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2Vrys DirectPath™, 112/106dB Audio Stereo DAC with 32-bit, 384kHz PCM Interface

Check for Samples: PCM5121, PCM5122

FEATURES _

* Register-Selectable Audio-Processing Typical Performance (3.3V Power Supply)
Functions Parameter PCM5122 PCM5121
— Dynamic Range Control (DRC) SNR , 11248 106dB

. . Dynamic Range 112dB 106dB

- Egua!lzanon (EQ) THD+N @ - 1dBFS -93dB -92dB
— Filtering Full Scale Output 2.1Vrus (GND center)

* Market-Leading Low Out-of-Band Noise Normal 8x Oversampling Digital Filter Latency: 20/fg

 Selectable Digital-Filter Latency and Low Latency 8x Oversampling Digital Filter Latency: 3.5/fg
Performance Sampling Frequency ‘ 8kHz to 384kHz

« No DC Blocking Capacitors Required System Clock Multiples (fscx): 64, 128, 192, 256, 384, 512,

. Integrated Negative Charge Pump 768, 1024, 1152, 1536, 2048, 3072; up to 50 MHz

e Internal Pop-Free Control For Sample-Rate
Changes Or Clock Halts

* Intelligent Muting System; Soft Up or Down
Ramp and Analog Mute For 120dB Mute SNR
With Popless Operation

R c 5 % Current o
- @® 3
— DIN (I2S » © So~ = I S [|Segment c s
rs) "g ;Digital S£ @ “ || §||pac <
-] Volume LE 80 8 =
s Control ] © g @
11 8 ® 2o S || & [|Current S
< DOUT (I°S) E E o= % 2 HSegment c_?s %
through any < = %' DAC £=
GPIO T_‘ 7 n %
Zero Data - MOSI/SDA/ATT2
Detector Advanced Mute Control > MS/MODE?2
Y Y SPI/I’C [« MODE1
- » MC/SCL/ATT1
Clock Halt - » MISO/ADR1/FMT
Detection
- » GPIO6/FLT
- » GPIO5/ATTO
Broaram PCM512x GPIO &> GPIO4/MAST
RgM < GPIO3/AGNS
<——» GPIO2/ADR2/DOUT
~«—LRCK - - CPVDD (3.3V)
<«+—BCK——»{ PLL sPOW(Tr - AVDD (3.3V)
| Clock UVP/ Charge upply e DVDD (1.8V or 3.3V)
MCK = Reset POR VvCom Pump - GND
I
|
CAPP
UVP/XSMT CAPM
VNEG

Figure 1. PCM512x Functional Block Diagram

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
‘ appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

OTHER KEY FEATURES

* Integrated High-Performance Audio PLL With
BCK Reference To Generate SCK Internally

» Accepts 16-, 24-, And 32-Bit Audio Data

+ PCM Data Formats: IS, Left-Justified, Right-
Justified, TDM

« SPI or I°C Control

» Software or Hardware Configuration

* Automatic Power-Save Mode When LRCK And
BCK Are Deactivated

» 3.3V Failsafe LVCMOS Digital Inputs

» Single Supply Operation:
— 3.3V Analog, 1.8V or 3.3V Digital

* Integrated Power-On Reset

* Small 28-pin TSSOP Package

APPLICATIONS

» A/V Receivers

-« DVD, BD Players

» HDTV Receivers

» Applications Requiring 2Vrus Audio Output

DESCRIPTION

The PCM512x devices are a family of monolithic
CMOS integrated circuits that include a stereo digital-
to-analog converter and additional support circuitry in
a small TSSOP package. The PCM512x uses the
latest generation of TI's advanced segment-DAC
architecture to  achieve  excellent  dynamic
performance and improved tolerance to clock jitter.

Members of the PCM512x family integrate preset
audio processing functions with programmable
coefficients, allowing developers to change the
characteristics of the interpolation filter, speaker EQ,
dynamic range controls, and average volume control
in their products.

The PCM512x provides 2.1Vgys ground centered
outputs, allowing designers to eliminate DC blocking
capacitors on the output, as well as external muting
circuits traditionally associated with single supply line
drivers.

The integrated line driver surpasses all other charge-
pump based line drivers by supporting loads down to
1kQ. By supporting loads down to 1kQ, the PCM512x
can essentially drive up to 10 products in parallel.
(LCD TV, DVDR, AV Receivers etc).

The integrated PLL on the device removes the
requirement for a system clock (commonly known as
master clock), allowing a 3-wire 1°S connection, along
with reducing system EMI.

In addition, the PLL is completely programmable,
allowing the device to become the 1°S clock master
and drive a DSP serial port as a slave. The PLL
allows a non-standard clock (up to 50MHz) to be a
source to generate the audio-related clock (such as
24 576MHz).

Intelligent clock error and PowerSense under voltage
protection utilizes a two level mute system for pop-
free performance. Upon clock error or system power
failure, the device digitally attenuates the data (or last
known good data), then mutes the analog circuit.

Compared with existing DAC technology, the
PCM512x family offers up to 20dB lower out-of-band
noise, reducing EMI and aliasing in downstream
amplifiers/ADCs. (from traditional 100kHz OBN
measurements all the way to 3MHz).

The PCM512x accepts industry-standard audio data
formats with 16- to 32-bit data. Sample rates up to
384kHz are supported.

Table 1. Differences Between PCM512x Devices

Part Number Dynamic Range SNR THD
PCM5122 112dB 112dB -93dB
PCM5121 106dB 106dB -92dB
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DEVICE INFORMATION
PCM512x pin assignments-1 MODEL1 tied DVDD : SPI mode

PCM512x (top view)

©
(2]
=

MISO 24
LRCK 23
DIN 22
BCK 21
SCK 20

pvob 28 1]
DGND 27 1]
Lpoo 26 1]
xsmT 25 1]
[T

[T

[T

[T

[T

[T

mMoDpE1 17[ 1]
GPlo2 16 1]
GPI03 15[ 1]

GPIO6 19

T4+ cpvop
Iz capp
I3 cpenp
I+ capm
[I5 vnec
[Ids outL
7 outr
CI]s Avop
[I]e AcnD
I 10 veom
I 11 mosi
T2 me
I 13 cprios
[T} 14 crios

Table 2. PCM512x SPI mode Terminal Functions

TERMINAL
110 DESCRIPTION
NAME PIN
CPVDD 1 - Charge pump power supply, 3.3V
CAPP 2 O Charge pump flying capacitor terminal for positive rail
CPGND 3 - Charge pump ground
CAPM 4 O Charge pump flying capacitor terminal for negative rail
VNEG 5 O Negative charge pump rail terminal for decoupling, -3.3V
OuUTL 6 O Analog output from DAC left channel
OUTR 7 O Analog output from DAC right channel
AVDD 8 - Analog power supply, 3.3V
AGND 9 - Analog ground
VCOM output (Optional mode selected by register; default setting is VREF mode.) When in
VCOM 10 O VREF mode (default), this pin ties to GND. When in VCOM mode, decoupling capacitor to
GND is required.
MOSI 11 [ Input data for SPI®
MC 12 [ Input clock for SPI®)
GPIO5 13 I/O General purpose digital input and output port
GPIO4 14 I/O General purpose digital input and output port
GPIO3 15 I/O General purpose digital input and output port
GPI02 16 I/O General purpose digital input and output port
MODE1 17 [ Mode control selection pin®
+ MODE1l=Low, MODE2=Low : Hardwired mode
MS (MODE2) 18 | . MODElzLQW, MODE2=High : 1°C que . '
¢ MODE1=High : SPI mode, MODEZ2 pin changes MS pin (chip select for
SPI)
GPIO6 19 /10 General purpose digital input and output port
SCK 20 I System clock input®
BCK 21 I/O | Audio data bit clock input (slave) or output (master)®
DIN 22 I Audio data input®
LRCK 23 I/O0 | Audio data word clock input (slave) or output (master)®
MISO (GPI01) 24 Vo ggg:;ré/a?;;tztgni?g :J?Jrr[?opsler?j?gi?aéicirliput/output port controlled by register
XSMT 25 [ Soft mute control® Soft mute (Low) / soft un-mute (High)

(1) Failsafe LVCMOS Schmitt trigger input.
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Table 2. PCM512x SPI mode Terminal Functions (continued)

TERMINAL
110 DESCRIPTION
NAME PIN
LDOO 26 - Internal logic supply rail terminal for decoupling, 1.8V
DGND 27 - Digital ground
DVDD 28 - Digital power supply, 3.3V or 1.8V
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PCM512x pin assignments-2 MODEL1 tied DGND and MODE?2 tied DVDD : I°C mode

PCM512x (top view)
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Table 3. PCM512x I2C mode Terminal Functions
TERMINAL
NAME PIN l[e} DESCRIPTIONS
CPVDD 1 - Charge pump power supply, 3.3V
CAPP 2 (0] Charge pump flying capacitor terminal for positive rail
CPGND 3 - Charge pump ground
CAPM 4 (0] Charge pump flying capacitor terminal for negative rail
VNEG 5 (0] Negative charge pump rail terminal for decoupling, -3.3V
OUTL 6 (0] Analog output from DAC left channel
OUTR 7 (0] Analog output from DAC right channel
AVDD 8 - Analog power supply, 3.3V
AGND 9 - Analog ground
VCOM output (Optional mode selected by register; default setting is VREF mode.) When
VCOM 10 | in VREF mode (default), this pin ties to GND. When in VCOM mode, decoupling capacitor
to GND is required.
SDA 11 110 Input data for 12C(D®)
scL 12 I Input clock for 12C®
GPIO5 13 I/0 General purpose digital input and output port
GPI04 14 I/0 General purpose digital input and output port
GPIO3 15 I/O General purpose digital input and output port
ADR2 16 | 2nd LSB address select bit for I°C
MODE1 17 I Mode-control selection pins®
« MODE1=Low, MODE2=Low : Hardwired mode
MODE2 18 | +  MODE1=Low, MODE2=High : I1°C mode
< MODE1=High : SPI mode, MODE2 pin changes MS pin (chip select
for SPI)
GPI0O6 19 1/0 General purpose digital input and output port
SCK 20 I System clock input®
BCK 21 110 Audio data bit clock input (slave) or output (master)@
DIN 22 [ Audio data input®
LRCK 23 110 Audio data word clock input (slave) or output (master) @
ADR1 24 I LSB address select bit for 1°C
XSMT 25 I Soft mute control : Soft mute (Low) / soft un-mute (High) @
LDOO 26 - Internal logic supply rail terminal for decoupling, 1.8V
DGND 27 - Digital ground
DVvDD 28 - Digital power supply, 3.3V or 1.8V

(1) Open-drain configuration in out mode.
(2) Failsafe LVCMOS Schmitt trigger input.
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PCM512x pin assignments-3 MODEL1 tied DGND and MODE2 tied DGND : Hardwired mode

PCM512x (top view)
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The H/W mode has digital gain and attenuation level control by decoding external ATT2 (11 pin), ATT1 (12 pin),
and ATTO (pin 13). Table 1 shows the pins used to set gain and attenuation levels.

Table 4. Gain and Attenuation in Hardware Mode

ATT pin condi’;i_lg_lrjo()ATTZ ATTL: Gain and Attenuation level
(000) 0dB
(001) +3dB
(010) +6dB
(011) +9dB
(100) +12dB
(101) +15dB
(110) -6dB
(111) -3dB

Table 5. PCM512x Hardwired mode Terminal Functions

Terminal o
Name Bin 110 Description
CPVDD 1 - Charge pump power supply, 3.3V
CAPP 2 (0] Charge pump flying capacitor terminal for positive rail
CPGND 3 - Charge pump ground
CAPM 4 (0] Charge pump flying capacitor terminal for negative rail
VNEG 5 (0] Negative charge pump rail terminal for decoupling, -3.3V
OUTL 6 (0] Analog output from DAC left channel
OUTR 7 (0] Analog output from DAC right channel
AVDD 8 - Analog power supply, 3.3V
AGND 9 - Analog ground
DEMP 10 | De-emphasis control for 44.1kHz sampling rate®: Off (Low) / On (High)
ATT2 11 I Digital gain and attenuation control pin
ATT1 12 I Digital gain and attenuation control pin®
ATTO 13 | Digital gain and attenuation control pin
MAST 14 | _IZS Master clock select pin : Master (High) BCK/LRCK outputs, Slave (Low) BCK/LRCK
inputs
AGNS 15 | Analog gain selector : 0dB 2Vgys output (Low), -6dB 1Vgys output (High)
GPO 16 (0] General Purpose Output (Low level)
(1) Failsafe LVCMOS Schmitt trigger input.
6 Submit Documentation Feedback Copyright © 2012, Texas Instruments Incorporated
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Table 5. PCM512x Hardwired mode Terminal Functions (continued)
Terminal o
Name Bin 110 Description
MODE1 17 I Mode-control selection pins @
+ MODE1l=Low, MODE2=Low : Hardwired mode
MODE2 18 | «  MODE1=Low, MODE2=High : I°C mode
< MODE1=High : SPI mode, MODE2 pin changes MS pin (chip select
for SPI)
FLT 19 | Filter select : Normal latency (Low) / Low latency (High)
SCK 20 I System clock input®
BCK 21 110 Audio data bit clock input®
DIN 22 | Audio data input®
LRCK 23 110 Audio data word clock input®
FMT 24 | Audio format selection : I1°S (Low) / Left justified (High)
XSMT 25 I Soft mute control : Soft mute (Low) / soft un-mute (High) @
LDOO 26 - Internal logic supply rail terminal for decoupling, 1.8V
DGND 27 - Digital ground
DVvDD 28 - Digital power supply, 3.3V or 1.8V

(2) Failsafe LVCMOS Schmitt trigger input.
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ABSOLUTE MAXIMUM RATINGS
over operating free-air temperature range (unless otherwise noted)

VALUE UNIT
AVDD, CPVDD, DVDD -0.3t0 3.9
Supply Voltage - - — —
LDOO wtih DVDD at 1.8V (See Typical Applications Circuits) -0.3t02.25
Digital Input Voltage DVDD at 1.8V -0.3t02.25 \%
DVDD at 3.3V -0.3t03.9
Analog Input Voltage -0.3t0 3.9
Operating Temperature Range -251t0 85 oc
Storage Temperature Range —65 to 150
THERMAL CHARACTERISTICS
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
63a Theta JA High K 72.2
B3¢ Theta JC Top 175
638 Theta JB 35.0 °C/W
Yot Psi JT 0.4
Wis Psi JB 345
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ELECTRICAL CHARACTERISTICS
All specifications at T, = 25°C, AVpp = CPVpp = DVpp = 3.3V, fs = 48kHz, system clock = 512fg and 24-bit data unless

otherwise noted.

PARAMETER

TEST CONDITIONS

MIN TYP MAX UNIT

| Resolution

16 24 32 Bits

Data Format (PCM Mode)

Audio data interface format

1S, left justified, right justified and TDM

Audio data bit length

16, 24, 32-bit acceptable

Audio data format

MSB First, 2s Complement

fs@ Sampling frequency

8 384 kHz

Clocks

System clock frequency

64, 128, 192, 256, 384, 512, 768, 1024, 1152,
1536, 2048, or 3072
fsck, up to 50Mhz

Clock divider uses fractional divide

6.7 20 MHz
PLL Input Frequency D>0,P=1
(SCL Clock Frequency 400 kHz) ivi i Vi
Clock divider uses integer divide 1 20 MHz
D=0, P=1
Digital Input/Qutput
Logic Family: 3.3V LVCMOS compatible
Y, 0.7xDV,
IH Input logic level bo \%
ViL 0.3xDVpp
| ViN=V 10
H Input logic current N bo A
|||_ VIN =0V -10
Von lon = —4mA 0.8xDVpp
VoL Output logic level loL = 4mA 0.22xDVp \%
D
Logic Family 1.8V LVCMOS compatible
Y, 0.7xDV,
IH Input logic level oo \%
V||_ 0.3XDVDD
| ViN=V 10
IH Input logic current N = A
|||_ VIN =0V -10
VOH IOH =-2mA O.SXDVDD
VoL Output logic level loL = 2MA 0.22xDVp Y,

D

(1) One sample time si defined as the reciprocal of the sampling frequency. 1tg = 1/fg
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ELECTRICAL CHARACTERISTICS (continued)

All specifications at T, = 25°C, AVpp = CPVpp = DVpp = 3.3V, fs = 48kHz, system clock = 512fg and 24-bit data unless
otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Dynamic Performance (PCM Mode)@® (values shown for two devices PCM5122 / PCM5121)
fg = 48kHz -93/-92 -83/-82
THD+N at -1 dB® fs = 96kHz -93/-92
fo = 192kHz ~03/-92
Dynamic range ©® EIAJ, A-weighted, fs = 48kHz 106 /100 112/ 106
EIAJ, A-weighted, fg = 96kHz 112/ 106
EIAJ, A-weighted, fg = 192kHz 112/ 106
Signal-to-noise ratio® EIAJ, A-weighted, fs = 48kHz 112/ 106 dB
EIAJ, A-weighted, fg = 96kHz 112/ 106
EIAJ, A-weighted, fg = 192kHz 112/ 106
Signal to noise ratio with analog EIAJ, A-weighted, fg = 48kHz 113 123
mute @ EIAJ, A-weighted, fs = 96kHz 113 123
EIAJ, A-weighted, fg = 192kHz 113 123
Channel Separation fg = 48kHz 100/95 109/103
fg = 96kHz 100/95 109/103
fg = 192kHz 100/95 109/103

@

®3)
4)

Filter condition: THD+N: 20Hz HPF, 20kHz AES17 LPF Dynamic range: 20Hz HPF, 20kHz AES17 LPF, A-weighted Signal-to-noise

ratio: 20Hz HPF, 20kHz AES17 LPF, A-weighted Channel separation: 20Hz HPF, 20kHz AES17 LPF Analog performance specifications
are measured using the System Two Cascade™ audio measurement system by Audio Precision™ in the RMS mode.
Output load is 10kQ, with 470Q output resistor and a 2.2nF shunt capacitor (see recommended output filter).
Assert XSMT or both L-ch and R-ch PCM data are BPZ

10
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ELECTRICAL CHARACTERISTICS (continued)

All specifications at T, = 25°C, AVpp = CPVpp = DVpp = 3.3V, fs = 48kHz, system clock = 512fg and 24-bit data unless
otherwise noted.

PARAMETER

| TEST CONDITIONS

MIN

TYP

MAX

UNIT

Analog Output

Qutput voltage

2.1

VrRms

Gain error

+2.0

[e2]

% of FSR

Gain mismatch, channel-to-
channel

—6

+0.5

% of FSR

Bipolar zero error

At bipolar zero

-5

+1.0

mVv

Load impedance

kQ

Filter Ch

aracteristics—1: Normal (8x)

Pass band

0.45fg

Stop band

Stop band attenuation

Pass-band ripple

+0.02

dB

Delay time

20tg

Filter Ch

aracteristics—2: Low Latency (8x)

Pass band

0.47fg

Stop band

0.55fg

Stop band attenuation

Pass-band ripple

+0.0001

dB

Delay time

3.5tg

Filter Ch

aracteristics—3: Asymmetric FIR (8x)

Pass band

0.40fg

Stop band

0.72fs

Stop band attenuation

Pass-band ripple

+0.05

dB

Delay time

1.2tg

Filter Ch

aracteristics—4: High-Attenuation

(8%)

Pass band

0.45fg

Stop band

0.45fg

Stop band attenuation

-100

Pass-band ripple

+0.0005

dB

Delay time

33.7tg
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ELECTRICAL CHARACTERISTICS (continued)
All specifications at T, = 25°C, AVpp = CPVpp = DVpp = 3.3V, fs = 48kHz, system clock = 512fg and 24-bit data unless

otherwise noted.

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
Power Supply Requirements
DVpp Digital supply voltage Target DVpp = 1.8V 1.65 1.8 1.95 VDC
DVpp Digital supply voltage Target DVpp = 3.3V 3.0 3.3 3.6
AVpp Analog supply voltage 3.0 3.3 3.6 VDC
CPVpp | Charge-pump suply voltage 3.0 3.3 3.6
fg = 48kHz, Input is Bipolar Zero data 11 14
Ibp DVpp supply current at 1.8V ® fg = 96kHz, Input is Bipolar Zero data 12 mA
fs = 192kHz, Input is Bipolar Zero data 14
fg = 48kHz, Input is 1kHz -1dBFS data 11 14
Iob DVpp supply current at 1.8V © fs = 96kHz, Input is 1kHz -1dBFS data 12 mA
fg = 192kHz, Input is 1kHz -1dBFS data 14
Iob DVpp supply current at 1.8V fs = N/A, Power Down Mode 0.3 0.6 mA
fg = 48kHz, Input is Bipolar Zero data 12 15
Ibp DVpp supply current at 3.3v® fg = 96kHz, Input is Bipolar Zero data 13 mA
fs = 192kHz, Input is Bipolar Zero data 15
fg = 48kHz, Input is 1kHz -1dBFS data 12 15
Iob DVpp supply current at 3.3v(® fs = 96kHz, Input is 1kHz -1dBFS data 13 mA
fg = 192kHz, Input is 1kHz -1dBFS data 15
Iob DVpp supply current at 3.3V fs = N/A, Power Down Mode 0.5 0.8 mA
fg = 48kHz, Input is Bipolar Zero data 11 16
lcc AVpp / CPVpp Supply Current® | f5 = 96kHz, Input is Bipolar Zero data 11 mA
fs = 192kHz, Input is Bipolar Zero data 11
fg = 48kHz, Input is 1kHz -1dBFS data 24 32
lcc AVpp / CPVpp Supply Current® | f5 = 96kHz, Input is 1kHz -1dBFS data 24 mA
fg = 192kHz, Input is 1kHz -1dBFS data 24
lcc AVpp / CPVpp Supply Current” | fs = N/A, Power Down Mode 0.2 0.4 mA
fg = 48kHz, Input is Bipolar Zero data 59.4 78
Power Dissipation, DVpp = 1.8V® | fs = 96kHz, Input is Bipolar Zero data 61.2 mw
fs = 192kHz, Input is Bipolar Zero data 64.8
fg = 48kHz, Input is 1kHz -1dBFS data 99 130.8
Power Dissipation, DVpp = 1.8V® | f5 = 96kHz, Input is 1kHz -1dBFS data 100.8 mw
fg = 192kHz, Input is 1kHz -1dBFS data 104.4
Power Dissipation, DVpp = 1.8V | fs = N/A, Power Down Mode 1.2 mw
fg = 48kHz, Input is Bipolar Zero data 79.2 103
Power Dissipation, DVpp = 3.3V® | f5 = 96kHz, Input is Bipolar Zero data 825 mw
fg = 192kHz, Input is Bipolar Zero data 89.1
fg = 48kHz, Input is 1kHz -1dBFS data 118.8 155
Power Dissipation, DVpp = 3.3V® | f5 = 96kHz, Input is 1kHz -1dBFS data 122.1 mw
fg = 192kHz, Input is 1kHz -1dBFS data 128.7
Power Dissipation, DVpp = 3.3V | fs = N/A, Power Down Mode 2.3 4.0 mw

(5) Inputis Bipolar Zero data.
(6) Inputis 1kHz -1dBFS data

(7) Power Down Mode, with LRCK, BCK, and SCK halted at Low level.
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TYPICAL CHARACTERISTICS

All specifications at T, = 25°C, AVpp = CPVpp = DVpp = 3.3V, fg = 48kHz, system clock = 512 fg and 24-bit data unless
otherwise noted.

PCM5121 THD+N vs PCM5122 THD+N vs
Vs Vs
Input Level Input Level
10 10
-10 \\ 10
_30 \\ ’
o o
= 3
Z-50 N =>-50
+ +
[a] [a]
= \ z
70 \\ 70
90 \\_, ) ~_
-110 -110
-100 -80 -60 -40 -20 0 -100 -80 -60 -40 -20 0
Input Level [dBFS] Input Level [dBFS]
Figure 2. Figure 3.
PCM5121 FFT Plot at -60dB Input PCM5122 FFT Plot at -60dB Input
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Figure 4. Figure 5.
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TYPICAL CHARACTERISTICS (continued)

All specifications at T, = 25°C, AVpp = CPVpp = DVpp = 3.3V, fg = 48kHz, system clock = 512 fg and 24-bit data unless
otherwise noted.

PCM5121 FFT Plot at BPZ PCM5122 FFT Plot at BPZ
-20 -20
-40 -40
-60 -60
-80 -80
o o
k=3 k=3
$-100 $-100
2 2
= =
E.120 E.120
\"'\mmmm g yDe i,/ Nt M s, ol 1y, vl oy Iy nam L
-140 ’ . " -140 TV S WV SIS WY AU A
-160 -160
-180 -180
0 10 20 0 10 20
Frequency [kHz] Frequency [kHz]
Figure 6. Figure 7.
PCM5121 FFT Plot at BPZ With AMUTE PCM5122 FFT Plot at BPZ With AMUTE
-20 -20
-40 -40
-60 -60
-80 -80
o o
h=) =
$-100 g-100
2 2
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Frequency [kHz] Frequency [kHz]
Figure 8. Figure 9.
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TYPICAL CHARACTERISTICS (continued)

All specifications at T, = 25°C, AVpp = CPVpp = DVpp = 3.3V, fg = 48kHz, system clock = 512 fg and 24-bit data unless
otherwise noted.

PCM5121 FFT Plot at -60dB To 300kHz PCM5122 FFT Plot at -60dB To 300kHz
0 0
-20 -20
-40 -40
-60 -60
o o
h=A =
2 80 S -80
=2 =2
= G
E-100 E-100
20 Wi Lk 0 WWWWWWWMWWWWMWWW
-140 -140
-160 -160
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Frequency [kHz] Frequency [kHz]
Figure 10. Figure 11.
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APPLICATION INFORMATION

Typical Application Circuits

The PCM512x devices can be operated in a variety of configurations to support a wide range of applications.
Figure 12 through Figure 21 show different combinations of power supplies, control methods, and VCOM/VREF
usage.

3.3V 33y 1.8V
CPVDD DVDD 28 jj—l——r —Ll—[[ﬂ CPVDD DvDD 28| | |4
CAPP DGND 27 wE 0.1uF f[[ 2 CAPP DGND 27| [ il
CPGND  LDOO 26 jj_To'wF 1 v 3 CPGND  LDOO 26| | us
CAPM XSMT 25 E‘W - 4 CAPM XSMT 25 E‘W
. T—T5 wneo FMT 24 [T s 5 VNEG FMT 24| [ oo —
<—— A AA—+T]6 out LRCK 23[ | J¢— g 6 OUTL LRCK 23| [ J¢— 3_’:’
o 7 OUTR DIN 22| [ Ja—oI| § 7 OUTR DIN 22 [ Je¢— §
8 AVDD BCK 21| [ Ja—oI § 8 AVDD BCK 21| [ Ja— :E(g
9 AGND SCK 20 [ | Je—o, § 9 AGND scK 20[ [ le—o{ &
—De-emphasis 114 pemp FLT 19| T J* o ssiaat 10 DEMP FLT 19 | M Foreoiear

= > [ [ |11 ATT2 MODE2 18 - > [ 11 ATT2 MODE2 18% I
5] o
2 $ L[ [ |12ATT MODE1 17 — 2 %’ L[ [ |12ATT1 MODE1 17 =
=3 2
o jj » 5] D: :\:‘ »
> 4":[ 13 ATTO GPO 16 Low-level output > 13 ATTO GPO 18 Digital audio
data out
———————»[ [ |14 MAST AGNS 1 ———— ———————»[ [ | | [ je—<2aot
IS Master/Slave s GNs 151 T} 2Vins/ 1Vems I’S Master/Slave 14 MAST AGNS 18 2Vims/1Vims
level select level select
R1, R2, = 470Q R1, R2, = 470Q
C1,C2=2.2nF C1,C2=2.2nF

Figure 12. Hardwired Control Mode, DVDD=3.3V Figure 13. Hardwired Control Mode, DVDD=1.8V

3.3V 3.3V

3.3V
<|>—l—|:[1 CPVDD DVDD 2533—1——‘7

1 CPVDD DVDD 28 @Q
0.1uF
2 CAPP DGND 27
0.1uF
3 CPGND LDoo 26 [ T
4 CAPM XSMT 25 l¢——— soft mute
5 VNEG MISO 24| | |—» SPIDOUT

0.1uF

0.1uF == 112 carp DGND 27 jjﬁ
2.2uF 0.1uF
3 CPGND LDoo 26 [ T

- 4 CAPM XSMT 25[ [ l&——— Soft mute
5 VNEG MISO 24| | |—» SPIDOUT

6 OUTL LRCK 23| [ |&—— 8 6 OUTL LRCK 23| [ J¢— 8

7 OUTR DIN 22| [ Ja—| % [T]7 outr DIN 22 [ Ja— %

8 AVDD BCK 21[ [ J¢—ro 3 8 AVDD BCK 21| [ l¢— E

9 AGND SCK 20| [ Je¢——/ § 9 AGND SCK 20| [ Ja—/ §

10 VCOM GPIO6 19| | |&—— GPIO 10 VCOM GPIO6 19| | ¢—— GPIO

11 MOS!I MS 18| | |« Chip select for SPI 11 MOSI MS 18| | |« Chip select for SPI

12 MC MODE1 17[ | —Pullup to 3.3V

12 MC MODE1 17| [ —®Pullupto 3.3V
13 GPIO5 GPIO2 16 | ——® GPIO 13 GPIO5 GPIO2 16 | J——» GPIO
14 GPIO4 GPIO3 15[ | |¢———GPIO 14 GPIO4 GPIO3 15[ | |¢———GPIO

R1, R2, =470Q R1, R2, =470Q
C1,C2=22nF C1,C2=2.2nF

Figure 14. SPI Control, VREF Mode, DVDD=3.3V Figure 15. SPI Control, VCOM Mode, DVDD=3.3V
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3.3V 1.3
\—l—[[1 CPVDD DVDD 28 jj—»—lj
—— 0.1uF
0.1uF —= rq 2 CAPP DGND 27| [
2.2uF
3 CPGND LDOO 26[ [ }—!
= 4 CAPM XSMT 25 | J¢——— Soft mute
2.2uF —
5 VNEG MISO 24| [ ——— SPIDOUT
R1
<+—e—ANA—T]6 outL LRCK 23[ [ J¢— §
—c1 3
[T]7 outr DIN 22| [ l&—— ©
33v 'oh 2
S
j;i—i—[[za AVDD BCK 21| [ J&—— <
10uF — 0.1uF —— =
9 AGND SCK 20 | Jle—| &
10 VCOM GPIO6 19| | |«—— GPIO
- —»{ [ |11 MoSI MS 18| | _]4— Chip select for SPI
(2]
0
= [T ]12MmMC MODE1 17 [ —Pullupto 1.8V
GPIO — [ [ |13 GPIO5 GPIO2 16 [ ¥ GPIO
GPIO ——»{ [ |14 GPIO4 GPIO3 15[ | |&— GPIO
R1, R2, = 470Q

C1,C2=2.2nF

Figure 16. SPI Control, VREF Mode, DVDD=1.8V

33V 3.3V
1 CPVDD DVDD 28 jj—l——r
— 0AuF
0.1uF == L]z carp DGND 27 jj—ﬁ
2.2uF: —— 0.1uF
3 CPGND LDoo 26 [ T 1
= 4 CAPM XSMT 25| | Ja4— Soft mute
2.2uF =
L—T5 wnec ADR1 24| [ J#— I*C Address 1
R1
<t+———AA—T6 outL LRCK 23| | 14— g
—ct 3
[T7]7 outr DN 22 [ J&—— &
EEVAAA 2
j;i—l—[[ 8 AVDD BCK 21| [ Je— 2
10uF == 0.1uF—— =
9 AGND sck 20[ | le—o| &
10 VCOM GPIO6 19| | J#— GPIO
- —»{ [ |11 sDA MODE2 18| | — Pullupto 3.3V
© 1 y[Tl12scL MODE1 17| | }—— Pull down to GND
GPlIo—»{_[ |13 GPIO5 ADR2 16| | |¢— I°C Address 2
ePlio—»{ [ |14 GPIO4 GPIO3 15[ | |4— GPIO
R1, R2, = 470Q
C1,C2=22nF

Figure 18. I°C Control, VREF Mode, DVDD=3.3V

33V 1.8V
1 CPVDD DVDD 28 jj—”—iT:r
0.1uF —= 2 CAPP DGND 27 }ﬁi .
240 3 CPGND  LDOO 26| | 1
- 4 CAPM XSMT 25 | J¢——— Soft mute 7
5 VNEG MISO 24| | ———» SPIDOUT
6 OUTL LRCK 23[ | J¢— §
7 OUTR DIN 22| | J&—] ‘2
8 AVDD BCK 21| [ Ja—ro| 2
9 AGND sck 20 [ le— &
10 VCOM GPIO6 19| | |«—— GPIO
11 MOSI MS 18 :\:‘4— Chip select for SPI
12 MC MODE1 17[ | —Pullup to 1.8V
13 GPIO5 GPIO2 16| | ——» GPIO
14 GPIO4 GPIO3 15[ | J¢——— GPIO
R1, R2, = 4700
C1,C2=22nF

Figure 17. SPI Control, VCOM Mode, DvVDD=1.8V

23V 3.3V
—LI—[E1 CPVDD DVDD 28 jj—l——r
— 0.14F
0.1uF = f[Ez CAPP DGND 27
228 3 CPGND  LDOO 26 :D—jr 01wF
- 4 CAPM XSMT 25 } Soft mute )
5 VNEG ADR1 24 [ | |#— I°C Address 1
6 OUTL LRCK 23| | J¢&— g
o
7 OUTR DIN 22| [ |¢—| 2
8 AVDD BCK 21 [ [ Ja—o 3
9 AGND SCK 20| [ Ja—o| §
10 VCOM GPIO6 19| | |4— GPIO
B 11 SDA MODE2 18| | | Pullup to 3.3V
& [ [ [12scL MODE1 17 | | }—— Pull down to GND
GPIo—— [ [ |13 GPIO5 ADR2 16 [ | |4— I°C Address 2
GPIO——»{ [ |14 GPIO4 GPIO3 15| | |4— GPIO
R1, R2, = 470Q
C1,C2=22nF

Figure 19. I°C Control, VCOM Mode, DVDD=3.3V
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3.3V 1.8V aav
1 CPVDD DVDD 28 j:l—“—i——r \—I—[[ 1 CPVDD
— 0.1uF
0.4uF == 2.2HFFE[ 2 CAPP DGND 27 }ﬁ 0.1uF —— 2.2HFPEE 2 CAPP
3 CPGND LDoO 26| [ us 3 CPGND
- 4 CAPM XSMT 25| [ l4— sSoft mute ) = E 4 CAPM
5 VNEG ADR1 24 | 4— I°C Address 1 5 VNEG
6 OUTL LRCK 23[ | J¢&— g 6 OUTL
7 OUTR DIN 22 | Ja— ‘2 7 OUTR
8 AVDD BCK 21| [ Je¢—— z 8 AVDD
9 AGND sck 20[ | le—— & 9 AGND
10 VCOM GPIO6 19| | J¢— GPIO 10 VCOM
11 SDA MODE2 18| | — Pullupto 1.8V _ 11 SDA
12 SCL MODE1 17| | }— Pull down to GND & L— [ [ |12scL
13 GPIO5 ADR2 16| | J4— I°C Address 2 GPio—»{ [ |13 cPIO5
14 GPIO4 GPIO3 15 | |4— GPIO GPIO——»{ [ |14 GPIO4
R1, R2, = 470Q R1, R2, = 470Q
C1,C2=22nF C1,C2=22nF

Figure 20. I>C Control, VREF Mode, DVDD=1.8V

DVDD

DGND

LDOO

XSMT

ADR1

LRCK

DIN

BCK

SCK

GPIO6

MODE2

MODE1

ADR2

GPIO3

1.8V

.y
== 0.14F

j}ﬁ

LT L

} Soft mute )

| | J«— I°C Address 1

Tle— ¢

T le— &

| [ J¢— GPIO

| T Pullupto 1.8V

| T J—— Pull down to GND

| | l4— I°C Address 2

[ [}« cPiO

Figure 21. I>C Control, VCOM Mode, DVDD=1.8V
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Analog Outputs

The PCM512x devices include a two-channel DAC, with single-ended outputs. The full-scale output voltage is
2.1V,s With ground center output. A dc-coupled load is supported in addition to an ac-coupled load, if the load
resistance conforms to the specification. The PCM512x DAC outputs on the OUTL and OUTR terminals have
market-leading low out-of-band noise, which offer up to 20dB lower out-of-band noise compared with existing
DAC technology.

Most applications require an external low-pass RC filter (470Q + 2.2nF) to provide sufficient out-of-band noise
rejection. This RC filter provides the added advantage of improved protection against ESD damage. Further
discussion of DAC post-filter circuits is provided in the PCM512x Application Reference Guide, SLAU348.

Voltage Reference and Ouptut Levels

The PCM512x has an internal, fixed band-gap reference voltage, with default operation in VREF mode. No
external decoupling capacitor is required for this mode. VREF mode provides 2.1V, full-scale output at both
AVDD levels.

The PCM512x can be operated with a common-mode voltage output (VCOM mode) at the VCOM pin by setting
Page 1, Register 1, D(0) to 1. In this mode, an external decupling capacitor is required.

When using this DAC in VREF mode, the output-signal voltage is independent of the power-supply voltage: The
D/A conversion gain in VREF mode yields a 2.1V, output voltage with a digital full-scale input. However, in
VREF mode, an output waveform may clip due to the limitations that may be present in the analog power supply
voltage. On the other hand, the full-scale output voltage in VCOM mode is proportional to the analog power
supply AVDD. Example, (2.1 x AVDD / 3.3) Vs

Mode Switching Sequence, From VREF Mode to VCOM Mode

Following register setting sequence is recommended for changing VREF mode to VCOM mode.

1. Page 0/ Register 2 RQST = 1: Standby mode

2. Page 1/ Register 8 RCMF = 1: Fast ramp up — on

3. Page 1/ Register 9 VCPD = 0: VCOM is power on

4. Wait 3ms with external capacitor = 1uF

5. Page 1/ Register 8 RCMF = 0: Fast ramp up — off

6. Page 1/ Register 1 OSEL = 1: VCOM mode

7. Page 0/ Register 2 RQST = 0: Normal mode
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Recommended Output Filter for the PCM512x

The diagram in Figure 22 shows the recommended output filter for the PCM512x. The new PCM512x next-
generation current segment architecture offers excellent out-of-band noise, making a traditional 20kHz low pass
filter a thing of the past.

The RC settings below offer a -3dB filter point at 153kHz (approx), giving the DAC the ability to reproduce
virtually all frequencies through to it's maximum sampling rate of 384kHz.

SR

©

our Output voltage is 2VRMS

With a10kQ Load

——

4700
2.2nF

PCM510x

OUTRE 3

H —

4700
2.2nF

Figure 22. Recommended Output Lowpass Filter for 10kQ Operation

Reset and System Clock Functions

Power-On Reset Function

The PCM512x includes a power-on reset function shown in Figure 23. With Vpp > 2.8V, the power-on reset
function is enabled. After the initialization period, the PCM512x is set to its default reset state.

3.3V

2.8V

AVDD, DVDD,
CPVDD

Internal Reset Reset Removal

Internal Reset

< >

4 ms

sk 56 L LT

Figure 23. Power-On Reset Timing, DVDD = 3.3V

The PCM512x includes a power-on reset function shown in Figure 24 operating at DVDD=1.8V. With AVDD
greater than approximately 2.8V, and PVDD greater than approximately 2.8V, and DVDD greater than
approximately 1.5V, the power-on reset function is enabled. After the initialization period, the PCM512x is set to
its default reset state.
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Figure 24. Power-On Reset Timing, DVDD = 1.8V
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System Clock Input

The PCM512x requires a system clock to operate the digital interpolation filters and advanced segment DAC
modulators. The system clock is applied at the SCK input (pin 20) and supports up to 50MHz. The PCM512x
system-clock detection circuit automatically senses the system-clock frequency. Common audio sampling
frequencies of 8kHz, 16kHz, 32kHz - 44.1kHz - 48kHz, 88.2kHz - 96kH