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Abstract
Vinod Paliakara, Shantanu Prabhudesai High-Performance Analog Products

This application note describes various schemes of interfacing serialized low-voltage differential signaling
(LVDS) data outputs from high-speed analog-to-digital converters (ADCs) to a field-programmable gate
arrays (FPGASs) or other application-specific integrated circuit (ASIC)-based receivers. This note provides
an introduction to standard one-wire interfaces and other interface variants (such as two-wire). This note
describes in detail the two key points required for reliable data capture: bit clock edge selection and frame
alignment. Schemes for capturing data from multiple ADC devices are also detailed. LVDS timing
parameters, as found in Tl data sheets, are explained along with a detailed introduction to jitter in a
source-synchronous interface.

All trademarks are the property of their respective owners.
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Introduction

Among high-speed ADCs operating at tens of megahertz to hundreds of megahertz, the preferred output
data interface is serialized LVDS. This preference is especially true in multichannel ADCs such as TI's
ADS528x, ADS529x, and ADS5263 families. The serialized LVDS interface is also seen in analog front-
ends (AFEs) that include a multichannel ADC, such as the AFE580x families. The differential signaling
protocol of an LVDS pair offers common-mode noise rejection, thus enabling higher data transmission
speeds (typically up to 1 Gbps per LVDS pair).

Figure 1-1 shows a typical serialized LVDS interface for one ADC channel operating on a sampling clock
frequency (fs). The characteristics of this interface are:

1. ADC data are output serially from DO to DN-1 (for an N-bit resolution ADC) at every sampling clock
cycle. This output results in a serial data rate of (fs x N) bits per second.

2. An associated 50% duty cycle bit clock is output with a frequency of (fs x N / 2). The bit clock is
typically center-aligned and both clock edges can be used to latch serial ADC data. Therefore, the bit
clock is referred to as a double data rate (DDR) bit clock.

3. An associated 50% duty cycle frame clock is output with a frequency of f5. As the name suggests, the
frame clock rising edge transitions are aligned with the framing ADC data bits (DO and DN-1). This
alignment helps the receiver to correctly load parallel data after de-serialization. Note that the frame
clock rising and falling edges are aligned with the transitions of data.

This interface is described as a one-wire, LSB-first interface with N-x serialization.

Input Clock | |
(CLK Frequency = fs)

Frame Clock
(ADCLK Frequency = 1xfs) — |

(LCLK Frequencf ! célxoch _T l T l T l T l T l T l T l

Output Data® D11 D10 011 D10
(OUTA Data rate = 12x fs) (DO) (D1) (D2) (D3) (D4) (D5) (D6) (D7) (D8) (Dg) (D10) (011) (DO) (D1)

Sample N

Sample N+1

(1) The upper data bit is the MSB-first mode data bit and the lower data bit is the LSB-first mode data bit.
Figure 1-1. LVDS Output Timing Diagram

Some variations of this interface include:

1. Two-wire interface: At high sampling clock frequencies, the serial data rate becomes very high. In
such cases, the ADC data are output serially over two LVDS pairs. For example, bits DO to D(N/2)-1
are output over one LVDS pair and the other bits D(N/2) to DN-1 over the second pair. With half the
number of bits transmitted per LVDS pair on each sampling clock cycle, the serial data rate is reduced
to (fs x N/ 2) bits per second.
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2. MSB-first: the ADC data bits are serially transmitted from the MSB bit (DN-1) to the LSB bit, DO.

An advantage of the serial LVDS interface is the savings in pin-count resulting from the use of only two
pins (one LVDS pair) per ADC channel. Therefore, this interface is most commonly found in multichannel
ADC devices. A typical multichannel device has one (or two) LVDS pairs per ADC channel, one common
bit clock output, and one frame clock output. Refer to Figure 1-2 for the LVDS output interface of an 8-

channel ADC device.
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Figure 1-2. Typical Multichannel ADC with a Serial LVDS Interface

Understanding Serial LVDS Capture in High-Speed ADCs

SBAA205-July 2013

Submit Documentation Feedback

Copyright © 2013, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAA205

. Chapter 2
l TEXAS SBAA205-July 2013

INSTRUMENTS

Capturing Data from a Serial LVDS Interface: Ideal Case

The simplest capture scheme to receive data from a serial interface consists of a double data rate (DDR)
logic block followed by a serial-to-parallel shift register, as shown in Figure 2-1. The length of the shift

register chain must be at least (N / 2) flip-flops. At every frame clock rising edge, the parallel data output
from both shift register chains are latched. The output is a frame-aligned parallel data word of N-bits (DO

to DN-1).
D10 D8 D6 D4 D2 DO
Serial Data Input D  QRising D Q D Q D Q D Q D Q D Q L
Q Faling J—» CcLK — ck — cLk —» CLK — ik —» oLk
R — CLKOUT
D11 D9 D7 D5 D3 D1
D Q D Q D Q D Q D Q D Q L
’—P CLK —» CLK —» CLK —» CLK —» CLK —» CLK
D2 DO
D[11:0] DATA[11:0]
—>» D af——»
ADCLK
— | CLK
Figure 2-1. Capturing Serial LVDS Data: Simplest Scheme
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The DDR block latches input serial data at both edges of the bit clock and outputs two data streams: one
corresponding to the rising edge of the bit clock (Q rise) and the other corresponding to the falling edge of
the bit clock (Q fall, as shown in Figure 2-2). The rising and falling data streams are then applied to the
shift register.

Serial Data Input O D Q O Data Out Rising
OUTn

Bit Clock ©
LCLK

Data Out Falling
Relatched

Data Out Falling

Figure 2-2. Double Data Rate 10

DDR IO
Output Clock

Note that the DDR block re-latches the data stream falling edge at the next bit clock rising edge and
outputs the rising and falling edge data streams at the rising bit clock edge, which is used by all the flip-
flops in the shift register chain. As a result, data are valid for roughly half a bit clock period at the DDR 10
input, whereas data are valid for almost one bit clock period for the remaining flops in the shift register
chain. Figure 2-3 shows a DDR 10 timing diagram.

serialDataln X_Dpo X p1 X p2 X b3 X pa X ps X

(_)L._______E Data are valid for approximately

- a half bit clock period.

Bit Clock
RAGKERRIE X DO D2 X écm
Dataoutrise D1 X 5z | X s
Datacutfall X DO X D2 X D4
re-latched i ! ! | : : :

A

L
Cal

\ Data are valid for approximately

one bit clock period.

Figure 2-3. DDR IO Timing

This difference implies that the timing constraint for the flip-flops in the DDR block alone is critical
compared to the rest of the flip-flops.
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Most FPGAs have a DDR flip-flop and register as part of the logic library. The DDR 1O element accepts a
single clock and registers data at the input data pin at both clock edges. The DDR IO element is also
physically located close to the FPGA receiver pins, thus helping minimize any delays caused by routing in
the FPGA. Therefore, Tl recommends using the DDR 10 element to interface to the ADC serial LVDS
interface.

Ideally, there is no additional skew between the serial LVDS data, LVDS bit clock, and LVDS frame clock
signals caused by delays in the PCB and FPGA internal routing. In a real situation, the effects of trace
delays in the PCB and FPGA routing cannot be ignored.

Chapter 3 and Chapter 4 describe various implementations for capturing data from a serialized ADC
interface in a real-world situation.
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Any capture solution must implement two major functions:

1. Latching the serialized ADC data bits correctly into the serial-to-parallel (S2P) shift register using the
ADC bit clock (serialized clock domain), and

2. Aligning the parallel output data from the S2P registers correctly (parallel clock domain).

Various methods of implementing these functions are discussed in the Latching Serialized ADS Data Bits
into the S2P Shift Register, Aligning Parallel Output Data from the S2P Shift Register, Determining if
Captured Data are Aligned Correctly, and Frame Alignment Logic Using SYNC Pattern sections.

3.1 Latching Serialized ADC Data Bits into the S2P Shift Register

As explained previously, a real-world application has delays resulting from PCB traces and FPGA routing.
These delays must be taken into account during timing analysis. In many cases (especially for data rates
> 600 Mbps), meeting the timing requirements with these effects can be difficult. For such cases, one
common solution is using a delayed version of the ADC bit clock for latching data into the shift register.
The delay can be accomplished by:

» Using delay elements (external to the ADC and receiver OR built into the receiver itself), and by
e Using phase-locked loops (PLLS)

3.1.1 Using Delay Elements

An important consideration when using this scheme is the delay variation across process, supply voltage,
and temperature. Also, ensure that timing is met at both minimum and maximum delay values. With these
considerations in mind, using circuits such as delay-locked loops (DLLS) is preferable to generate delays
that do not vary with process, supply voltage, and temperature. Many FPGAs have built-in DLL elements
that can be used to provide delays within certain ranges (up to a few hundred picoseconds). Figure 3-1
shows a diagram of variable delays used in an FPGA.

—— Odd Sample Bit
Serial Data Input
OoUTn LVDS IDELAY IDDR
—0
—— Even Sample Bit
Bit Clock g
LCLK LVDS IDELAY BUFIO » Sample Clock

Figure 3-1. Using Variable Delays in an FPGA
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3.1.2 Using PLLs

An alternate scheme for deriving a delayed bit clock makes use of a PLL with multiple delayed edges in
each clock cycle. Figure 3-2 shows a case where eight equally-spaced clock edges are available within
each bit clock cycle. In the receiver, additional logic is required for selecting the correct clock edge. The
edge selection logic must run when the ADC interface initializes after power-up and when the bit clock
output is stable. Figure 3-3 shows the timing of multiple phase clocks at the PLL output.

2n

A

PLL

R

nl4 n/2 3nl4 m 5t/4 3nl/2 Tnl4
Figure 3-2. PLLs in an FPGA with Multi-Phase Outputs

LCLK ——P]

min X009 X D1 X D2 X 08 X D4 X On X
o il lap b |
s | JTTTLLE TTTT] I S B

|
e L[N I 11 1T
180 | S T I VY N M I DR I
e L 0L NP L J LI L1 LI 1
sl 0 L4 L ¥ L P L0
we 1 LT LT LT LT LT 1_TI

...l |..|.“. |.|-. HT"-":O. ..1.|
0.1251.

VEo

Figure 3-3. Multiple Phase Clocks at the PLL Output
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3.1.3 PLL Clock Edge Selection Logic

A typical implementation of the edge selection logic functions by capturing the ADC data for all PLL output
clock edges. For data captured at each edge, the logic determines if data are correct or incorrect. If data
are correct, the corresponding clock edge can be used for latching serial data.

3.1.4 Determination of Correct Data

How are captured data determined to indeed be correct? All Tl high-speed ADCs have a set of test
patterns that can be enabled to implement receiver-capture logic. For clock edge selection, a suitable test
pattern is termed deskew. When enabled, the ADC serial LVDS interface outputs a data bit sequence of
alternating '1's and '0's. When captured with the correct clock edge, the expected data are either
101010101010 or 010101010101 for a 12-bit LVDS interface. Figure 3-4 shows an example of captured
data for various clock edges. Note how the captured data are correct for a range of clock edges from 3 to
6. The robustness of the scheme can be improved by selecting the clock edge at the center of the good
clock edge range, in this case that would be clock edges 4 or 5. This selection provides a margin for any
timing changes caused by temperature and supply voltage variations.

Eedrei:ls - 1 < o = 1 < 0 > 1 >xX_o > Parallel Output Data

: B _ ' J [ Usingclockedgel=  D5:DO= XXX

o 1 | il L] | L] | Using clock edge 2 <> DS:DO = 1XX0XX
o L_ITiLi JTT S A S B Using clock edge3 > D5:D0= 101010
i 1 [ l [ _ | Using clock edge 4 = D5:DO = 101010
180 1 | ) ', ' l J L 1 ] Using clock edge 5= D5:00= 101010
i [ . _ | l ] Using clock edge 6 2  D5:00= 101010

r I L L J b Using clock edge 7 D5:D0 = 1XX0XX

! Using clock edge 8 2 D5:D0 = XXXXXX
Figure 3-4. Data Captured with Various Clock Edges

Note that whenever the ADC input clock is interrupted, the PLL in the receiver is no longer locked. When
the ADC input clock is restarted, the receiver PLL locks again and the output edges stabilize after the PLL
lock time. Most PLLs have a reset signal that ensures that clock edge 0 has a fixed relationship with the
input clock (either aligned, 90° phase shifted, or so forth). Executing the clock selection logic in the
receiver is not required every time the PLL reacquires lock. The same clock edge identified earlier by the
logic (clock edge 5 from the example in Figure 3-4) can be reused. Tl recommends executing the edge
selection logic whenever there is a significant change in temperature, supply voltage, or bit clock
frequency.

Other schemes for determining the correct clock edge from captured data also exist. Many FPGAs include
a dynamic clock edge selection scheme that runs continuously in the background and does not require
any test patterns from the ADC. By running in the background, such a scheme can make dynamic clock
edge changes based on temperature and supply variations.
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3.2 Aligning Parallel Output Data from the S2P Shift Register

After the serialized ADC data bits are latched correctly by the shift register using one of the previous
schemes, the next point to consider is the alignment of the parallel data output of the shift register. As
explained in the Latching Serialized ADS Data Bits into the S2P Shift Register section, ideally the ADC
frame clock output can be directly used to latch the parallel data output of the shift registers. This data
output is at the frame clock rising edge because the frame clock rising edge is aligned with the start of the
parallel word boundary.

In an actual case, the frame clock can be delayed (or advanced) with respect to the serialized output data
outputs. For example, this delay can occur as a result from skews in the PCB traces of the frame and
output data lines. However, such skews are reasonably easy to address and minimize during PCB layout.
Skews are more likely to occur inside receivers. This occurrence is especially true when using FPGASs as
receivers and also when the serial data outputs from multiple ADC devices are routed to one FPGA
receiver.

The effect of a skewed frame clock on the final captured data using the ideal receiver scheme is described
in Figure 3-5 and Figure 3-6. Note that for skews less than (1/2) a bit clock period, the captured data are
correct and include all bits from the same sample (see Figure 3-7). For larger skews, the captured data
consist of a mix of bits from two successive samples.

Sample N-1 Sample N+1
}1:’ Sample N }E
Serial data BTN B0 W BT ) DT W DT DAY D5 D6 X D7 D8 03 W BI0  DITy BT W DI (D2
(Pin: OUTn) S sl s e N N N N e S e e N
Bit clock [ il ] [33i] I f- i
(Pin: LCLK) : !
Frame clock J - i
(Pin: ADCLK) BB |
\ 1 bit period i
For frame clock skew < 1 bit period
Sample N-1 = Output = D0O-D11
SampleN = Output =D0-D11
Sample N+1 = Output = D0-D11
Figure 3-5. Data Alignment with Frame Clock: Ideal Case
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Serizl data
(Pin: OUTn)

Bit clock
{Pin: LCLK)

Frame clock

(Pin: ADCLK)
(delayed wrt ideal
position)

Sample N-

1

ey

Sample N+1

Sample N

(BT B0 DT BZ O (D D5 B X D7 08 T8 D10  DIT B0 (BT D2

NS it WARA S PPN R L B i b

-

/”

1 bit period

For frame clock skew > +1 bit period

Sample N-1 = Qutput = D1-D11-DO

SampleN =2 Output=D1-D11-DO

Sample N+1 = Output = D1-D11-

Output word includes bits from adjacent samples

Figure 3-6. Data Misalignment Resulting from a Delayed Frame Clock
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Sample N-1 Sample N+1
,E’ Sample N ,ai"
Serial data WIIY B0 BT D2 W DT DEY D53 06 W 07 B8 ) T8  DI0  TILy B0 ) BI(D2
(Pin: OUTn) A e Nt Wl (e Wt e R e sy S e = iy st

i i |
Bit clock 5 Hi !
(Pin: LCLK) ! !
R |
Frame clock J i i i E
(Pin: ADCLK) o i
{advanced wrt ideal o i
position) i : i

\ 1 bit period

For frame clock skew < -1 bit period

Sample N-1 = Output =..-D0-D10
SampleN -2 Output =D11-D0-D10
Sample N+1 = Output = D11-D0-D10

Output word includes bits from adjacent samples

Figure 3-7. Data Misalignment Resulting from an Advanced Frame Clock
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3.2.1 Determining if Captured Data are Aligned Correctly

Certain test patterns can be advantageously used to determine if captured data are aligned properly. TI
ADCs have a SYNC pattern that consists of a sequence of six '1's followed by six '0's (for a 12-bit
serialized ADC). When enabled, each serial data output consists of this pattern. Note that when displayed
on an oscilloscope, this pattern resembles a frame clock. Figure 3-8 and Figure 3-9 show the effect of a
skewed frame clock when the SYNC test pattern is enabled.

Serial data
(Pin: OUTn)

Bit clock
(Pin: LCLK)

Frame clock

(Pin: ADCLK)
(delayed wrtideal
position)

Sample N-1

e Sample N

Sample N+1

i
e

VERED R ERES BV ELEPELEHE TR ERERPED A

N

i
\ 1 bit pericd

For frame clock skew > +1 bit period

Sample N-1 = Qutput =111110000001
SampleN -2 Output=111110000001
Sample N+1 = OQutput = 111110000001

Output word shows a shift of one bit left

Figure 3-8. Using the SYNC Test Pattern to Determine Data Misalignment: Delayed Frame Clock
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Aligning Parallel Output Data from the S2P Shift Register

Sample N-1

Serial data
(Pin: OUTn)

Bit clock
(LCLK)

Frame clock J

(Pin: ADCLK)
(advanced wrt ideal
position)

Sample N+1

Sample N

For frame clock skew < -1 bit period

Sample N-1 - Output =011111100000
SampleN -2 Output =011111100000
Sample N+1 = Output = 011111100000

Output word shows a shift of one bit right

Figure 3-9. Using the SYNC Test Pattern to Determine Data Misalignment: Advanced Frame Clock

Using the SYNC pattern, the Frame Alignment Logic Using SYNC Pattern section describes a scheme to
correctly align the parallel output of the S2P shift register.
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3.2.2 Frame Alignment Logic Using SYNC Pattern

A common logic for aligning to the correct frame boundary is described in this section. Here, the parallel
output of the S2P shift registers is first latched using the (skewed) frame clock. This note refers to the
latched data as S2P_PAR_OUT. The alignment logic requires the SYNC test pattern in the ADC to be
enabled. With the SYNC test pattern enabled in the ADC, the S2P_PAR_OUT data are compared with the
ideal (or expected) data, which is 111111000000 for a 12-bit serialized ADC. To correct for the effect of
the frame clock skew, two successive samples of S2P_PAR_OUT are required. The correction and

determination of the final aligned output (termed FINAL_OUT) is described by Figure 3-10.

To summarize Figure 3-10:
For no skew, FINAL_OUT[11:0] = S2P_PAR_OUT[23:12];

For one bit clock period positive skew (shown in Figure 3-8),
— FINAL_OUT[11:0] = S2P_PAR_OUT[22:11]; and

CHn parallel data
from shift registers
[

For two bits clock period positive skew,

— FINAL_OUT[11:0] = S2P_PAR_OUT[21:10], and so on.

Similarly, for one bit clock period negative skew (shown in Figure 3-9),

— FINAL_OUT[11:0] = S2P_PAR_OUT[12:1]: and

For two bits clock period negative skew,

— FINAL_OUT[11:0] = S2P_PAR_OUT[13:2], and so on.

D[11:0]

A0

Frame Clock

52P_par_out[11:0]

| —

SYNC_PATT made
enable

Skew

S2P_par_out[23:0]

—

y 52P_par_out[23:12]

52P_par_out[11:0]

Data_in[23:0]

Skew_count[3:0]

FINAL_DUT[11:0]

CHn aligned

Figure 3-10. Overall Frame Alignment Scheme

output data

Note that the skew between the frame clock and serial ADC data output can be different across channels.
The logic shown in Figure 3-10 determines the skew for every channel and corrects for it.
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Summary of Capture Schemes

Figure 4-1 and Figure 4-2 show block diagrams of the two capture schemes described in the Receiver
Capture Schemes section. The block diagram is shown for one channel and is applicable for the one-wire

interface.
Per Channel Receiver Module
Serial LVDS
Data Input h Frame Parallel
(Pin: OUTN) b Aligner Data Output
.| (Aligned)
Bit Clock—>1 PLL || Clock
Frame Clock
(Pin: ADCLK)
Figure 4-1. Capture Scheme Using PLL: One-Wire Interface
Per Channel Receiver Module
Serial LVDS
eria _ <3P -
Dgta Input détiay 'Y Frame Parallel
(Pin: OUTN) ry Aligner Data Output
(Aligned)
Bit Clock ——)I%
(Pin: LCLK) delay
Frame Clock =S
(Pin: ADCLK)
Figure 4-2. Capture Scheme Using Delays: One-Wire Interface
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Figure 4-3 shows the block diagram for a two wire interface. Here, the capture scheme for each wire is
treated identical to that of a one wire interface. After the data from each wire is frame aligned, the data
from both wires are combined and output. Note that while a common PLL can be used for both wires,

each wire includes an independent bit align block to account for different skews in each wire.

Serial LVDS
Data Input

Per Channel Receiver Module

(Pin: OUTn)
Wire 1

Bit Clock
(Pin: LCLK)

Frame Clock
(Pin: ADCLK)

v

PLL

Clock

Aligner

\ 4

Frame
Aligner

Serial LVDS

Data Input

(Pin: OUTn+1)
Wire 2

A 4

Frame
Aligner

Figure 4-3. Capture Scheme for Two-Wire Interface

Parallel
Data Output
(Aligned &
combined)

The capture schemes in Figure 4-1 to Figure 4-3 are valid even multiple multichannel ADCs are used in
the system. Figure 4-4 and Figure 4-5 describe two recommended ways of capturing data from multiple
ADC devices. Specifically, note that the individual bit clock output from each ADC is used by the
respective capture module. This architecture provides better setup and hold timing compared to using a
common bit clock across all devices. (See the Understanding Source Synchronous Interface section).

Therefore, the FPGA code consists of a dedicated capture module per ADC device (supporting all eight
channels within one device). The output of the capture module is a parallel data bus corresponding to the
eight channels of one ADC device, running from a 1x clock derived within the module. For example, this
bus is 96-bits wide (12x8 bits) for a 12-bit, 8-channel ADC device.

Note that the 1x clock used within the capture modules are not aligned together. This misalignment is

primarily because of the various input clock to output clock delays across the ADC devices.

The parallel data output from all capture modules are then latched using a common system clock that runs
at 1x frequency (or at the same frequency as the ADC sample rate). Note that for multiple devices, Tl
recommends using a common system clock to combine the parallel data from all devices, rather than
using a common high-speed clock (bit clock) to combine the serial data from all devices. When multiple

devices are used, using the individual bit clock output from each device (as explained in the

Understanding Source Synchronous Interface section) is advantageous.

While combining the parallel data from all devices, the system clock frequency is at the same frequency
(or 1x) as the ADC sample rate. At this low frequency, a sufficient timing margin is available even if the

parallel data outputs from multiple devices are misaligned.
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Capture Module #1

] o i pp—. 0
ouT2 {_szp ﬁ‘_F— Frame Aligner I
-
ADC #1 [
ouT? 538 [ Erame Aligner
oute ] Frame Algner Parallel data
" from N ADCs
BIT CLK r .
running off
CLKP/M
Frame cli 1x system clodk

Input
Clock |> Capture Module #N

CLKP/M ouT1 s —@* b a :>

outz {_szp —

” T““""’:
= p _
ADC#N [
out? 3 [ —

1 Frame Aligner

S
ouTs e,

P
Ill“ w Frame Aligner
FiF
Bit
Frame clk Aligner

1x System Clock Input

FPGA / Receiver

Figure 4-4. Capture Scheme for Multiple ADC Devices using PLLs

Capture Module #1
D er —
ouT? b—ﬂ_sp ) Frame Aligner
FiF _'_l
L ] 9'
R .
ADC#1 .
our? Br= s Frame Aligner Parallel data
ouTs D S2F [ - e Frame Aligner
e e e from N ADCs
BIT CLK @ : . r . £
CLER/M . : running o
Frame clk . . 1x system clock
L ]
L ]
. Capture Module #N
ouT2 F T s Frame Alier }
D S52P o rame Aligner 9_’ —_—
L ]
o .
.
ADC#N out? ) s2P_) [ m{ Erame Aligner
ouTs ) S2F [ - mm Frame Aligner
FIF
BIT CLK C, F
Frame clk
FPGA / Receiver
Delay 1x System Clock
D module Input

Figure 4-5. Capture Scheme for Multiple ADC Devices using Delays
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Understanding ADC Interface Timing Specifications

TI high-speed ADC data sheets specify the LVDS interface setup and hold times measured with respect to
the output bit clock. See the Understanding Source Synchronous Interface section for further information
regarding the advantages of using the output bit clock from each device.

Setup time is the time delay from the instant when data becomes valid to the rising or falling bit clock
edge. The minimum value of this time delay is specified as the minimum setup time in the data sheet.
Refer to Figure 5-1 for the typical and minimum setup times.

Minimum
! Setup time (1) 1
e

Serial data
(Pin: OUTn)
Typical
Setup time (2)
Bit clock
(LCLK) R Y, | SUERIS, B,

(1) Refer to the tgy, minimum specification in the Timing Characteristics table of the device data sheet.
(2) Refer to the tg, typical specification in the Timing Characteristics table of the device data sheet.

Figure 5-1. Setup Time Definition
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Hold time is the time delay from the rising or falling bit clock edge to the instant when data becomes
invalid. The minimum value of this time delay is specified as the minimum hold time in the data sheet.
Refer to Figure 5-2 for the typical and minimum hold times.

Minimum
Hold time (1)
200V e AN N e e e AN NG
Serial data
(Pin:oUTn) O™V TTTTTUANY T ¥
BT e o T A S e e e
Typical
Hold time (2}
Bit clock
(LCLK)
R e S e e T

(1) Refer to the t,o minimum specification in the Timing Characteristics table of the device data sheet.
(2) Refer to the t,, typical specification in the Timing Characteristics table of the device data sheet.

Figure 5-2. Hold Time Definition

Data eye is the solid blue box in Figure 5-3 and represents the amount of time for which the data logic
levels are valid. Having as wide and tall an eye as possible is preferable.

A\

+100my  ------- A N
Serial data &
ye
(Pin: OUTn) OmV === A Height
-100mY ~=-" 3 \ o 4 N Vi
Eye Width
(Data Valid Time)
Figure 5-3. Data Valid Time Definition
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Referring to Figure 5-1 to Figure 5-3, data are considered valid for logic levels greater than or equal to
+100 mV and are invalid otherwise. The waveforms in Figure 5-1 and Figure 5-2 can be displayed on an
oscilloscope by probing the serial output data and bit clock in infinite persistence mode and triggering on
the output bit clock. The resulting serial data waveform is also referred to as an eye. Note that the serial
data waveform crosses the £100-mV thresholds at multiple points, which implies that the setup time (or
hold time) is sometimes large or small at certain times. This effect is a result of jitter in the output data and
bit clock. The minimum value of the setup time (or hold time) is considered as the worst-case value and is
the specified value in the Tl data sheet.

Ideally, the setup time for all LVDS pairs should be identical. Though care is taken to match delays across
LVDS outputs within the die, there is skew among LVDS channels caused by mismatches within the die
and within the package because of asymmetric pin locations. As a result, the setup and hold times are
different across LVDS channels. Figure 5-4 shows an example of an 8-channel ADC with four LVDS
outputs. Note that the channel 3 output (OUT3) has the worst setup time among all channels. The
minimum setup time on OUT3 is specified in the data sheet. Similarly, note that the channel 4 output
(OUT4) has the worst hold time among all channels. The minimum hold time on OUT4 is likewise
specified in the data sheet.

ouT3

ouT2

ouT1

X

Bit
clock

]
i
i
i
I
I
i

Figure 5-4. Skew Among LVDS Outputs of the ADC

To summarize, the minimum setup and hold specifications in the data sheet already take into account
effects of jitter in output data and clock and skew across LVDS outputs.
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Achieving Timing Closure in the System

A typical system has multiple ADCs connected to the receiver using one of the schemes described in the
Summary of Capture Schemes section. Timing analysis methods are used to verify if all data outputs
(from the ADCSs) satisfy the setup and hold timing specifications of the receiver. Timing analysis takes into
account:

» The setup and hold specifications of the transmitter (in this case, the ADC).

» Delays in the data path, which are composed of PCB trace delays and internal delays in the receiver
itself.

» Delays in the clock path, which are also composed of PCB trace delays and internal delays in the
receiver itself.

* Minimum setup and hold specification of the receiver flip-flop (tsy rx, Min and t,o gx, Min).
Figure 6-1 shows a model for the timing analysis that includes the additional delays resulting from PCB

traces and receiver internal routing. For the receiver flip-flop to latch data correctly, the setup and hold
times of the input data at the receiver must satisfy Equation 1 and Equation 2.

Actual Setup Time (Equal to Clock Arrival Time — Data Valid Time) > tg, zy, min 1)
Actual Hold Time (Equal to Data Invalid Time — Clock Arrival Time) > t,q gx, Min (2
ADC Receiver
r\ datak
l/ L e B Q
L] L ]
L ) [ ]
(] L] .
L
L ]
\ datal
/ D Q
\ Qutputclk
/ -

) PCBtrace delays
]

Rxinternal delays

Figure 6-1. Timing Analysis
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6.1 Actual Setup Time

The actual setup time can be derived using Equation 3 to Equation 5 and by referring to Figure 6-2.

Clock Arrival Time = tsu anc * toes_cik * tint ik = tsuane + Toe_cix (3)

Data Va“d Tlme = tPCBﬁDATA + tINTiDATA = tDELﬁDATA (4)

Actual Receiver SetUP Time = tSU_ADC + tDEL_CLK - tDEL_DATA = tSU_ADC - tSKEW (5)

The worst-case setup time occurs with minimum ADC setup time, minimum clock delay, and maximum

data delay, as described in Equation 6.

Worst-Case Setup Time at Receiver = tg, pc (MiN) — tgey (Max)

where:

* tSKEW (max) = tDEL_DATA (maX) - tDEL_CLK (min) (6)
Usually, data path delays are larger than clock path delays. In such a case, ts iS @ positive number and
Equation 6 shows that the setup time at the receiver is less than the setup time provided by the ADC.
Therefore, TlI recommends minimizing data path delays (or matching the data and clock path delays) to
minimize tggew-

Data at ’
ADC output |
| tsu_adc ,
R
Bit clock ; !
at ADC output "
I '
Data at i
RX Flip-flop i
input :
: .<_/>,, __t_s_l] available_rx
tdel_data ! j - -
Bit clock : i E
at RX F/f input ; E /
. i ]
’ tdel_clk
Figure 6-2. Actual Setup Time
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Actual Hold Time

6.2

Actual Hold Time

The actual hold time can be derived using Equation 7 to Equation 9 and by referring to Figure 6-3.

Data Invalid Time = tHOfADC + tPCBiDATA + thTﬁDATA = tHofADc + tDELﬁDATA (7)
Clock Arrival Time = toeg cix + tnr cik = toer cik (8)
Actual Hold Time at Receiver =ty apc * e para — toer_cik = thoo_aoc + tskew 9)

The worst-case hold time occurs with minimum ADC hold time, minimum data delay, and maximum clock
delay, as described in Equation 10.

Worst-Case Hold Time at Receiver = t,op apc (MiN) + tgegy, (Min)
where:
* tSKEW (min) = tDEL_DATA (min) - tDEL_CLK (max) (10)

Again, Equation 10 shows that minimizing data path delays (or matching the data and clock path delays)
in order to minimize tggy is preferable.

Data at
ADC output

tho_adc

Bit clock
at ADC output

tdel_data

Data at
RX Flip-flop
input

tho_available_rx

at RXF/f input

Bit clock

tdel_clk

Figure 6-3. Actual Hold Time

The analysis for actual setup and hold times must be done for all the data lines. Timing analysis can be
referred to as closed when the actual setup (and hold) time at the receiver is greater than the minimum
setup (and hold) time specification of the receiver for every data input.
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6.3 PCB Skew

As discussed previously, minimizing the skew between the output data and output clock signals is
advantageous. One major component of the skew results from PCB trace delays, see Figure 6-1.
Minimizing PCB skew is especially important for higher data rates. PCB traces result in 150 ps to 200 ps
per inch of trace length depending on the type of traces used (micro-strip versus strip line). For data rates
greater than 500 Mbps, Tl recommends matching the PCB trace lengths for data and clock signals to
within 100 mils of each other. This match ensures that the skew is low (approximately 15 ps to 20 ps) and
maximizes the setup and hold times at the receiver.
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Understanding Source Synchronous Interface

The serial LVDS interface consists of serial data outputs (one or two outputs per ADC channel)
accompanied by a bit clock output (refer to Figure 1-1). This interface, in which the clock is transmitted
along with data, is referred to as a source-synchronous interface.

Source-synchronous interfaces are especially beneficial at high data rates, whereby matching output data
and output clock signal routing, any skews between them can be minimized. Another important benefit of
this interface is with respect to the effect of jitter. Jitter is the instantaneous deviation of the rising and
falling edges of data and clock signals. Jitter is primarily caused by supply noise, where vertical noise is
translated to horizontal or time-instant deviations, depending on the signal rise and fall times, as shown in
Figure 7-1.

In a serial LVDS transmitter, both output data and clock signals have jitter. Jitter has two components:
correlated and uncorrelated. By carefully matching clock and data paths, the data and clock jitter can be
ensured to be largely correlated.

Supplynoise

ANSNAVEN SV AV

A
I

Inputsignal Qutputsignal
withoutjitter with jitter

A 4

V4

v

Figure 7-1. Jitter Source
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Figure 7-2 shows the effect of correlated jitter where the instantaneous time deviations of the output data
and clock signals are identical. Thus, when the data transition is delayed (the red line), the clock edge is
also delayed similarly and when the data transition is advanced (the green line), the clock edge also
arrives earlier compared to the nominal or ideal time instants (the black lines).

Supplynoise
Paralleldatain
............................ : coral N [— Qutput
A erializer > | Data
High speed
serializerclock
Input |
clock
PLL
— Bit
> | Clock

Figure 7-2. Jitter in Data and Clock Paths

When the output data timing is measured relative to the output clock, the correlated (or common) jitter
component in the output data and bit clock cancels, resulting in a larger eye (or available valid data time).
Effectively, this cancellation results in better setup and hold timing specifications when measured with
respect to the output clock.
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Figure 7-3 shows the data eye for two cases.

+100mV
Serial data 0mv
(Pin: OUTN)
-100mV
+100mV
Serial data Omy
(Pin: OUTN)

100mV = F LA A

Eye Width

Case 1

Eye Width

\

Case 2

Figure 7-3. Eye Using an Internal Bit Clock (Case 1) and External Bit Clock (Case 2)

Case 1: In this case, the eye is the result when output data are measured by triggering the oscilloscope on
the output bit clock of the ADC (see Figure 7-2). As explained before, the jitter is largely correlated and

explains the resultant wide eye. This case is the condition under which Tl specifies the output LVDS timing
parameters of setup and hold times.
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Case 2: In this case, the eye is the result when output data are measured by triggering the oscilloscope
using an external bit clock that may be generated, for example, using an external PLL from the input
clock, as shown in Figure 7-4. In this case, the correlated component of jitter is very small. The eye is
noticeably smaller compared to the first case because most of the jitter is uncorrelated. This case
effectively results in worse setup and hold timings when output data are measured with respect to the
external bit clock.

The main conclusion from this discussion is that using the output bit clock from the ADC to latch the
serialized output data is recommended, especially at high data rates, because of the wide eye available
with this scheme.

Supply noise
Parallel datain
—
Serializer >
Input -
Clock High spee
1x serializerclock

PLL

High speed
External external
PLL > bitclock

multiplier

Figure 7-4. Jitter in Data and Clock Paths Compared with an External or Ideal Clock
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