure 6. Auto Data Input Format (2 of 3)

(3) I2S Data Format; L-Channel = LOW, R-Channel = HIGH

Figure 7. Auto Data Input Format (3 of 3)

Figure 8. Audio Interface Timing for External Digital Filter (Internal DF Bypass Mode) Application
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6.7 Typical Characteristics for Digital Filter

Pass-Band Ripple, Sharp RolloffFrequency Response, Sharp Rolloff

Figure 10. Amplitude vs FrequencyFigure 9. Amplitude vs Frequency

Frequency Response, Slow Rolloff Transition Characteristics, Slow Rolloff

Figure 11. Amplitude vs Frequency Figure 12. Amplitude vs Frequency

Figure 13. De-emphasis Level vs Frequency Figure 14. De-emphasis Error vs Frequency
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6.7.1 Analog Dynamic Performance

NOTE: PCM mode, TA = 25°C, VDD = 3.3 V, measurement circuit NOTE: PCM mode, TA = 25°C, VDD = 3.3 V, measurement circuit
is Figure 32. is Figure 32.

Figure 15. Total Harmonic Distortion + Noise Figure 16. Dynamic Range vs Supply Voltage
vs Supply Voltage

NOTE: PCM mode, TA = 25°C, VDD = 3.3 V, measurement circuit NOTE: PCM mode, TA = 25°C, VDD = 3.3 V, measurement circuit
is Figure 32. is Figure 32.

Figure 17. Signal-to-Noise Ratio vs Supply Voltage Figure 18. Channel Separation vs Supply Voltage

NOTE: PCM mode, VDD = 3.3 V, VCC = 5 V, measurement circuit NOTE: PCM mode, VDD = 3.3 V, VCC = 5 V, measurement circuit
is Figure 32. is Figure 32.

Figure 19. Total Harmonic Distortion + Noise Figure 20. Dynamic Range vs Free-air Temperature
vs Free-air Temperature
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Analog Dynamic Performance (continued)

NOTE: PCM mode, VDD = 3.3 V, VCC = 5 V, measurement circuit NOTE: PCM mode, VDD = 3.3 V, VCC = 5 V, measurement circuit
is Figure 32. is Figure 32.

Figure 21. Signal-to-noise Ratio vs Free-air Temperature Figure 22. Channel Separation vs Free-air Temperature

NOTE: fS = 48 kHz, 32768 point 8 average, TA = 25°C, NOTE: fS = 96 kHz, 32768 point 8 average, TA = 25°C,
VDD = 3.3 V, VCC = 5 V, measurement circuit is Figure 32. VDD = 3.3 V, VCC = 5 V, measurement circuit is Figure 32.

Figure 23. Amplitude vs Frequency Figure 24. Amplitude vs Frequency

NOTE: fS = 48 kHz, TA = 25°C, VDD = 3.3 V, VCC = 5 V, measurement circuit is Figure 32.

Figure 25. Total Harmonic Distortion + Noise vs Input Level
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7 Detailed Description

7.1 Overview
The PCM1798 is a 24-bit, 192-kHz, differential current output DAC that comes in a 28-pin SSOP package. The
PCM1798 is a hardware controlled and utilizes the advanced segment DAC architecture from TI in order to
perform with a Stereo Dynamic Range of 123 dB (126 dB Mono) and SNR of 123 dB (126 dB Mono) with a THD
of 0.0005%. The PCM1798 will use the SCK input as its system clock and automatically detect the sampling rate
of the Digital Audio input and has a high tolerance for clock jitter. The internal filter can be bypassed to allow for
an external digital filter to be used.

7.2 Functional Block Diagram

7.3 Feature Description

7.3.1 System Clock and Reset Functions

7.3.1.1 System Clock Input
The PCM1798 requires a system clock for operating the digital interpolation filters and advanced segment DAC
modulators. The system clock is applied at the SCK input (pin 7). The PCM1798 has a system clock detection
circuit that automatically senses the frequency at which the system clock is operating. Table 1 shows examples
of system clock frequencies for common audio sampling rates.
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Feature Description (continued)
Figure 1 shows the timing requirements for the system clock input. For optimal performance, it is important to
use a clock source with low phase jitter and noise. One of the Texas Instruments PLL1700 family of multiclock
generators is an excellent choice for providing the PCM1798 system clock.

Table 1. System Clock Rates for Common Audio Sampling Frequencies
SYSTEM CLOCK FREQUENCY (fSCK) (MHz)

SAMPLING FREQUENCY
128 fS 192 fS 256 fS 384 fS 512 fS 768 fS

32 kHz 4.096 6.144 8.192 12.288 16.384 24.576
44.1 kHz 5.6488 8.4672 11.2896 16.9344 22.5792 33.8688
48 kHz 6.144 9.216 12.288 18.432 24.576 36.864
96 kHz 12.288 18.432 24.576 36.864 49.152 73.728

192 kHz 24.576 36.864 49.152 73.728 See (1) See (1)

(1) This system clock rate is not supported for the given sampling frequency.

7.3.2 Power-On and External Reset Functions
The PCM1798 includes a power-on reset function. Figure 2 shows the operation of this function. With VDD > 2 V,
the power-on reset function is enabled. The initialization sequence requires 1024 system clocks from the time
VDD > 2 V.

The PCM1798 also includes an external reset capability using the RST input (pin 14). This allows an external
controller or master reset circuit to force the PCM1798 to initialize to its default reset state.

Figure 3 shows the external reset operation and timing. The RST pin is set to logic 0 for a minimum of 20 ns.
The RST pin is then set to a logic 1 state, thus starting the initialization sequence, which requires 1024 system
clock periods. The external reset is especially useful in applications where there is a delay between the
PCM1798 power up and system clock activation.

7.3.3 Audio Data Interface

7.3.3.1 Audio Serial Interface
The audio interface port is a 3-wire serial port. It includes LRCK (pin 4), BCK (pin 6), and DATA (pin 5). BCK is
the serial audio bit clock, and it is used to clock the serial data present on DATA into the serial shift register of
the audio interface. Serial data is clocked into the PCM1798 on the rising edge of BCK. LRCK is the serial audio
left/right word clock.

The PCM1798 requires the synchronization of LRCK and the system clock, but does not need a specific phase
relation between LRCK and the system clock.

If the relationship between LRCK and the system clock changes more than ±6 BCK, internal operation is
initialized within 1/fS and the analog outputs are forced to the bipolar zero level until resynchronization between
LRCK and the system clock is completed.

7.3.3.2 PCM Audio Data Formats and Timing
The PCM1798 supports industry-standard audio data formats, including standard right-justified, I2S, and left-
justified. The data formats are shown in Figure 5, Figure 6, and Figure 7. Data formats are selected using FMT0
(pin 11) and FMT1 (pin 12) as shown in Table 2. All formats require binary twos-complement, MSB-first audio
data. Figure 4 shows a detailed timing diagram for the serial audio interface.

7.3.4 Function Descriptions

7.3.4.1 Audio Data Format
Audio format is selected using FMT0 (pin 11) and FMT1 (pin 12). The PCM1798 also supports monaural mode
and DF bypass mode using MONO (pin 1) and CHSL (pin 2). The PCM1798 can select the DF rolloff
characteristics.
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Table 2. Audio Data Format Select
MONO CHSL FMT1 FMT0 FORMAT STEREO/MONO DF ROLLOFF

0 0 0 0 I2S Stereo Sharp
0 0 0 1 Left-justified format Stereo Sharp
0 0 1 0 Standard, 16-bit Stereo Sharp
0 0 1 1 Standard, 24-bit Stereo Sharp
0 1 0 0 I2S Stereo Slow
0 1 0 1 Left-justified format Stereo Slow
0 1 1 0 Standard, 16-bit Stereo Slow
0 1 1 1 Digital filter bypass Mono —
1 0 0 0 I2S Mono, L-channel Sharp
1 0 0 1 Left-justified format Mono, L-channel Sharp
1 0 1 0 Standard, 16-bit Mono, L-channel Sharp
1 0 1 1 Standard, 24-bit Mono, L-channel Sharp
1 1 0 0 I2S Mono, R-channel Sharp
1 1 0 1 Left-justified format Mono, R-channel Sharp
1 1 1 0 Standard, 16-bit Mono, R-channel Sharp
1 1 1 1 Standard, 24-bit Mono, R-channel Sharp

7.3.4.2 Soft Mute
The PCM1798 supports mute operation. When MUTE (pin 10) is set to HIGH, both analog outputs are
transitioned to the bipolar zero level in –0.5-dB steps with a transition speed of 1/fS per step. This system
provides pop-free muting of the DAC output.

7.3.4.3 De-Emphasis
The PCM1798 has a de-emphasis filter for the sampling frequency of 44.1 kHz. The de-emphasis filter is
controlled using DEM (pin 3).

7.3.4.4 Zero Detection
When the PCM1798 detects that the audio input data in the L-channel and the R-channel is continuously zero for
1024 LRCKs in the PCM mode, or that the audio input data is continuously zero for 1024 WDCKs in the external
filter mode, the PCM1798 sets ZERO (pin 13) to HIGH.

7.4 Device Functional Modes
The PCM1798 is a hardware controlled device. The pins CHSL, DEM, FMT0, FMT1, MONO, and MUTE control
the functionality of this part. See the Pin Functions table or the Feature Description section for more detail.
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8 Application and Implementation

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

8.1 Application Information
The PCM1798 device is a hardware-controlled, differential current output DAC that can accept multiple formats
of 16- or 24-bit PCM audio data. Because the PCM1798 is a current output part, in most cases a current to
voltage stage is required before the signal is passed to the amplifier stage. A microcontroller or DSP can use
GPIO to manipulate the control pins CHSL, DEM, FMT0, FMT1, MONO, and MUTE. The PCM1798 requires a 5-
V analog supply, as well as a 3.3-V digital supply.

8.2 Typical Applications

8.2.1 Application for External Digital Filter Interface

Figure 26. Connection Diagram for External Digital Filter (Internal DF Bypass Mode) Application

8.2.1.1 Design Requirements
• Control: Host controller with SPI communication
• Audio Output: I/V output circuitry
• Audio Input: Digital Audio Filter with I2S or DSD output

8.2.1.2 Detailed Design Procedure

8.2.1.2.1 Application for Interfacing With an External Digital Filter

For some applications, it may be desirable to use a programmable digital signal processor as an external digital
filter to perform the interpolation function. The following pin settings enable the external digital filter application
mode.
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Typical Applications (continued)
• MONO (pin 1) = LOW
• CHSL (pin 2) = HIGH
• FMT0 (pin 11) = HIGH
• FMT1 (pin 12) = HIGH

The pins used to provide the serial interface for the external digital filter are shown in the connection diagram of
Figure 26. The word clock (WDCK) must be operated at 8× or 4× the desired sampling frequency, fS.

Pin assignment when using the external digital filter interface:
• LRCK (pin 4): WDCK as word clock input
• DATA (pin 5): Monaural audio data input
• BCK (pin 6): Bit clock input

8.2.1.2.2 Audio Format

The PCM1798 in the external digital filter interface mode supports the 24-bit right-justified audio format as shown
in Figure 27.

Figure 27. Audio Data Input Format for External Digital Filter (Internal DF Bypass Mode) Application

8.2.1.2.3 Analog Output

Table 3 and Figure 28 show the relationship between the digital input code and analog output.

Table 3. Analog Output Current and Voltage (1)

800000 (–FS) 000000 (BPZ) 7FFFFF (+FS)
IOUTN [mA] –1.5 –3.5 –5.5
IOUTP [mA] –5.5 –3.5 –1.5
VOUTN [V] –1.23 –2.87 –4.51
VOUTP [V] –4.51 –2.87 –1.23
VOUT [V] –2.98 0 2.98

(1) VOUTN is the output of U1, VOUTP is the output of U2, and VOUT is the output of U3 in the measurement circuit of Figure 23.
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Figure 28. Relationship Between Digital Input and Analog Output

8.2.1.3 Application Curves

Transition Characteristics, Slow RolloffPass-Band Ripple, Sharp Rolloff

Figure 30. Amplitude vs FrequencyFigure 29. Amplitude vs Frequency
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8.2.2 PCM1798 Typical Application

Figure 31. Typical Application Circuit

8.2.2.1 Design Requirements
The design of the application circuit is very important in order to actually realize the high S/N ratio of which the
PCM1798 is capable. This is because noise and distortion that are generated in an application circuit are not
negligible.

In the third-order LPF circuit of Figure 32, the output level is 2.1 V RMS, and 123 dB S/N is achieved.

8.2.2.2 Detailed Design Procedure

8.2.2.2.1 I/V Section

The current of the PCM1798 on each of the output pins (IOUTL+, IOUTL–, IOUTR+, IOUTR–) is 4 mA p-p at 0 dB (full
scale). The voltage output level of the I/V converter (Vi) is given by following equation:

VI = 4 mAp–p × Rf (Rf : feedback resistance of I/V converter) (1)

TI recommends an NE5534 operational amplifier for the I/V circuit to obtain the specified performance. Dynamic
performance such as the gain bandwidth, settling time, and slew rate of the operational amplifier affects the
audio dynamic performance of the I/V section.

8.2.2.2.2 Differential Section

The PCM1798 voltage outputs are followed by differential amplifier stages, which sum the differential signals for
each channel, creating a single-ended I/V op-amp output. In addition, the differential amplifiers provide a low-
pass filter function.

The operational amplifier recommended for the differential circuit is the low-noise type.
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Figure 32. Measurement Circuit
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Figure 33. Measurement Circuit for Monaural Mode
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9 Power Supply Recommendations
The PCM1798 requires a 5-V nominal supply and a 3.3-V nominal supply. The 5-V supply is for the analog
circuitry powered by pins VCC1, VCC2L, and VCC2R pins. The 3.3-V supply is for the digital circuitry powered
by the Vdd pin. The decoupling capacitors for the power supplies should be placed close to the device terminals.

10 Layout

10.1 Layout Guidelines
Designers should try to use the same ground between AGND and DGND to avoid any potential voltage
difference between them. Ensure that the return currents for digital signals will avoid the AGND pin or the input
signals to the I/V stage. Avoid running high frequency clock and control signals near AGND, or any of the Vout
pins where possible. The pin layout of the PCM1798 partitions into two parts - analog section and digital section.
Providing the system is partitioned in such a way that digital signals are routed away from the analog sections,
then no digital return currents (for example, clocks) should be generated in the analog circuitry.
• Decoupling capacitors should be placed as close to the VCC1, VCC2L, VCCR2, VCOML, VCOMR, and VDD pins as

possible.
• Further guidelines can be found in Figure 34.
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10.2 Layout Example

Figure 34. PCM1785 Layout Example
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11 Device and Documentation Support

11.1 Trademarks
System Two, Audio Precision are trademarks of Audio Precision, Inc.
All other trademarks are the property of their respective owners.

11.2 Electrostatic Discharge Caution
These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
during storage or handling to prevent electrostatic damage to the MOS gates.

11.3 Glossary
SLYZ022 — TI Glossary.

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

12 Mechanical, Packaging, and Orderable Information
The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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4214853/B   03/2018

1

14
15

28

0.15 C A B

PIN 1 INDEX AREA

SEE DETAIL  A

0.1 C

NOTES: 
 
1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
    per ASME Y14.5M. 
2. This drawing is subject to change without notice. 
3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
    exceed 0.15 mm per side. 
4. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.
5. Reference JEDEC registration MO-150.
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SCALE  1.500
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EXAMPLE BOARD LAYOUT
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NOTES: (continued)
 
6. Publication IPC-7351 may have alternate designs. 
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
 

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE: 10X
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EXAMPLE STENCIL DESIGN
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NOTES: (continued)
 
8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
    design recommendations.   
9. Board assembly site may have different recommendations for stencil design.
 

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

SCALE: 10X

SYMM

SYMM
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14 15

28



IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.
TI’s published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that TI has qualified and released to market. Additional terms may apply to the use or sale of other types of TI products and
services.
Reproduction of significant portions of TI information in TI data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of TI products or services with statements
different from or beyond the parameters stated by TI for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. TI is not responsible or liable for any such statements.
Buyers and others who are developing systems that incorporate TI products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all TI products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such TI products as used in such applications.
TI’s provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate TI products; by downloading, accessing or using TI Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer’s company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.
TI’s provision of TI Resources does not expand or otherwise alter TI’s applicable published warranties or warranty disclaimers for TI
products, and no additional obligations or liabilities arise from TI providing such TI Resources. TI reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources. TI has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.
Designer is authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.
TI RESOURCES ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
Unless TI has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), TI is not responsible for any failure to meet such industry standard requirements.
Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any TI products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.g., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class III devices and equivalent classifications outside the U.S.
TI may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
requirements in connection with such selection.
Designer will fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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