WINSDODURCE

ELECTRONICS

THE DATASHEET OF
CDCE421AEVM

www.win-source.net e / SY 0086-755-83957316




13 TEXAS
INSTRUMENTS

www.ti.com

CDCE421A

SCAS873—-APRIL 2009

Fully-Integrated, Wide Range, Low-Jitter
Crystal Oscillator Clock Generator

FEATURES

e Single Supply at 3.3 V for LVPECL or LVDS
Operation

» High-Performance Clock Multiplier,
Incorporating Crystal Oscillator Circuitry with
Integrated Frequency Synthesizer

* Low Output Jitter: 380 fs RMS typical
(from 10 kHz to 20 MHz)

* Low Phase Noise at High Frequency (708-MHz
LVPECL):
— Typically =109 dBc/Hz at 10 kHz and

—146dBc/Hz at 10 MHz from the carrier

e Supports Crystal or LVCMOS Input
Frequencies from 27.35 MHz to 38.33 MHz

* Output Frequency Ranges from 10.9 MHz to
766.7 MHz and from 875.2 MHz to 1175 MHz

» Low-Voltage Differential Signaling (LVDS)
Output, 100-Q Differential Off-Chip
Termination, 10.9-MHz to 400-MHz Frequency
Range

» Differential Low-Voltage Positive Emitter
Coupled Logic (LVPECL) Outputs, 10.9-MHz to
1.175-GHz Frequency Range

Two Fully-Integrated Voltage-Controlled
Oscillators (VCO) Support Wide Output
Frequency Range

Fully Integrated Programmable Loop Filter
Typical Power Consumption at 3.3 V:

— 274 mW in LVDS mode

— 250 mW in LVPECL mode

Chip Enable Control Pin

Simple Serial Interface Allows Programming
after Manufacturing

Integrated On-Chip Nonvolatile Memory
(EEPROM) Stores Settings Without Applying
High Voltage

Available in 4-mm x 4-mm QFN-24 Package
ESD Protection Exceeds 2 kV (HBM)
Industrial Temperature Range: —40°C to +85°C

APPLICATIONS

Low-Cost, High-Frequency Crystal Oscillator

Program

Output Enable/Programming Interface and EEPROM for Configuration Settings

Loop Filter
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2 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.

All trademarks are the property of their respective owners.

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.
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DESCRIPTION

The CDCE421A is a high-performance, low phase noise clock generator. It has two fully-integrated, low-noise,
LC-based voltage-controlled oscillators (VCOs) that operate in the 1.750-GHz to 2.350-GHz frequency range'V. It
also features an integrated crystal oscillator that operates in conjunction with an external AT-cut crystal to
produce a stable frequency reference for the phase-locked loop (PLL) based frequency synthesizer.

The output frequency (foyt) is proportional to the frequency of the input crystal (fyra ). The prescaler divider,
feedback divider, output divider, and VCO selection set the output frequency with respect to fyra . Table 2
provides the look-up information for a desired frequency, foyt, and the corresponding settings for the dividers
and VCO selection. To calculate the exact crystal oscillator frequency required for the desired output, use the
formula in Equation 1.

¢ —|_Output Divider |
XTAL 1 Feedback Divider | = VT

(1)
Where:

« Output divider® =1, 2, 4, 8, 16, and 32

« Feedback divider® = 12, 16, 20, and 32

In the CDCE421A, the feedback divider is set automatically with respect to the prescaler setting. The product of
the prescaler and the feedback divider should be between 60 and 64 as shown in Table 2 to maintain a stable
control loop.

Figure 1 shows a high-level block diagram of the device. The CDCE421A supports one differential LVDS clock
output or one differential LVPECL output. All device settings are programmable through a proprietary simple
serial interface (SSI).

The device operates in 3.3-V supply environment for both LVPECL and LVDS outputs and is characterized for
operation from —40°C to +85°C. The CDCE421A is available in a QFN-24 4-mm x 4-mm package.
CDCEA421 Users:

The CDCE421A provides several device enhancements to the CDCE421. For a complete description of
differences between these products, refer to Appendix C: Application Information.

CDCE421A
XINT ® Crystal :
XIN2 Oscillator PED Loop Filter VCO1
Charge Pump f\ 1894
Feedback
Divider
12, 16, 20, and 32 [
B LVPEb
Prescaler : f
CE 2,3,4,and 5
1-Pin Interface EEPROM
and LVDS
Control
Output Divider L
Program 1,2,4,8,16,and 32
Figure 1. Functional Block Diagram
(1) Output divider and feedback divider should be from the same row in Table 2.
(2) Feedback divider is set automatically with respect to the prescaler setting in Table 2.
2 Submit Documentation Feedback Copyright © 2009, 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
A 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.
AVAILABLE OPTIONS®

Ta PACKAGED DEVICES FEATURES
CDCE421ARGET 24-pin QFN (RGE) package, small tape and reel
CDCE421ARGER 24-pin QFN (RGE) package, tape and reel

—40°C to +85°C

(1) For the most current specifications and package information, see the Package Option Addendum located at the end of this data sheet or
refer to our web site at www.ti.com.

ABSOLUTE MAXIMUM RATINGS

Over operating free-air temperature range (unless otherwise noted).®

CDCE421A UNIT
Vbb Supply voltage @ -0.51t0 4.6 Y
vV Voltage range for all other input pins® —0.5t0 Ve to +0.5 Y
lo Output current for LVPECL -50 mA
ESD Electrostatic discharge (HBM) 2 kv
Ta Specified free-air temperature range (no airflow) —40 to +85 °C
T, Maximum junction temperature +125 °C
Tste Storage temperature range —65 to +150 °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
condition is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to network ground terminal.

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

MIN NOM MAX | UNIT
Vpp Supply voltage 3.0 3.30 3.60 \%
Ta Ambient temperature (no airflow, no heatsink) —40 +85| °C
Copyright © 2009, Texas Instruments Incorporated Submit Documentation Feedback 3
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ELECTRICAL CHARACTERISTICS
Over recommended operating conditions (unless otherwise noted).

CDCE421A
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vpp Supply voltage 3.00 3.30 3.60 \%
lvpp (LVDS) Total current LVDS Mode 83 103 mA
lvpp (LVPECL) Total current LVPECL Mode 91 110 mA
' Startup tme Bovier Supply Raimp Time = 1 ms- 4 ms
LVDS Output Mode (See Figure 2 and Figure 4)
fok Output frequency 10.9 400 MHz
Vool LVDS differential output voltage R. =100 Q 247 454 mV
AVop LVDS Vp magnitude change 50 mV
Vos Offset voltage —40°C to +85°C 1.1 1.3 \%
AVos Vos magnitude change 50 mV
tr Output rise time 20% to 80% of Vour(rp) 230 ps
te Output fall time 20% to 80% of Vour(pp) 230 ps
o Short Voyr+ to ground, Voyt =0V 30 mA
los Short-circuit output current
Short Voyr_ to ground, Voyr =0V 30 mA
Duty cycle of the output waveform 45 55 %
ti, RMS RMS jitter 10 kHz to 20 MHz 1| ps, RMS
LVPECL Output Mode (See Figure 3 and Figure 5)
foik Output frequency 10.9 1175 MHz
Vou LVPECL high-level output voltage Vec—1.2 Vee —0.81 \%
VoL LVPECL low-level output voltage Vee —2.17 Vee —1.36 \%
Vool LVPECL differential output voltage 407 1076 mV
tr Output rise time 20% to 80% of Vour(rp) 230 ps
te Output fall time 20% to 80% of Vour(pp) 230 ps
Duty cycle of the output waveform 45 55 %
ti, RMS RMS jitter 10 kHz to 20 MHz 1| ps, RMS
LVCMOS Input
VL, cMmos Low-level CMOS input voltage Vpp =33V 0.3 x Ve \%
ViH, cMos High-level CMOS input voltage Vpp =33V 0.7 x Vee \%
I, cmos Low-level CMOS input current Vop = Vop, max: ViL =0.0V -200 HA
In, cmos High-level CMOS input current Vob = Vop, mins Vin = 3.7V 200 HA
4 Submit Documentation Feedback Copyright © 2009, Texas Instruments Incorporated
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PIN DESCRIPTIONS

DEVICE INFORMATION

RGE PACKAGE
QFN-24
(TOP VIEW)

CcE[1) r
NC [2) i
SDATA [3) |
NC [4) i
NC [5) i
Nne[6) -

D
KD,
ED,
0
12

NC
VCC
Thermal Pad

(Bottom Side)

1
1
1
1
' vee
1

CDCE421A |
1
1
1
1

NC

NC

EIRICICIEIE

3| NC

Table 1. CDCE421A Pin Descriptions

TERMINAL TERMINAL ESD
NAME NO. TYPE PROTECTION DESCRIPTION
Chip enable
CE 1 | v CE = 1: enable the device and the outputs.
CE = 0: disable all current sources; in LVDS mode, LVDSP = LVDSN = Hi-Z;
in LVPECL mode, LVPECLP = LVPECLN = Hi-Z.
GND 8,9 GND Y Ground
2, 4-6,
No connect 11-15, Do not connect these pins. Leave them floating.
18-20, 23,24
OUTN 7 o v High-speed negative differential LVPECL or LVDS outputs. (Outputs are
enabled by CE and selected by the EEPROM configuration registers.)
oUTP 10 o v High-speed positive differential LVPECL or LVDS outputs. (Outputs are
enabled by CE and selected by the EEPROM configuration registers.)
SDATA 3 | Y Programming pin using TI proprietary interface protocol
VCC 16, 17 Power Y 3.3-V power supply
In crystal input mode, connect XIN1 to one end of the crystal and XIN2 to the
XIN1 21 | Y other end of the crystal. In LVCMOS input single-ended driven mode, XIN1
XIN2 22 GND/NC N (pin 21) acts as an input reference, and XIN2 should connect to GND or it can
be left unconnected.
Copyright © 2009, Texas Instruments Incorporated Submit Documentation Feedback
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DEVICE SETUP AND CONFIGURATION

Table 2. Crystal Frequency Selection and Device Settings

DESIRED OUTPUT REQUIRED INPUT CRYSTAL

FREQUENCY (MHz) FREQUENCY (MHz) VCO OUTPUT | PRESCALER | FEEDBACK

From To From To SELECTION DIVIDER SETTING DIVIDER®
1020 1175 31.875 36.719 VCO 2 1 2 32
875.2d 1020 27.351 31.875 VCO 1 1 2 32
680 766.7 34 38.333 VCO 2 1 3 20
583.5 680 29.174 34 VCOo 1 1 3 20
510 587.5 31.875 36.719 VCO 2 1 4 16
437.6 510 27.351 31.875 VCO 1 1 4 16
408 460 34 38.333 VCO 2 1 5 12
350.1 408 29.174 34 VCOo 1 1 5 12
340 383.3 34 38.333 VCO 2 2 3 20
291.7 340 29.174 34 VCOo 1 2 3 20
255 293.8 31.875 36.719 VCO 2 2 4 16
218.8 255 27.351 31.875 VCOo 1 2 4 16
204 230 34 38.333 VCO 2 2 5 12
175 204 29.174 34 VCOo 1 2 5 12
170 191.7 34 38.333 VCO 2 4 3 20
145.9 170 29.174 34 VCO 1 4 3 20
1275 146.9 31.875 36.719 VCO 2 4 4 16
109.4 1275 27.351 31.875 VCOo 1 4 4 16
102 115 34 38.333 VCO 2 4 5 12
87.5 102 29.174 34 VCOo 1 4 5 12
85 95.8 34 38.333 VCO 2 8 3 20
72.9 85 29.174 34 VCOo 1 8 3 20
63.8 73.4 31.875 36.719 VCO 2 8 4 16
54.7 63.8 27.351 31.875 VCOo 1 8 4 16
51 57.5 34 38.333 VCO 2 8 5 12
438 51 29.174 34 VCOo 1 8 5 12
425 47.9 34 38.333 VCO 2 16 3 20
36.5 425 29.174 34 VCO 1 16 3 20
31.9 36.7 31.875 36.719 VCO 2 16 4 16
27.4 31.9 27.351 31.875 VCOo 1 16 4 16
255 28.8 34 38.333 VCO 2 16 5 12
21.9 25.5 29.174 34 VCO 1 16 5 12
21.3 24 34 38.333 VCO 2 32 3 20
18.2 21.3 29.174 34 VCO 1 32 3 20
15.9 18.4 31.875 36.719 VCO 2 32 4 16
13.7 15.9 27.351 31.875 VCOo 1 32 4 16
12.8 14.4 34 38.333 VCO 2 32 5 12
10.9 12.8 29.174 34 VCO 1 32 5 12

(1) Feedback divider is set automatically with respect to the prescaler setting.
(2) Discontinuity in frequency range.

6 Submit Documentation Feedback
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Device Setup Example

The following example illustrates the process to calculate the required AT-cut crystal frequency that is needed to
generate a desired output frequency.

Assume we need to generate an output frequency of 622.08MHz. We use Table 3 to find that the desired output
frequency lies between 583.5 and 680.0MHz.

Table 3. Crystal Frequency Selection and Device Settings (Selection)

DESIRED OUTPUT REQUIRED INPUT CRYSTAL

FREQUENCY (MHz) FREQUENCY (MHz) VCOo OUTPUT PRESCALER | FEEDBACK
From To From To SELECTION DIVIDER SETTING DIVIDER®
680.0 766.7 34.000 38.333 VCO 2 1 3 20
583.5 680.0 29.174 34.000 VCO 1 1 3 20
510.0 587.5 31.875 36.719 VCO 2 1 4 16

(1) Feedback divider is set automatically with respect to the prescaler setting.

This frequency value means that the device must be configured in the following way:
VCO: VCO1
Output divider: 1
Prescaler setting: 3

To determine the correct crystal frequency required to achieve 622.08 MHz with these settings, we use
Equation 2, explained earlier in this data sheet.

fern =| — | x 622.08 = 31.154 MHz
20 -

Thus, the AT-cut frequency should be 31.154 MHz (that is, between 29.174 MHz and 34.000 MHz, as shown in
Table 3).

Serial Interface and Control

The CDCE421A uses a unique, Tl-proprietary interface protocol that can be configured and programmed via a
single input pin to the device. The architecture enables only writing to the device from this input pin. Reading the
content of a register can be achieved by sending a read command on the input pin and monitoring the desired
output pins (LVDS or LVPECL). In cases where the output pins cannot be used to read the content, the software
that controls the interface must account for what is written to the EEPROM and when it is programmed.
Monitoring the outputs verifies the programming modes; cycling the power on the device verifies that the
EEPROM contains the proper configuration.

The CDCE421A can be configured and programmed via the SDATA input pin. For this purpose, a pulse-code
shaped programming sequence must be written to the device as described in the EEPROM Programming
section. During the EEPROM programming phase, the device requires a stable supply voltage (Vpp) of 3.3 V
+300 mV for securely writing to the EEPROM cells. After each Write to WordX instruction, the written data are
latched, made effective, and offer look-ahead before the actual data are stored into the EEPROM.

Copyright © 2009, Texas Instruments Incorporated Submit Documentation Feedback 7
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Table 4 summarizes all valid programming commands for the CDCE421A.
Table 4. CDCE421A Programming Commands
SDATA FUNCTION
001100 Enter Programming Mode (State 1—State 2); bits must be sent in the specified order with the
specified timing. Otherwise a time-out occurs.
111011 Enter Register Readback Mode; bits must be sent in the specified order with the specified timing.
Otherwise a time-out occurs.
000 XXXX XXXX Write to Wordo (State 2) W@)©)
100 XXXX XXXX Write to Word1 (State 2) D@®)
010 XXXX XXXX Write to Word2 (State 2) W@)®)
110 XXXX XXXX Write to Word3 (State 2) D@®)
001 XXXX XXXX Write to Word4 (State 2) D@@®)
101 XXXX XXXX Write to Word5 (State 2) D@)®)
111 XXXX XXXX State Machine Jump: All other patterns not defined as below cause Exit to Normal Mode
111 1111 0000 Jump: Enter EEPROM programming without EEPROM lock (State2 —State 3)
111 0101 0101 Jump: Enter EEPROM programming with EEPROM lock (State 2—State 4)
111 0000 0000 Jump: Exit EEPROM programming (State 3 or State 4—State 1)

(1) Each rising edge causes a bit to be latched.

(2) In between the bits, some longer time delays can occur, but these delays have no effect on the data.

(3) A Write to WordX instruction is expected to be 10 bits long. After the tenth bit, the respective word is latched, and its effect can be
observed as a look-ahead function.

Outputs (LVPECL or LVDS)

The CDCE421A device has two sets of output drivers, LVPECL and LVDS, where the outputs are wire-ORed
together. Only one output can be selected at a given time; the other output goes to a high-impedance (Hi-Z)
state.

If the device is configured for LVPECL outputs, the output buffers go to Hi-Z ,and the termination resistors
determine the state of the output (LVPECLP = LVPECLN = Hi-Z) in the device disable mode (CE = L). If the
device is configured in LVDS mode, the outputs go to a Hi-Z state if the device is disabled (CE = L).

8 Submit Documentation Feedback Copyright © 2009, Texas Instruments Incorporated
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State Flow

Power Up:
) Read EEPROM
V\\,IV ”tdeo and configure
or
Power-Up
i Reset
w::ts: \ Completed
~ SDATA =
SDATA = 000 003000 [ gtated: Idle SDATA = 111011
11th Bit 100 XXXX XXXX Normal

Operation

SDATA =
1111111 1111

State5:
Readback
Mode

60th Clock
11th Bit Applied

Written State2:

Programming
Mode

Written
€—— SDATA =
010 XXXX XXXX \

SDATA = 001100

SDATA = /_

110 XXXX XXXX

11th Bit
Written

SDATA =
001 XXXX XXXX

SDATA =
101 XXXX XXXX

SDATA =
1110101 0101

SDATA =
111 1111 0000

11th Bit
Written

11th Bit
Written

SDATA =
111 0000 0000

SDATA =
111 0000 0000

State4:
Programming
EEPROM
Locking

State3:
Programming
EEPROM
No Locking

(1) In States 2, 3, 4, and 5, the signal pin CE is disregarded and has no influence on power down.

State Flow Diagram of Single Pin Interface

Copyright © 2009, Texas Instruments Incorporated Submit Documentation Feedback 9
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Enter Programming Mode

Figure 2 shows the timing behavior of data to be written into SDATA. The sequence shown is '001100'. If the
high period is as short as t;, this period is interpreted as '0'. If the high period is as long as ts, this period is
interpreted as a '1'. This behavior is achieved by shifting the incoming signal SDATA by time t5 into signal
SDATA_DELAYED. As Figure 2 shows, SDATA_DELAYED can be used to latch (or strobe) SDATA. The
specification for the timings t; through t;, tg and tz are shown in Table 5.

1
cE —i/ | s tel s o te
l—————— le———
e 4 A ST .
SDATA YI \ i \ i / i \ i \_uj_\ i )\ i
SDATA ty | " ! | ! ' | |
' f\ [\ [ Y B
DELAYED | ! ! ,:f \—{ ! !
|
DATA 0 0 1 1 0 0

Figure 2. SDATA/CE Timing

Table 5. SDATA/CE Timing Requirements®

PARAMETER MIN TYP MAX | UNIT
fspatacLk | Repeat frequency of programming 60 70 80 kHz
t1 Low signal: High pulse duration 0.2t ms
to Low signal: Low pulse duration during Entering Programming sequence 0.8t ms

Low signal: Low pulse duration during programming bits 0.8t ms
t3 High signal: High pulse duration 0.8t ms
ty High signal: Low pulse duration during Entering Programming sequence 0.2t ms

High signal: Low pulse duration during programming bits 0.2t ms
tg Time-out during Entering Programming Mode and Enter Readback Mode until 16 ms

next bit must occur. High-pulse or low-pulse duration each must be less than this

time; otherwise, a time-out results.
t7 EN-high time before first SDATA can be clocked in 3t ms
tr/te Rise and fall time from 20% to 80% of Vpp 2 ns

(1) t= lfspatacLk-

EEPROM Programming
To program the EEPROM, follow the procedure outlined in this section.

Load all the registers in RAM by writing to WordO ... Word5. After going back to State 2, then go to State 3
(Programming EEPROM, No Locking) or State 4 (Programming EEPROM with Locking). The contents of Word0O
... to Word5 are saved in the EEPROM. Wait 10ms in State 3 or State 4 when programming the EEPROM
before moving to State 2 (idle state).

NOTE:

When writing to the device for functionality testing and verification via the serial bus,
you are only accessing the RAM. The programming of the CDCE421A can only be
performed at Ve = 3.3 V and at room temperature (+25°C).

10 Submit Documentation Feedback Copyright © 2009, Texas Instruments Incorporated
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Programming Cycle of Six Words and Programming Into EEPROM Example

Figure 3 shows an Enter Programming Mode sequence and how the different words can be written. The
addressing of WordO ... Word5 can be seen in bold. After that, the inverted payload for the respective word is
clocked in. In this example, this step is followed by a Jump from State 2—State 3 into Enter EEPROM
programming with EEPROM lock. In the EEPROM programming state, it is required to wait at least 10ms for
save programming to occur. The last command is a jump from State 3 back to State 1 (normal operation). Then
cycle the power and verify that the device is functioning as programmed.

0 o o o i

A~
Enter Programming Sequence Word0 Payload
— —~ \ After eight bits, the payload data
Word1 Payload are transferred to the RAM

and become active
L] L]

T O

Word5 Payload Wait for at least 10 ms

” | I | I ﬂ_l ﬂ_l ﬂ_l ﬂ_l H_IJ ()()‘/ before exiting the EEPROM write phase

\ N for save operation
State Machine Jump State 2 — State 3
g T
State Machine Jump State 3 — State 1

Figure 3. Programming Cycle of Six Words and Programming Into EEPROM

Enter Register Readback Mode

Similar to the Enter Programming Mode sequence, the Enter Register Readback Mode is written into SDATA.
After the command has been issued, the SDATA-input is reconfigured as the clock input. By applying one clock,
the EEPROM content is read into the shift registers. Then, by applying further clocks at SDATA, the EEPROM
content can be clocked out and observed at FOUT. Additionally, FOUT is reconfigured during this operation, as
can be seen in Figure 4. There are 59 bits to be clocked out. With the 61st rising clock edge, the FOUR pin is
reconfigured for normal operation.

SDATA ][] [1][]o [1]]+ N [ M .l [ [ [

)y /
I(¢

FOUT | Output Oscillation \| 0 | 1 | 2 | (’(’ | 56 | 57 | 58 \| Output Oscillation
N A . A X N . J

Enter Readback Sequence Fetch EEPROM EEPROM content: first bit available 60th falling edge

content with after first falling edge switches back into

first CLK normal operation

Figure 4. Register Readback Mode Timing Sequence

Copyright © 2009, Texas Instruments Incorporated Submit Documentation Feedback 11
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Table 6 summarizes the contents and functions of the output bit-stream. Note that bit O is clocked out first.

Table 6. Register Readback Mode: Output Bit-Stream

OUTPUT BIT-STREAM FUNCTION
Bit[0:2] Revision identifier (MSB first)
Bit[3:8] VCO calibration word
Bit[9] EEPROM Status:

0 = EEPROM has never been written
1 = EEPROM has been programmed before

Bit[10] EEPROM Lock:

0 = EEPROM can be rewritten
1 = EEPROM is locked; rewriting the EEPROM is no longer possible

Bit[11:18] Storage value Word5 (MSB first)
Bit[19:26] Storage value Word4 (MSB first)
Bit[27:34] Storage value Word3 (MSB first)
Bit[35:42] Storage value Word2 (MSB first)
Bit[43:50] Storage value Wordl1 (MSB first)
Bit[51:58] Storage value Word0 (MSB first)
12 Submit Documentation Feedback Copyright © 2009, Texas Instruments Incorporated
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REGISTER DESCRIPTION

Table 7. Word 0

Recommended
Bit Name Description/Function Type Value
0 Co Register selection w 0
1 C1 Register selection w 0
2 Cc2 Register selection w 0
3 SELVCO VCO select: w User
0=VCO1
1=VCOo2
4 SELPRESC Prescaler setting, Bit 0 w User
5 SELPRESC Prescaler setting, Bit 1 w User
6 OUTSEL Output divider select, Bit 0 w User
7 OUTSEL Output divider select, Bitl w User
8 OUTSEL Output divider select, Bit 2 w User
9 DRVSEL Driver select: w User
0 =LVDS
1=PECL
10 TITEST1 Reserved w 1
4 Divide by value (SELPRESC 1, SELPRESC 0)
5 Divide by 5 = (00), 3 = (01), 4 = (10), and 2 = (11)
3 O}Jt_put divider (OUTSEL2, OUTSEL1, OUTSELDO)
o Divide by 1 = (000) , 2 = (001), 4 = (010), 8 = (011), 16 = (100), 32 = (101)
Table 8. Word 1
Recommended
Bit Name Description/Function Type Value
0 Co Register selection w 1
1 C1 Register selection w 0
2 Cc2 Register selection w 0
3 LFRCSEL Loop filter control settings, Bit 0 w 1
4 LFRCSEL Loop filter control settings, Bit 1 w 1
5 LFRCSEL Loop filter control settings, Bit 2 w 1
6 LFRCSEL Loop filter control settings, Bit 3 w 1
7 LFRCSEL Loop filter control settings, Bit 4 w 1
8 LFRCSEL Loop filter control settings, Bit 5 w 0
9 LFRCSEL Loop filter control settings, Bit 6 w 1
10 LFRCSEL Loop filter control settings, Bit 7 w 0
Copyright © 2009, Texas Instruments Incorporated Submit Documentation Feedback 13
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Table 9. Word 2

Recommended
Bit Name Description/Function Type Value
0 Co Register selection w 0
1 C1l Register selection w 1
2 C2 Register selection W 0
3 LFRCSEL Loop filter control settings, Bit 8 W 1
4 LFRCSEL Loop filter control settings, Bit 9 W 1
5 LFRCSEL Loop filter control settings, Bit 10 W 0
6 LFRCSEL Loop filter control settings, Bit 11 W 0
7 LFRCSEL Loop filter control settings, Bit 12 W 0
8 LFRCSEL Loop filter control settings, Bit 13 W 0
9 LFRCSEL Loop filter control settings, Bit 14 W 0
10 LFRCSEL Loop filter control settings, Bit 15 W 0
Table 10. Word 3
Recommended
Bit Name Description/Function Type Value
0 Co Register selection w 1
1 C1 Register selection w 1
2 Cc2 Register selection w 0
3 LFRCSEL Loop filter control settings, Bit 16 w 0
4 LFRCSEL Loop filter control settings, Bit 17 w 0
5 LFRCSEL Loop filter control settings, Bit 18 w 0
6 ICPSEL Charge pump current Sel, Bit 0 w 1
7 ICPSEL Charge pump current Sel, Bit 1 W 1
8 ICPSEL Charge pump current Sel, Bit 2 w 1
9 ICPSEL Charge pump current Sel, Bit 3 w 1
10 TITEST2 Reserved w 0
Table 11. Word 4
Recommended
Bit Name Description/Function Type Value
0 Co Register selection w 0
1 C1 Register selection w 0
2 Cc2 Register selection w 1
3 CALWRD VCO calibration Word, Bit 0 w 0
4 CALWRD VCO calibration Word, Bit 1 w 0
5 CALWRD VCO calibration Word, Bit 2 w 0
6 CALWRD VCO calibration Word, Bit 3 w 0
7 CALWRD VCO calibration Word, Bit 4 w 0
8 CALWRD VCO calibration Word, Bit 5 w 0
9 CALOVR VCO calibration override w 0
10 ENCAL Enable VCO calibration w 1
14 Submit Documentation Feedback Copyright © 2009, Texas Instruments Incorporated
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Table 12. Word 5

Recommended

Bit Name Description/Function Type Value

0 Co Register selection w 1

1 C1 Register selection w 0

2 Cc2 Register selectiond W 1

3 TITSTCFG Tl Test Use, Bit 0 W 0

4 TITSTCFG Tl Test Use, Bit 1 W 0

5 TITSTCFG Tl Test Use, Bit 2 W 0

6 TITSTCFG Tl Test Use, Bit 3 W 0

7 Not used W 0

8 Not used w 0

9 Not used w 0

10 Not used w 0
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Appendix A: Test Configurations

Test setups are used to characterize the CDCE421A device in both ac- and dc-termination. Figure 5 through
Figure 8 illustrate all four setups used to terminate the clock signal driven by the device under test.

LVDS 100 Q LVDS

Figure 5. LVDS DC Termination Test Configuration

LVPECL 50 Q LVPECL

50 Q

VCC -2V
Figure 6. LVPECL DC Termination Test Configuration

|

|
LVDS

|

|

Figure 7. LVDS AC Termination Test Configuration

| Analyzer
150 Q
LVPECL
|
|

150 Q 150 Q

Phase Noise
Analyzer

@

50 Q

Figure 8. LVPECL AC Termination Test Configuration
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Appendix B: Jitter Characteristics in Input Clock Mode

If the CDCE421A is being referenced by an external and cleaner LVCMOS input of 35.42 MHz and 33.33 MHz,
respectively, Figure 9 and Table 13 show the SSB phase noise plot and phase noise data of the output at 708
MHz for LVPECL from 100 Hz to 40 MHz from the carrier.

0

|
A
O

|
[}
o

|
e ]
o

-100

Phase Noise (dBc/Hz)

-120

N

-140

-160

10 100

Table 13. Phase Noise Data for LVPECL at 708 MHz with LVCMOS Input of 35.42 MHz®

1k 10k 100k

1™ 10M  100M

Single-Sideband Frequency (Hz)

Figure 9. SSB Phase Noise at 708-MHz LVPECL Output with LVCMOS Input of 35.42 MHz

PARAMETER MIN TYP MAX UNIT
phn100 Phase noise at 100 Hz -95 dBc/Hz
phnlk Phase noise at 1 kHz -105 dBc/Hz
phn10k Phase noise at 10 kHz -109 dBc/Hz
phn100k Phase noise at 100 kHz -114 dBc/Hz
phnlM Phase noise at 1 MHz -126 dBc/Hz
phn10M Phase noise at 10 MHz -146 dBc/Hz
phn20M Phase noise at 20 MHz -146 dBc/Hz
JRMS RMS jitter from 10 kHz to 20 MHz 438 fs

(1) Phase noise specifications under following assumptions: input frequency = 35.42 MHz (VCO = 2, prescaler = 3, output divider = 1),
output frequency = 708 MHz at LVPECL.
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Figure 10 and Table 14 show the SSB phase noise plot and phase noise at 400 MHz for LVDS from 100 Hz to
40 MHz from the carrier. See Figure 7 and Figure 8 for the test configuration setup for LVPECL and LVDS ac
termination, respectively.

-80
-100 7%%&,

-120

Phase Noise (dBc/Hz)

-140 A S=

-160

10 100 1k 10k 100k ™M 10M  100M
Single-Sideband Frequency (Hz)

Figure 10. SSB Phase Noise at 400-MHz LVDS Output with LVCMOS Input of 33.33 MHz

Table 14. Phase Noise Data for LVDS at 400 MHz with LVCMOS Input of 33.33 MHz(®

PARAMETER MIN TYP MAX UNIT
phn100 Phase noise at 100 Hz -99 dBc/Hz
phnlk Phase noise at 1 kHz -109 dBc/Hz
phn10k Phase noise at 10 kHz -119 dBc/Hz
phn100k Phase noise at 100 kHz -121 dBc/Hz
phnlM Phase noise at 1 MHz -130 dBc/Hz
phn10M Phase noise at 10 MHz -147 dBc/Hz
phn20M Phase noise at 20 MHz -147 dBc/Hz
JRMS RMS jitter from 10 kHz to 20 MHz 409 fs

(1) Phase noise specifications under following assumptions: input frequency = 33.33 MHz (VCO = 1, prescaler = 5, output divider = 1),
output frequency = 400 MHz at LVDS.
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Appendix C: Application Information

CDCE421 User Information
The CDCEA421A includes several device enhancements to the CDCE421.

» Device Startup
The CDCE421A includes an improved device startup circuit that enables the CDCE421A to be used in
stand-alone applications (for example, configurations in which the device is not connected to a host system).
This design operates over various power-supply ramp time scenarios. For proper operation of the startup
circuit, certain register bits must be programmed as specified in Table 15.

Table 15. CDCE421 vs. CDCE421A Register Settings

CDCE421A
DATA SHEET
REGISTER LOCATION CDCE421 CDCE421A REFERENCE
. ) . TITEST1 (must always
Word 0, Bit 10 Loop filter bias select be written 1) Table 7
Word 3, Bit 10 Not used TITEST2 (must always Table 10
be written '0")

e LVDS Output Buffer
The CDCE421A incorporates an improved LVDS output buffer. Therefore, the electrical characteristics of the
LVDS output buffer on the CDCE421A are different from those of the CDCE421. Refer to the Electrical
Characteristics table for the details of the CDCE421A LVDS output buffer.

* Product Revision Identification
For the product revision identifier bits (bits [2:0]), the value presented by the CDCE421A is '000'. See Table 6
for more details.
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Startup Time Estimation

The startup time for the CDCE421A can be estimated based on the parameters defined in Table 16 and
illustrated in Figure 11.

Based on these parameters, the CDCE421A startup time limits tyax and ty,y can be calculated as shown in these

equations:

tvax = Toun t trsu + taeray  tvco_caL * teLL Lock

tvin = tour + tsu + tdelay T tvco_caL t teil Lock

Table 16. Timing Definitions: Startup Time Dependencies

Parameter Definition Description Formula/Method of Determination
. The reciprocal of the applied reference t — 1
tRer Reference Clock Period frequency (in seconds). REF fREF
t Power-Up Time (low Power-supply rise time to low limit of Power Time required for Power Supply to
pul limit) On Reset (POR) trip point. ramp to 2.27 V.
t Power-Up Time (high | Power-supply rise time to high limit of POR Time required for Power Supply to
puh limit) trip point. ramp to 2.64 V.
After POR releases, the Colpits oscillator is
enabled. This startup time is required for the Best case: 500 us
trsu Reference Startup Time | oscillator to generate the requisite signal Worst case: 800 us (for a crystal input)
levels for the delay block to be clocked by 0 s (for an LVCMOS input)
the reference input.
Internal delay time generated from the
tdelay Delay Time reference clock. This delay provides time for tdelay = 16384 X trer
the reference oscillator to stabilize.
VCO Calibration Time generated from the
. . . reference clock. This process selects the _
tvco_caL VCO Calibration Time operating point for the VCO based on the tvco_caL = 550 X trer
PLL settings.
. Time required for PLL to lock within £10 ppm | Based on the 400-kHz loop bandwidth,
tPLL_LocK PLL Lock Time of frer. the PLL will settle in 51 or 12.5 ps.
Reference
Power up Startup Delay VCO Calibration PLL Lock
A A A A
r N 8 B Y )
s | | | |
> \ \ \ \
2 | | | |
@ | | | |
g \ \ \ \
3 \ \ \ \
o \ \ \ \
\ \ \ \
\ \ \ \
\ \ \ \
\ \ \ \
\ \ \ \
\ \ \ \
\ \ \ \
\ \ \ \
\ \ \ \
] ] ] ]
\ \ \ \
trsu ‘ Time (s) } tVCoi(:AL } }
I I I oL Lock }
I~ - -
tdelay
Figure 11. Startup Time Dependencies
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Tem Op Temp (°C Device Markin Samples
ge 1yp g g p p p g p
I Drawing Qty @ (6) (3) (4/5)

CDCE421ARGER ACTIVE VQFN RGE 24 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 CDCE
& no ShiBr) 421A P

CDCE421ARGET ACTIVE VQFN RGE 24 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 CDCE
& no SbiBr) 421A P

CDCE431YS ACTIVE WAFERSALE YS 0 1 TBD Call Tl Call Tl -40 to 85

® 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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

@ 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 a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© | ead/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
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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 Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the 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
* —» =K e— P1—
% { I
iy’
& & & || 8o
x | l
A T {
Cavity (€ A0 P,
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)
CDCE421ARGER VQFN RGE 24 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
CDCE421ARGET VQFN RGE 24 250 180.0 12.4 4.25 | 4.25 1.15 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
CDCE421ARGER VQFN RGE 24 3000 367.0 367.0 35.0
CDCE421ARGET VQFN RGE 24 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
RGE 24 VQFN -1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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RGEO0024B

PACKAGE OUTLINE
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Ifi s L&
05
0.3
PIN 1 INDEX AREA—] 1
4.1
3.9
0.3 f
0.2
DETAIL
OPTIONAL TERMINAL
TYPICAL
1 MAX
1o =
0.05
0.00
~— (28]
(0.2) TYP

,—EXPOSED
THERMAL PAD 0

13

SEE TERMINAL
DETAIL 5
T NE

()
S
25 -t -
28 D,
.
— -
2xfosH |/
24
PIN 1 ID
(OPTIONAL)

19 0.1@ [c[alB
& 0.050%)

4219013/A 05/2017

NOTES:

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

per ASME Y14.5M.
2. This drawing is subject to change without notice.

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

i
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EXAMPLE BOARD LAYOUT
RGE0024B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

[2.45)
SYMM

Innd_ -
ﬁf}%ﬂ@ a B .

2ax “"25”5@ ¢ —
a-gee .

25 %*#SQAM
|
B

TYP lo--"o—

20X (0.5) ! |

’EE} ‘

SRR i T

| ‘
‘ (0.975) TYP J———j
L— (3.8) —J

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE:15X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
o SOLDER MASK
| METAL | fOPENING
| I
| |
/ ‘
|
EXPOSED T __SOLDER MASK EXPOSED—", /kMETAL UNDER
OPENING Nt SOLDER MASK
NON SOLDER MASK SOLDER MASK
DEFINED DRRINED
(PREFERRED)

SOLDER MASK DETAILS

4219013/A 05/2017

NOTES: (continued)
4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

. on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RGE0024B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

—= 4X (1.08) =
(0.64) TYP

24
24X (0.6) {J*B‘E %E}«B»G 7777777 —
195,
r
24X (0.25) I:D
(R0.05) TYP ! 060
SYMM C!j T | [I] TYP

qu | ) [Ijj (3.8)
=

-

i
|
)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 25
78% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:20X

4219013/A 05/2017

NOTES: (continued)

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