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Single-Ended, Analog-Input 24-Bit, 96-kHz Stereo A/D Converter

FEATURES
e 24-Bit Delta-Sigma Stereo A/D Converter
» Single-Ended Voltage Input: 3 Vp-p
» Oversampling Decimation Filter:
— Oversampling Frequency: x64
— Pass-Band Ripple: +0.05 dB
— Stop-Band Attenuation: —65 dB
— On-Chip High-Pass Filter: 0.91 Hz (48 kHz)
* High Performance:
— THD+N: -93 dB (Typical)
— SNR: 99 dB (Typical)
— Dynamic Range: 99 dB (Typical)
« PCM Audio Interface With SPI Control:
— Master/Slave Mode Selectable
— Data Formats: 24-Bit Left-Justified, 24-Bit
B
* Multiple Functions with SPI Control:
— Power Down
— Mute with Fade-Out and Fade-In
— Polarity Control
* Analog Antialias LPF Included
 Sampling Rate: 16-96 kHz
» System Clock: 256 fg, 384 fg, 512 fg
* Dual Power Supplies:
— 5-V for Analog
— 3.3-V for Digital
» Package: 14-Pin TSSOP

A

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

APPLICATIONS
e DVD Recorder

» Digital TV
AV Amplifier/Receiver
e« MD Player

e CD Recorder
* Multitrack Receiver
 Electric Musical Instrument

DESCRIPTION

The PCM1807 is high-performance, low-cost,
single-chip stereo analog-to-digital converter with
single-ended analog voltage input. The PCM1807
uses a delta-sigma modulator with 64-times
oversampling and includes a digital decimation filter
and high-pass filter that removes the dc component
of the input signal. For various applications, the
PCM1807 supports master and slave mode and two
data formats in serial audio interface.

The PCM1807 has many functions which are con-
trolled through SPI serial-control port: power down,
fade-in and fade-out, polarity control, etc.

The PCM1807 is suitable for wide variety of
cost-sensitive consumer applications where good per-
formance and operation with a 5-V analog supply and
3.3-V digital supply is required. The PCM1807 is
fabricated using a highly advanced CMOS process
and is available in a small, 14-pin TSSOP package.

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.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright © 2005, Texas Instruments Incorporated
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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

A procedures can cause damage.

A

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.

ABSOLUTE MAXIMUM RATINGS

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

PCM1807
Analog supply voltage, Ve -03Vto6.5V
Digital supply voltage, Vpp -0.3Vio4V
Ground voltage differences, AGND, DGND +0.1V
Digital input voltage, LRCK, BCK, DOUT -0.3Vto (Vpp+0.3V)<4V
Digital input voltage, MD, MC, MS, SCKI -03Vto6.5V
Analog input voltage, V\L, VINR, Vrer -0.3Vito (Vec+0.3V)<65V
Input current (any pins except supplies) +10 mA

Ambient temperature under bias, Ty

—40°C to 125°C

Storage temperature, T

-55°C to 150°C

Junction temperature, T, 150°C
Lead temperature (soldering) 260°C,5s
Package temperature (reflow, peak) 260°C

(1) Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating
conditions" is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

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

MIN NOM MAX UNIT
Analog supply voltage, Ve 4.5 5 5.5 \%
Digital supply voltage, Vpp 2.7 3.3 3.6 \%
Analog input voltage, full scale (-0 dB) Vee=5V 3 Vp-p

Digital input logic family

TTL compatible

Digital input clock frequency, system clock 4.096 49.152 MHz
Digital input clock frequency, sampling clock 16 96 kHz
Digital output load capacitance 20 pF
Operating free-air temperature, Tp -40 85 °C




*5‘ TEXAS
INSTRUMENTS

www.ti.com

SLES147-SEPTEMBER 2005

PCM1807

ELECTRICAL CHARACTERISTICS

All specifications at T, = 25°C, V. =5V, Vpp = 3.3V, master mode, fg = 48 kHz, system clock = 512 fg, 24-bit data, unless
otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Resolution 24 Bits
DATA FORMAT
Audio data interface format 12S, left-justified
Audio data bit length 24 Bits
Audio data format MSB-first, 2s complement
fs Sampling frequency 16 48 96 kHz
256 fg 4.096 12.288 24.576
System clock frequency 384 fg 6.144 18.432 36.864 MHz
512 fg 8.192 24576 49.152
INPUT LOGIC
Vip® 2 Vop
Vi Input logic level 0 08 VDC
V@6 2 55
VL6 0 0.8
@ Vin = Voo *10
h® Input logic current Vin=0V +10 pA
IMCOIC) Vin = Vop 65 100
1, DO ViN=0V +10
OUTPUT LOGIC
Vo Output logic level loyr = 4 MA 28 VDC
VoL@ lout = 4 MA 0.5
DC ACCURACY
Gain mismatch, channel-to-channel +1 +3| % of FSR
Gain error +3 +6 | % of FSR
DYNAMIC PERFORMANCE ©)
V|y = —0.5 dB, fg = 48 kHz -93 -87
o ) V|n =—0.5 dB, fg = 96 kHz ©) -87
THD+N Total harmonic distortion + noise dB
V|y = —60 dB, fg = 48 kHz -37
VN = —60 dB, f5 = 96 kHz © -39
) fs = 48 kHz, A-weighted 95 99
Dynamic range - dB
fs = 96 kHz, A-weighted ©) 101
. . . fs = 48 kHz, A-weighted 95 99
SIN Signal-to-noise ratio - dB
fs = 96 kHz, A-weighted ©) 101
. fg = 48 kHz 93 97
Channel separation dB
fs = 96 kHz © 91
ANALOG INPUT
Input voltage 0.6 Ve Vp-p
Center voltage (Vggr) 0.5 Vce \%
Input impedance 60 kQ
Antialiasing filter frequency response | -3 dB 1.3 MHz

(1) Pins 7, 8: LRCK, BCK (Schmitt-trigger input, with 50-kQ typical pulldown resistor, in slave mode)

(2) Pin 6: SCKI (Schmitt-trigger input, 5-V tolerant)

(3) Pins 10-12: MD, MC, MS (Schmitt-trigger input, with 50-kQ typical pulldown resistor, 5-V tolerant)

(4) Pins 7-9: LRCK, BCK (in master mode), DOUT

(5) Analog performance specifications are tested using a System Two™ audio measurement system by Audio Precision™ with 400-Hz HPF
and 20-kHz LPF in RMS mode.

(6) fs =96 kHz, system clock = 256 fs.
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ELECTRICAL CHARACTERISTICS (continued)

All specifications at T, = 25°C, V. =5V, Vpp = 3.3V, master mode, fg = 48 kHz, system clock = 512 fg, 24-bit data, unless
otherwise noted

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
DIGITAL FILTER PERFORMANCE
Pass band 0.454 fg
Stop band 0.583 fg
Pass-band ripple +0.05 dB
Stop-band attenuation -65 dB
Delay time 17.4/fg
HPF frequency response -3dB 0.019 f5/1000
POWER SUPPLY REQUIREMENTS
Vee 45 5 5.5
Voltage range VDC
Vop 2.7 3.3 3.6
8.6 11 mA
lec
Powered down ®) 1 HA
Supply current () fg = 48 kHz 5.9 8 mA
Iob fg = 96 kHz © 10.2 mA
Powered down ® 80 HA
Operatng, fg = 48 kHz 62 81
Power dissipation Operatng, fg = 96 kHz © 77 mw
Powered down ® 270 W
TEMPERATURE RANGE
Ta Operation temperature -40 85 °C
0;a Thermal resistance 170 °CIW

(7) Minimum load on LRCK (pin 7), BCK (pin 8), DOUT (pin 9)
(8) By setting PDWN or SRST bit through serial control port. Halt SCKI, BCK, LRCK.
(9) fg =96 kHz, system clock = 256 fs.
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PIN ASSIGNMENTS
PW PACKAGE
(TOP VIEW)
Vrer C11° 14 [T VinR
AGND 12 131 VL
Vee I3 121 MS
Vpp 14 1[I ] MC
DGND 15 10 11 MD
SCKI 16 9|11 DOUT
LRCK 17 8|11 BCK
P0032-01
TERMINAL FUNCTIONS
TERMINAL lfe} DESCRIPTION
NAME PIN
AGND 2 - Analog GND
BCK 8 I/O | Audio data bit clock input/output ()
DGND 5 - Digital GND
DOUT 9 (@] Audio data digital output
LRCK 7 I/O | Audio data latch enable input/output (1)
MC 11 I Mode control clock input )
MD 10 I Mode control data input ()
MS 12 I Mode control select input @)
SCKI I System clock input; 256 fg, 384 fg or 512 f5®)
Ve - Analog power supply, 5-V
Vpp - Digital power supply, 3.3-V
V|nL 13 | Analog input, L-channel
V|NR 14 | Analog input, R-channel
VRer 1 - Reference voltage decoupling (= 0.5 V)

(1) Schmitt-trigger input with internal pulldown (50-kQ, typical)
(2) Schmitt-trigger input with internal pulldown (50-kQ, typical), 5-V tolerant
(3) Schmitt-trigger input, 5-V tolerant
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Functional Block Diagram
_______________________________________ |
| |
Antialias » | Delta-Sigma . _<_|_>| BCK
Vink | LPF "| Modulator ' I
I > ) >
| A A v Serial | LRCK
x1/64 Interface
! Decimation | » DOUT
VREE — Reference Filter
with Mode/  [€+— Ms
I
| High-Pass Filter P Format |
| \ 4 A4 - Control 4—:— MC
| L .
Antialias . | Delta-Sigma o MD
ViNR | LPF "1 M™odulator ” |
| A A |
I I
I I
I I
I — I
Clock and Timing Control -<—|— SCKI
| Power Supply |
I

Vec AGND DGND  Vpp

B0004-08

TYPICAL PERFORMANCE CURVES OF INTERNAL FILTERS

All specifications at T, = 25°C, V.. =5V, Vp = 3.3 V, master mode, fg = 48 kHz, system clock = 512 fg, 24-bit data, unless
otherwise noted.

DECIMATION FILTER FREQUENCY RESPONSE

OVERALL CHARACTERISTICS STOP-BAND ATTENUATION CHARACTERISTICS

50 0
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G001 G002
Figure 1. Figure 2.




X Texas PCM1807
INSTRUMENTS

www.ti.com
SLES147-SEPTEMBER 2005

TYPICAL PERFORMANCE CURVES OF INTERNAL FILTERS (Continued)

All specifications at T, = 25°C, V. =5V, Vpp = 3.3V, master mode, fg = 48 kHz, system clock = 512 fg, 24-bit data, unless
otherwise noted.

DECIMATION FILTER FREQUENCY RESPONSE (Continued)

PASS-BAND RIPPLE CHARACTERISTICS TRANSITION BAND CHARACTERISTICS
0.2 0 ==
N
-1 \\
0.0 PN\ . /\ /\ \
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3 \

\-4.13 dBat0.5 fg
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Normalized Frequency [x fs] Normalized Frequency [x fs]
G003 G004
Figure 3. Figure 4.

HIGH-PASS FILTER FREQUENCY RESPONSE

HPF STOP-BAND CHARACTERISTICS HPF PASS-BAND CHARACTERISTICS
0 0.2
-10 "
0.0
-20
-30
-0.2
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T -40 °©
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3 35
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£ 60 £
< < o6
=70
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-100 -1.0
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Normalized Frequency [x f5/1000] Normalized Frequency [x f5/1000]
G005 G006
Figure 5. Figure 6.
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THD+N - Total Harmonic Distortion + Noise — dB

THD+N - Total Harmonic Distortion + Noise — dB

TYPICAL PERFORMANCE CURVES

All specifications at T, = 25°C, V. =5V, Vpp = 3.3V, master mode, fg = 48 kHz, system clock = 512 fg, 24-bit data, unless
otherwise noted.
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TYPICAL PERFORMANCE CURVES (Continued)

All specifications at T, = 25°C, V. =5V, Vpp = 3.3V, master mode, fg = 48 kHz, system clock = 512 fg, 24-bit data, unless
otherwise noted.

THD+N DYNAMIC RANGE AND SNR
Vs Vs
fsampLe CONDITION fsampLe CONDITION
-87 105
% X D ‘ R
B | X Dynamic Range
il,", 88 104 a SNR
S -89 103
zZ om
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9] 5 X
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= X X P
I €
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P o5 o o7
=z (1) System Clock = 384 fg (1) System Clock = 384 g
A -96 | @ System Clock =512 fg 96 | (@ System Clock =512 fg
= o (® system Clock = 256 fg o () System Clock = 256 fg
44.11) 48(2) 96(3) 44.10) 48(2) 96(3)
fsampLe Condition — kHz fsampLe Condition — kHz
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Figure 11. Figure 12.
OUTPUT SPECTRUM
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Figure 13. Figure 14.
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TYPICAL PERFORMANCE CURVES (Continued)

All specifications at T, = 25°C, V. =5V, Vpp = 3.3V, master mode, fg = 48 kHz, system clock = 512 fg, 24-bit data, unless
otherwise noted.

OUTPUT SPECTRUM (Continued)
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SUPPLY CURRENT

SUPPLY CURRENT
VS
fsampLe CONDITION

15
X lcc
<
1S
|
=
g 10
3
O X
> X X
Q.
Q.
=)
9]
|
D A
o 5
T
c
&
3
- (1) System Clock = 384 fg
(2) system Clock = 512 fg
(3) system Clock = 256 fg
0 \ !

44.1(1) 48(2) 96(3)

fsampLe Condition — kHz
G016

Figure 16.
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SYSTEM CLOCK

The PCM1807 supports 256 fg, 384 fg and 512 fg as system clock, where fg is the audio sampling frequency. The
system clock must be supplied on SCKI (pin 6).

The PCM1807 has a system clock detection circuit which automatically senses if the system clock is operating at
256 fg, 384 fg, or 512 fg in slave mode. In master mode, the system clock frequency must be controlled through
the serial control port, which uses MD (pin 10), MC (pin 11), and MS (pin 12). The system clock is divided down
automatically to generate frequencies of 128 fg and 64 fg, which are used to operate the digital filter and the
delta-sigma modulator, respectively.

Table 1 shows some typical relationships between sampling frequency and system clock frequency, and
Figure 17 shows system clock timing.

Table 1. Sampling Frequency and System Clock Frequency

SAMPLING FREQUENCY (kHz) SYSTEM CLOCK FREQUENCY (fsc k) (MHZz)
256 fg 384 fg 512 fg
16 4.096 6.144 8.192
32 8.192 12.288 16.384
441 11.2896 16.9344 22.5792
48 12.288 18.432 24.576
64 16.384 24.576 32.768
88.2 22.5792 33.8688 45.1584
96 24.576 36.864 49.152
twisckH) — TP [P tyscky)
SCKI
——— 2V
—— 08V
T0005B07
SYMBOL PARAMETER MIN MAX UNIT
tw(sckH) System clock pulse duration, HIGH 8 ns
tw(sckL) System clock pulse duration, LOW 8 ns

Figure 17. System Clock Timing

FADE-IN AND FADE-OUT FUNCTIONS

The PCM1807 has fade-in and fade-out functions on DOUT (pin 9) to avoid pop noise, and the functions come
into operation in some cases as described in several following sections. The level changes from 0 dB to mute or
mute to 0 dB are performed using calculated pseudo S-shaped characteristics with zero-cross detection.
Because of the zero-cross detection, the time needed for the fade in and fade out depends on the analog input
frequency (f,). It takes 48/f;, until processing is completed. If there is no zero cross during 8192/fg, DOUT is
faded in or out by force during 48/fg (TIME OUT). Figure 18 illustrates the fade-in and fade-out operation
processing.

11
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Fade-In Complete >t 46 < Fade-Out Start

Fade-In Start Fade-Out Complete

DOUT
(Contents) BPZ

\&——— 48/f;, or 48/fg —Jl lh— 48/fi,, or 48/fs —>:

T0080-01

Figure 18. Fade-In and Fade-Out Operations

POWER ON

The PCM1807 has an internal power-on-reset circuit, and initialization (reset) is performed automatically when
the power supply (Vpp) exceeds 2.2 V (typical). While Vpp < 2.2 V (typical), and for 1024 system-clock counts
after Vpp > 2.2 V (typical), the PCM1807 stays in the reset state and the digital output is forced to zero. The
digital output is valid after the reset state is released and the time of 8960/fg has elapsed. Because the fade-in
operation is performed, it takes additional time of 48/f;, or 48/fg until the data corresponding to the analog input
signal is obtained. Figure 19 illustrates the power-on timing and the digital output.

<
w)
lw)
PNN
NP
<<<
I
I
I

| ﬁl— Reset ;:4 Reset Release ———

Internal N RN
Reset L

Operation

I I
4—— 1024 System Clocks —HIqi 8960/fs 4“

TR — I ———

DOUT Zero Data Normal Data

Fade-In Complete

I
I
Fade-In Start :
\AI
I
I
I I
[——— 48/fi or 48/fs ——Py

T0014-09

DOUT |
(Contents) BPZ|

Figure 19. Power-On Timing
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CLOCK-HALT RESET FUNCTIONS

The PCM1807 has a reset function, which is triggered by halting SCKI (pin 6) in both master and slave modes.
The function is available anytime after power on. Reset and power down are performed automatically 4 ps
(minimum) after SCKI is halted. While the clock-halt reset is asserted, the PCM1807 stays in the reset and
power-down mode, and DOUT is forced to zero. Also, all registers except the mode control registers are reset
once. If minimization of power dissipation is required, the PDWN bit must be set to HIGH prior to halting SCKI
through the serial control port as described in the SPI Serial Control Port for Mode Control section. SCKI must be
supplied to release the reset and power-down mode. The digital output is valid after the reset state is released
and the time of 1024 SCKI + 8960/fg has elapsed. Because the fade-in operation is performed, it takes additional
time of 48/f;,, or 48/f5 until the level corresponding to the analog input signal is obtained. Figure 20 illustrates the
clock-halt reset timing.

To avoid ADC performance degradation, BCK (pin 8) and LRCK (pin 7) are required to synchronize with SCKI
within 4480/f5 after SCKI is resumed. If it takes more than 4480/fg for BCK and LRCK to synchronize with SCKI,
SCKI should be masked until the synchronization is formed again, taking care of glitch and jitter. See the typical
circuit connection diagram, Figure 31

To avoid ADC performance degradation, the clock-halt reset also should be asserted when fg, SCKI, MDJ[1:0],
FMT bits, etc., are changed on the fly.

SCKI Halt SCKI Resume

I I
I I
SCKI nﬂnﬂﬂ”( Fixed to Low or High mn__nﬂ”___ﬂﬂn _______
. |
I
| ! |
: I I |
t(ckR) —F—Pll Reset: trsT) _h—>| : :
I | I
| lh— Clock-Halt Reset —»I p—)}— Reset Release: trg|)

l
Internal Operation BN Operation |
Reset [ 1] i
: | |
I I
I
DOUT Normal Data : : : Zero Data Normal Data
I I
: : Fade-In Complete
~ Fade-in Start | S |
pouT Normal Data \A |
(Contents) — |\~ — — — — T T T o~ =
| I
:4— 48/f;, or 48/fg —>|
T0081-01
SYMBOL PARAMETER MIN MAX UNIT
tckRr) Delay time from SCKI halt to internal reset 4 Us
trsT) Delay time from SCKI resume to reset release 1024 SCKI us
tREL) Delay time from reset release to DOUT output 8960/fg us

Figure 20. Clock-Halt Reset Timing
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SERIAL AUDIO DATA INTERFACE
The PCM1807 interfaces the audio system through LRCK (pin 7), BCK (pin 8), and DOUT (pin 9).

INTERFACE MODE

The PCM1807 supports master mode and slave mode as interface modes, which are selected by MD1 and MDO.
MD21 and MDQO are controlled through the serial control port as shown in Table 2.

In master mode, the PCM1807 provides the timing of serial audio data communications between the PCM1807
and the digital audio processor or external circuit. While in slave mode, the PCM1807 receives the timing for data
transfer from an external controller.

Table 2. Interface Modes

MD1 MDO INTERFACE MODE
0 0 Slave mode (256 fg, 384 fg, 512 fg autodetection) (default)
0 1 Master mode (512 fg)
1 0 Master mode (384 fg)
1 1 Master mode (256 fg)

Master mode

In master mode, BCK and LRCK work as output pins, and these pins are controlled by timing which is generated
in the clock circuit of the PCM1807. The frequency of BCK is fixed at 64 BCK/frame.

Slave mode

In slave mode, BCK and LRCK work as input pins. The PCM1807 accepts 64 BCK/frame or 48 BCK/frame
format (only for a 384 fg5 system clock), not 32 BCK/frame format.

DATA FORMAT

The PCM1807 supports two audio data formats in both master and slave modes. The data formats are selected
by FMT, which is controlled through the serial control port as shown in Table 3. Figure 21 illustrates the data
formats in slave mode and master mode.

Table 3. Data Format

FORMAT NO. FMT FORMAT
0 0 12S, 24-bit (default)
1 1 Left-justified, 24-bit

14
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FORMAT 0: FMT =0

24-Bit, MSB-First, 12S

LRCK |
sek _ ][]

Left-Channel

FORMAT 1: FMT =1

24-Bit, MSB-First, Left-Justified

LRCK

Right-Channel

[1T2T5] [22]23]24]

Left-Channel

N

Right-Channel

LSB

LSB

O [ P O

[z

1

LSB

T0016-14

Figure 21. Audio Data Format (LRCK and BCK Work as Inputs in Slave Mode and as Outputs in Master

Mode)
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INTERFACE TIMING
Figure 22 and Figure 23 illustrate the interface timing in slave mode and master mode, respectively.

i« tLrCP) ﬁ

T0017-02

SYMBOL PARAMETER MIN TYP MAX UNIT
teckp) BCK period 1/(64 fs) ns
t@ckH) BCK pulse duration, HIGH 1.5 x tgek ns
t@ckL) BCK pulse duration, LOW 1.5 x tgey ns
trsu) LRCK setup time to BCK rising edge 50 ns
t(LRHD) LRCK hold time to BCK rising edge 10 ns
trep) LRCK period 10 us
tckoo) Delay time, BCK falling edge to DOUT valid -10 40 ns
t(LrRDO) Delay time, LRCK edge to DOUT valid -10 40 ns

NOTE: Timing measurement reference level is 1.4 V for input and 0.5 Vpp for output. Load capacitance of DOUT is 20 pF.
tsck is the SCKI period.

Figure 22. Audio Data Interface Timing (Slave Mode: LRCK and BCK Work as Inputs)
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<4 t(LreP) >

T0018-02

SYMBOL PARAMETER MIN TYP MAX UNIT
teckp) BCK period 150 1/(64 fs) 1000 ns
teckH) BCK pulse duration, HIGH 65 600 ns
teckL) BCK pulse duration, LOW 65 600 ns
tickLr) Delay time, BCK falling edge to LRCK valid -10 20 ns
trep) LRCK period 10 1/t 65 us
tckpo) Delay time, BCK falling edge to DOUT valid -10 20 ns
trRDO) Delay time, LRCK edge to DOUT valid -10 20 ns

NOTE: Timing measurement reference level is 0.5 Vpp. Load capacitance of all signals is 20 pF.

Figure 23. Audio Data Interface Timing (Master Mode: LRCK and BCK Work as Outputs)

|
scki ——f——Nx—"""/F—"—\n """ \""Af—""ANAN"""HF——\N\—"—F—F—\—F—"\—- 14V
I I

|

[ |

—>| |<— t(sckBCK) —>| |<— t(sckBCK)
| |

| | 55
BCK ——— —————————————————/L ———————————————— ———- 05Vpp
| I |
))
T0074-01
SYMBOL PARAMETER MIN TYP MAX UNIT
t(sckack) Delay time, SCKI rising edge to BCK edge 5 30 ns

NOTE: Timing measurement reference level is 1.4 V for input and 0.5 Vpp for output. Load capacitance of BCK is 20 pF. This
timing is applied when SCKI frequency is less than 25 MHz.

Figure 24. Audio Clock Interface Timing (Master Mode: BCK Works as Output)
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SYNCHRONIZATION WITH DIGITAL AUDIO SYSTEM

In slave mode, the PCM1807 operates under LRCK, synchronized with system clock SCKI. The PCM1807 does
not require a specific phase relationship between LRCK and SCKI, but does require the synchronization of LRCK
and SCKI.

If the relationship between LRCK and SCKI changes more than £6 BCKs for 64 BCK/frame (x5 BCKs for 48
BCK/frame) during one sample period due to LRCK or SCKI jitter, internal operation of the ADC halts within 1/fg
and digital output is forced to zero data (BPZ code) until resynchronization between LRCK and SCKI is
established.

In the case of changes less than +5 BCKs for 64 BCK/frame (x4 BCKs for 48 BCK/frame), resynchronization
does not occur and the previously described digital output control and discontinuity do not occur.

Figure 25 illustrates the digital output response for loss of synchronization and resynchronization. During
undefined data, the PCM1807 can generate some noise in the audio signal. Also, the transition of normal data to
undefined data creates a discontinuity in the digital output data, which can generate some noise in audio signal.
The digital output is valid after resynchronization completes and the time of 32/fg has elapsed. Because the
fade-in operation is performed, it takes additional time of 48/f;, or 48/f5 until the level corresponding to the analog
input signal is obtained. If synchronization is lost during the fade-in or fade-out operation, the operation stops and
DOUT is forced to zero data immediately. The fade-in operation resumes from mute after the time of 32/fg
following resynchronization.

It is recommended to set the PDWN bit to HIGH once through the serial control port to get stable analog
performance when the sampling rate, interface mode, or data format is changed.

Resynchronization Resynchronization
Synchronization Lost | Synchronization Lost |
I | I |
State of ! l ! |
s A Synchronous Asynchronous Synchronous Asynchronous Synchronous
ynchronization | |

I I

I | I I

1/fs _H—Nl —— 32ffs —>I| I |
I | I

| -
DOUT Normal Data X Ungz?gw Zero Data Normal Data Zero Data Normal Data

Fade-In Complete

Fade-In Start

S

Normal Data

DoUT aWaN
(Contents) BPZ |—————— i

I
J
I
I

I(— 48/fi, or 48/fg —)|

T0082-01

Figure 25. ADC Digital Output for Loss of Synchronization and Resynchronization
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FUNCTION CONTROL

The PCM1807 has the following functions which can be controlled through the serial control port. When the
LRCK (fg), SCKI, MD[1:0], or FMT bit is changed on the fly, a clock-halt reset or an immediate reset by PDWN or
SRST via the serial control port is recommended to obtain stable analog performance.

MUTE

The MUTE bit controls fade-in and fade-out operation for DOUT. When the MUTE bit is set from 0 to 1, the
fade-out operation provides step-down digital attenuation to prevent a pop noise. When the MUTE bit is set from
1 to O, the fade-in operation provides a step-up digital gain to prevent a pop noise. The digital output of DOUT
behaves as shown in Figure 18.

Table 4. Mute On/Off Control

MUTE MUTE CONTROL
0 Normal operation (default)
1 Mute on

POLARITY CONTROL

By setting PREV = 1, the PCM1807 inverts the data on DOUT relative to that of the analog signal on V,L/V\R
(pin 13/pin 14). Because the inversion occurs immediately after the PREV bit changes, pop noise can be
generated at the change. It is recommended that MUTE or PDWN be asserted before using PREV.

Table 5. Polarity Control

PREV POLARITY CONTROL
0 Normal operation (default)
1 Invert

MODE CONTROL REGISTER RESET
The MRST bit is used to reset the mode control register to the default setting.

Table 6. Mode Control Register Reset

MRST MODE CONTROL REGISTER RESET
0 Set default value
1 Normal operation (default)
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POWER DOWN

The PDWN bit controls the operation of the PCM1807. During power-down mode, both supply current for the
analog section and clock signal for the digital section are shut down, and DOUT is forced to zero. Also, all
registers except the mode control registers are reset once. The PCM1807 minimizes power dissipation during the
power-down mode. When the PCM1807 takes power down or power up, fade-out or fade-in which is shown in
Figure 18 is asserted, respectively. The system clock must be input until the fade-out process completes and
prior to PDWN deassertion. The digital output is valid after the reset state is released and the time of 1024 SCKI
+ 8960/fs has elapsed. Because the fade-in operation is processed, it takes additional time of 48/f;, or 48/fg until
the level corresponding to the analog input signal is obtained. Figure 26 illustrates DOUT behavior on the
power-down and power-up sequence by PDWN.

()()
PDWN
__________ -
~ i T o s
I
| Reset: t(RST Reset Release: t(rey)
|
Internal
Operation
Reset _l_ (¢ P |
- T o ) e
I
I
|
DOUT Normal Data Zero Data Normal Data
. ((
| )7

Fade-Out StartI | Fade-In Complete

|
I |
~a Fade-Out Complete : ~al
|
|
|

Fade-In Start /
Sa |
(, | ______ :_
| \_
|

Normal Data
pout . |NormalData ™o
(Contents) |

I
l& 48/f, or 48/fg ->I Iq- 48/ or 48/fs
T0083-01
SYMBOL PARAMETER MIN MAX UNIT
trsT) Delay time from SCKI resume to reset release 1024 SCKI us
trEL) Delay time from reset release to DOUT output 8960/fg ps

Figure 26. Power Up/Power Down Sequence by PDWN

Table 7. Power-Down Control

PDWN POWER DOWN
0 Normal operation (default)
1 Power-down mode
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SYSTEM RESET

The SRST bit controls the entire ADC operation except fade-out. DOUT is forced to zero immediately and the
PCM1807 goes into power-down state. Also, all registers except the mode control register are reset once. The
PCM1807 minimizes power dissipation during the power-down state. When the PCM1807 powers up, the digital
output is valid after the reset state is released and the time of 1024 SCKI + 8960/fs has elapsed. Because the
fade-in operation is performed, it takes additional time of 48/f,, or 48/f5 until the level corresponding to the analog
input signal is obtained. Figure 27 illustrates DOUT behavior during the power-down and power-up sequences by
SRST.

SRST

D z;FLFLHﬂML— R 1] e —

Internal [
Reset (¢ |

DOUT Normal Data Zero Data Normal Data

| : Fade-In Complete
| \A |
Fade-In Start |
Normal Data
DouT ool ( \AI ______ :_
(Contents) )] | |
I
I

|
l¢ 48/t or 48/fs
I _»l

T0084-01

SYMBOL PARAMETER MIN MAX UNIT
trsT) Delay time from SCKI resume to reset release 1024 SCKI ps
trEL) Delay time from reset release to DOUT output 8960/fg ps

Figure 27. Power-Up/Power-Down Sequence by SRST

Table 8. System Reset Control

SRST SYSTEM RESET
0 System reset
1 Normal operation (default)
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SPI SERIAL CONTROL PORT FOR MODE CONTROL

The user-programmable built-in functions of the PCM1807 can be controlled through the serial control port with
SPI format. All operations for the serial control port use 16-bit data words. Figure 28 shows the control data word
format. The most-significant bit must be set to 0. Seven bits, labeled IDX[6:0], set the register index (or address)
for the write operations. The least-significant eight bits, D[7:0], contain the data to be written to the register
specified by IDX[6:0].

Figure 29 shows the functional timing diagram for writing to the serial control port. MS (pin 12) is held at a logic-1
state until a register is to be written. To start the register write cycle, MS is set to logic-0. Sixteen clocks are then
provided on MC (pin 11), corresponding to the 16 bits of the control data word on MD (pin 10). After the 16th
clock cycle has completed, the data is latched into the indexed-mode control register in the write operation. To
write subsequent data, MS must be set to 1 once.

MSB LSB
0 IDX6 | IDX5 | IDX4 | IDX3 | IDX2 | IDX1 | IDX0| D7 D6 D5 D4 D3 D2 D1 DO

Register Index (or Address) Register Data

R0001-01

Figure 28. Control Data Word Format for MD

h .
e MU U LU U U LU LU LU

MD | x | o |ioxs|ipxs | ibxa | ioxa| ibx2 | 1bx1 | ibxo| D7 | D6 | D5 | Da | D3 | D2 | D1 | DO | X | X | 0 |IDX6|

T0048-03

Figure 29. Serial Control Format
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CONTROL INTERFACE TIMING REQUIREMENTS

Figure 30 illustrates a detailed timing diagram for the serial control port. These timing parameters are critical for
proper control port operation.

T0013-06

SYMBOL PARAMETER MIN MAX UNIT
tovcy) MC pulse cycle time 100 ns
tavcy) MC low-level time 40 ns
tvcH) MC high-level time 40 ns
tMHH) MS high-level time tmey ns
tvss) MS falling edge to MC rising edge 15 ns
tvsH) MS hold time () 15 ns
tvDH) MD hold time 15 ns
tvps) MD setup time 15 ns

(1) MC rising edge to MS rising edge for the MC pulse corresponding to the LSB of MD

Figure 30. Control Interface Timing
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MODE CONTROL REGISTER

The user-programmable mode control functions and the mode control register bit map are shown in Table 9 and
Table 10.

Table 9. User-Programmable Mode Controls

FUNCTION RESET DEFAULT REGISTER BIT(S)
Mode control register reset Normal operation 49 MRST
System reset Normal operation 49 SRST
Audio interface mode control Slave mode 49 MD[1:0]
Audio interface format control 12S, 24-bit 49 FMT
Power-down control Normal operation 49 PDWN
DOUT data polarity selection Normal operation 49 PREV
DOUT data mute control Normal operation 49 MUTE
Table 10. Mode Control Register Bit Map
(Blldl?—xBS) RECIS- |B15| B14 | B13 | B12 | B11 | B0 | BO | B8 | B7 | B6 | BS | B4 | B3 | B2 | Bl | BO
31h 49 0 0 1 1 0 0 0 1 MRST | SRST | MD1 | MDO FMT | PDWN | PREV | MUTE
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APPLICATION INFORMATION
TYPICAL CIRCUIT CONNECTION DIAGRAM

Figure 31 is typical circuit connection diagram. The antialiasing low-pass filters are integrated on the analog
inputs, VL and VyR. If the performance of these filters is not adequate for an application, appropriate external
antialiasing filters are needed. A passive RC filter (100 Q and 0.01 pF to 1 kQ and 1000 pF) generally is used.

PCM1807
= —@ |
Cs® |+ ® +, C@
—”—E VREF VINR | 14 R-ch IN
T L4 cm
=@ 2 | AGND VinL | 23 |—<L-ch IN
4
5v T 3| Ve MS E<J€—'
4 ps (min) [ L
4> 33V A 4 | Vpp MC E‘i MCU
3
L y 5 | DGND MD E‘i
Mask N\ \Y4
as : ) » 6 | scki DOUT E’i
X14
PLL170x 4"2 LRCK BCK E‘_
DSP
or
Audio
Processor
S0113-01

(1) C1, C2: A 1-pF electrolytic capacitor gives 2.7 Hz (t = 1 pF x 60 kQ) cutoff frequency for the input HPF in normal
operation and requires a power-on settling time with a 60-ms time constant in the power-on initialization period.

(2) C3, C4: Bypass capacitors, 0.1-uF ceramic and 10-pF electrolytic, depending on layout and power supply
(3) C5: 0.1-pF ceramic and 10-pF electrolytic capacitors are recommended.

(4) X1: X1 masks the system clock input when using the clock-halt reset function with external control.

(5) Optional external antialiasing filter could be required, depending on the application.

Figure 31. Typical Circuit Connection Diagram

BOARD DESIGN AND LAYOUT CONSIDERATIONS

Vces Vpp PINS

The digital and analog power supply lines to the PCM1807 should be bypassed to the corresponding ground pins
with both 0.1-uF ceramic and 10-uF electrolytic capacitors as close to the pins as possible to maximize the
dynamic performance of the ADC.

AGND, DGND PINS

To maximize the dynamic performance of the PCM1807, the analog and digital grounds are not internally
connected. These grounds should have low impedance to avoid digital noise feedback into the analog ground.
They should be connected directly to each other under the PCM1807 package to reduce potential noise
problems.

VL, VixR PINS

VL and VR are single-ended inputs. The antialias low-pass filters are integrated on these inputs to remove the
noise outside the audio band. If the performance of these filters is not adequate for an application, appropriate
external antialiasing filters are required. A passive RC filter (100 Q and 0.01 pF to 1 kQ and 1000 pF) is
generally used.

25



PCM1807 X Texas
INSTRUMENTS

www.ti.com
SLES147—-SEPTEMBER 2005

APPLICATION INFORMATION (continued)
Vrer PIN

To ensure low source impedance of the ADC references, 0.1-uF ceramic and 10-pF electrolytic capacitors are
recommended between Vger and AGND. These capacitors should be located as close as possible to the Vier
pin to reduce dynamic errors on the ADC references.

DOUT PIN

The DOUT pin has a large load-drive capability, but if the DOUT line is long, locating a buffer near the PCM1807
and minimizing load capacitance is recommended to minimize the digital-analog crosstalk and maximize the
dynamic performance of the ADC.

SYSTEM CLOCK

The quality of the system clock can influence dynamic performance, as the PCM1807 operates based on a
system clock. Therefore, it may be necessary to consider the system clock duty, jitter, and the time difference
between system clock transition and BCK or LRCK transition in slave mode.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
PCM1807PW ACTIVE TSSOP PW 14 90 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 PCM1807
& no Sh/Br)
PCM1807PWR ACTIVE TSSOP PW 14 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 PCM1807
& no Sh/Br)
PCM1807PWRG4 ACTIVE TSSOP PW 14 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40t0 85 PCM1807
& no Sh/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
+ —> KO |e— P1—»]
% { I
iy’
& & & || 8o
x | l
A T {
Cavity AR <
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
P1 Pitch between successive cavity centers
E W1
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
PCM1807PWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
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Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
PCM1807PWR TSSOP PW 14 2000 367.0 367.0 35.0
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MECHANICAL DATA

PW (R—PDSO—G14)

PLASTIC SMALL OUTLINE

omg o -
— 075
4§ 0,50
| | = |
vy L i Seating Plane # J_\ /_L
0,15 N
L 1,20 MAX 00E O,WO

4040064-3/G 02/

NOTES: A
B.

E.

Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.
This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0,15 each side.

Body width does not include interlead flash.

Falls within JEDEC MO-183

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0,25 each side.
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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 JESDA48, 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 Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl 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. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl 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 Tl 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 Tl 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 Tl products; by downloading, accessing or using Tl 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 Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl 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 Tl 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 I1S” 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 Tl 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 Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl 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 Tl 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.qg., 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 Ill devices and equivalent classifications outside the U.S.

Tl 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
reguirements in connection with such selection.

Designer will fully indemnify Tl 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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