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Interfacing Altera FPGAs to ADS4249 and DAC3482

Matt Guibord High Speed Data Converters

ABSTRACT

Interfacing FPGAs to high speed digital-to-analog converters (DAC) and analog-to-digital converters (ADC)
can be confusing, especially with so many interface formats available. This application note specifically
looks at interfacing Altera FPGAs to the Texas Instrument’s (TI) ADS4249 and DAC3482. Code examples
are provided that are tested and verified using the TSW1400 evaluation platform which interfaces
seamlessly with Tl high speed ADCs and DACs. An example of a simple repeater application is shown
which is used as a starting point for a full digital design. The design and timing constraints are discussed in
detail to aid the digital designer in closing timing between the FPGA and the data converters.

Contents

A o F= Lo A o g SR T = U | o IR 2
1.1 TSWILADOEVM ... s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaeaaaaaaaaaeas 3

1.2 ADSA249ENVM ..ottt 4

1.3 DACSBABZ2EVM ...ttt 4

2 Example Code EXPlaiN@d .........ouiiiiiiii i e e e e e e 4
2.1 Input Clocks and ClIOCK DOM@INS .......cceiiiiiiiiiie e e e e e e e e e eeeee e e eeeas 5

2.2 Interface ArChItECIUINES ......coi e 6
2.2.1 ADC Data INPUL ArCHITECIUIE ....veei e e e e e eeeees 6

2.2.2 DAC Data OULPUL ArCHITECLUIE ..... ..ot e e eeeeeeeees 9

2.3 TIMING CONSITAINTS ... .ciii i 11
2.3.1  DefiNING CIOCKS ... 12

2.3.2 FPGA Input Timing CONSIIAINTS .......ccoeiiiiiiiiiiiei e e e e e e 14

2.3.3 FPGA Output Timing CONSIIAINTS .....ccccoiiiiiiiiiei et e e 16

P T S W o 1o (o] @ [ 13 T o 1T 11 o 17

3 ADC Interface Without the USe Of @ PLL .....cccooiiiiiiii et 17
O @Y o] 1V =3 1 Y o U 18

Figures

Figure 1. Block Diagram Of the HardWare ... 3
Figure 2. Block Diagram of FPGA Architecture and Clock Domains ..........ccccceveeieeeeeiieceiiieneeennn, 4
Figure 3. Source-Synchronous Compensation Versus Normal Compensation in ALTPLL ....... 5
Figure 4. Block Diagram of the ALTDDIO_RX Instance of ALTDDIO IN.........cccccoveiiiieiieiiiiiiinnnnn. 6
Figure 5. Default ALTDDIO_IN Timing Diagram.......cccoeiiiiiiiiiie e e e e e e e 7
Figure 6. ALTDDIO_IN Timing Diagram with Inverted clockin.........ccccccooiiiiiiiii 8
Figure 7.  Arrangement and Reordering of ADC Bits out of the ALTDDIO_IN Function.............. 9
Figure 8. Block Diagram of the ALTDDIO_TX Instance of ALTDDIO_OUT ......cccovcciiiiieiiiieiiinnnnnn. 9
Figure 9. Block Diagram of the ALTDDIO_CLK_OUT Instance of ALTDDIO_OUT .................... 10
Figure 10. Timing Diagram of ALTDDIO_TX and ALTDDIO_CLK_OUT..........uuuuiimimmmmiiiiiiiiiinnnnnnns 11
Figure 11. Default Setup and Hold Times for the ADS4249 with a 250-MHz ClocK ..................... 13
Figure 12. Timing Requirements from the ADS4249 Datasheet ..........cccccceeiiiiiiiiiiiiiiiie e, 14
Figure 13. SDC Input Timing Constraints HUSTrated .............ccoooiiiiiiie e 15



I3 TEXAS
SLAA545 INSTRUMENTS

Figure 14. SDC Output Timing Constraints lllustrated ..............ooovviiiiiiiiiiiiiiiiiiie 16

Introduction

Interfacing FPGAs to high-speed digital-to-analog converters (DAC) and analog-to-digital
converters (ADC) can be confusing, especially with so many interface formats available. This
application note is meant to clarify the interface between the Altera FPGAs and TI's ADS4249
and DAC3482. The concepts shown in this application note extend to other Tl high-speed data
converters with similar interface formats.

The ADS4249 is a dual-channel, 14-bit, 250-MSPS ADC with a dual-bus, byte-wise digital
interface." The ADS4249 interface example is applicable to many TI high-speed ADCs including
the following families: ADS41XX, ADS42XX, and ADS62PXX.

The DAC3482 is a dual-channel, 16-bit, 1.25-GSPS DAC with a single-bus, sample-wise digital
interface.” The code example is designed for a data rate of 250 MSPS to the DAC allowing a
simple interface between the ADC and DAC. The same concepts extend to cover most of TI's
LVDS, high-speed DACs at varying data rates.

The provided code examples are tested and verified using the TSW1400 evaluation platform
which is designed to interface seamlessly with TI's high-speed ADC and DAC evaluation
modules (EVMs).? An example of a simple repeater application is shown which can be used as a
starting point for a full digital design. The design and timing constraints are discussed in detail to
aid the digital designer in closing timing between the FPGA and data converters.

1 Hardware Setup

The following sections describe the three main pieces of hardware. Figure 1 shows a block
diagram of the hardware setup with the TSW1400, ADS4249, and DAC3482EVMs and the clock
and signal sources.

2 Interfacing Altera FPGAs to ADS4249 and DAC3482
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Figure 1. Block Diagram of the Hardware

1.1 TSWI1400EVM

The code examples discussed in this application note are tested and verified on the TSW1400
data capture and pattern generation card. The TSW1400 captures digital data from ADCs and
sources digital data to DACs. The TSW1400 contains connections for both ADC and DAC
evaluation modules from TI. At the heart of the TSW1400 is the powerful Altera Stratix IV FPGA
that supports sourcing and receiving 16-bit parallel LVDS samples at rates up to 1600 MSPS.
The LVDS receive lines are brought over to an HSMC connector that interfaces directly with TI's
high-speed ADC EVMs. Similarly, the LVDS transmit pins connect to an HSMC connector to
interface with the TI high-speed DAC EVMs. Additionally, CMOS inputs and outputs are
available on the TSW1400 for use with any of the Tl high-speed CMOS ADCs or DACs.

The TSW1400 also has a 1-GB DDR2 memory module onboard that can store up to 512 M
samples during data capture or for pattern sourcing. The example code discussed here does not
make use of the memory. However, the High Speed Data Converter Pro (HSDCPro) software
GUI makes full use of the memory interface for both DAC and ADC evaluation.

Interfacing Altera FPGAs to ADS4249 and DAC3482 3
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1.2

1.3

ADS4249EVM

The ADS4249EVM allows evaluation of the ADS4249, a dual, 14-bit, 250-MSPS ADC. The
ADS4249EVM allows the use of a single-ended analog input that is converted to a differential
signal by transformers. This allows for evaluation over a wide range of input frequencies from
various signal sources. Additionally, the TSW1265EVM* is available as a full receiver solution
with a dual-channel downconverter, LMH6521 DVGA, and LMK04800 low-noise clock jitter
cleaner for full system evaluation. For this application note, a 250-MHz clock is provided to the
ADS4249EVM from a signal generator through the CLKIN SMA connector. The ADS4249 then
creates a 250-MHz output clock that is synchronous with the output data. Both the clock and
data are sent through the HSMC connector on the ADS4249EVM to the TSW1400.

DAC3482EVM

The DAC3482 is a dual, 16-bit, 1.25 GSPS DAC. The EVM allows evaluation of the DAC3482
with transformer coupled outputs and the CDCE62005 clock generator. Additionally, the
TSW3085EVM?® is available, allowing the evaluation of the full transmit solution consisting of the
DAC3482 driving the TRF3705 quadrature modulator and also includes the LMK04800 clocking
solution. For the example code, a 1-GHz clock is applied to the DAC3482EVM through the
EXT_REF_CLK SMA input. The CDCEG62005 receives the clock and distributes a 1-GHz clock to
the DAC and also divides the clock by four to send a 250-MHz clock to the FPGA to create the
transmit clock domain. The DAC3482 is setup with an interpolation of four and a data rate of 250
MSPS for a final DAC output rate of 1 GSPS.

Example Code Explained

The following sections will breakdown the example code in detail. A simplified block diagram of
the example code is shown below in Figure 2.

RX Clock Domain

250 MHz
External Clock

1GHz

F PGA External Clock

Rt ALTDDIO_RX

(ALTDDIO_IN)

ALTDDIO_TX
(ALTDDIO_OUT)

RX_to_TX_FIFO ’
(DCFIFO)

ADS4249

DAC3482
1

ALTDDIO_CLK_OUT |

(ALTDDIO_OUT) Ivds_tx_data_clk_p A
250 MHz 1GHz

250 MHz

cl 250 MHz
0 TX_PLL lvds_tx_fpga clk_p
250 MHz (ALTPLL)
0° Shift

RX_PLL
250 MHz (ALTPLL) 250 MHz
Ivds_rx_clk_p 0° shift

CDCE62005

[
1
|
|
|
! 90° Shift
|
|
|
|
[

Figure 2. Block Diagram of FPGA Architecture and Clock Domains

Interfacing Altera FPGAs to ADS4249 and DAC3482
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2.1 Input Clocks and Clock Domains

There are two clocks sent to the FPGA in the example code which form two clock domains
within the FPGA. The ADS4249 provides a 250-MHz input clock for the receive domain from its
source-synchronous data clock. The transmit side of the FPGA receives a 250-MHz clock from
the DAC3482EVM that is divided down by four from the 1-GHz DAC output clock using the
CDCEG62005. Figure 2 shows the external clock sources and the clocks used throughout the
design.

Both input clocks are brought into phase-locked loops (PLL) which generate the internal clocks.
On the RX side, the ADS4249 provides a center-aligned source-synchronous data and clock.
For a source-synchronous interface, the goal of the FPGA is to keep the clock-to-data phase
relationship seen at the input pins the same at the internal I/O registers, to maintain the
maximum timing margin. Therefore, the RX PLL is setup to simply recreate the input clock using
source-synchronous compensation mode and a 0° phase shift. Source-synchronous
compensation mode maintains the phase relationship between the clock and data coming from
the ADS4249 inside of the FPGA by matching the delay from the clock input pin to the 1/O
registers and the delay from the data input pins to the I/O registers.® Note that a clock phase
shift is not needed inside of the FPGA because the ADS4249 already provides a center-aligned
data clock and the source-synchronous compensation of the FPGA’s PLL maintains this
relationship. Figure 3 shows a block diagram of source-synchronous compensation in the FPGA.

The TX side receives a clock from the DAC3482EVM that does not have data associated with it
so source-synchronous mode is not needed, since there is no data-to-clock phase relationship to
maintain. Therefore, the PLL on the TX side recreates the TX input clock with 0° phase shift, but
normal compensation mode is used since there is no data associated with this clock. Normal
compensation mode compensates for the delay introduced by the global clock network from the
input pin to the register that is being clocked as shown in Figure 3. The 0° phase shift clock is
used to clock data out of the RX-to-TX FIFO and to clock data out of the FPGA to be sent to the
DAC. The DAC3482 expects center-aligned data so the PLL is also used to create a clock that
has a 90° phase shift relative to the 0° phase shift clock. The 90° phase shifted clock is used to
create the TX output clock so that a 90° phase difference exists between the data and data
clock. This creates a source-synchronous, center-aligned interface between the FPGA and DAC.

FPGA FPGA

/—\ o "
Data Register * Data ﬁ Register ’

Tclock_to_reg =Tdata_to_reg TC|OCK_t°_fEB =0ns

N\

Data Clock > ALTPLL cO Data Clock > ALTPLL cO

Figure 3. Source-Synchronous Compensation Versus Normal Compensation in ALTPLL

Interfacing Altera FPGAs to ADS4249 and DAC3482 5
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2.2

221

The clocks are supplied by lab signal generators that are synchronized by their 10-MHz
references so both RX and TX domains are frequency locked. Still, the phase relationship
between the two clock sources is not known so a FIFO is needed to transfer the data between
the clock domains. Realistically, the RX PLL could be used to create the clocks for the TX
domain since both are running at 250 MHz. In this case, a FIFO is not needed because the
phase relationship between the RX and TX clocks would be known. However, two separate
clocks were chosen for this design because the FIFO provides an easy breaking point in the
code to separate the interfaces.

Interface Architectures

ADC Data Input Architecture

The ADC input interface is created by the ALTDDIO_IN Altera Megafunction. This block has
double data rate (DDR) input registers that capture data on both the rising edge and falling edge
of the input clock. Single data rate (SDR) data is clocked out of the block on the rising edge of
the input clock where dataout_| contains the data clocked in on the previous falling edge and
dataout_h contains the data clocked in on the current rising edge. Figure 4 shows the block
diagram for the ALTDDIO _IN function. For more information on the ALTDDIO_IN function, see
the user’s guide.” The rx_pll_clk clock shown in Figure 4 should be used as the SDR clock for
the rest of the design.

{lvds_rx_port0 [6:0],

Ivds_rx_port1 [6:0]} datain [13:0] dataout_h [13:0] ﬁ altddio_rx_h

ALTDDIO_RX
(ALTDDIO_IN)

rx_pll_locked ————3aclr dataout_| [13:0]ﬁ altddio_rx_|

A

Figure 4. Block Diagram of the ALTDDIO_RX Instance of ALTDDIO_IN

rx_pll_clk

The default timing diagram for the ALTDDIO _IN function is shown in Figure 5 for the odd and
even bits of the ADS4249. This timing diagram assumes that there has been no phase shift of
the clock between the ADS4249 and the ALTDDIO_IN function. This timing diagram shows that
on the rising edge of the input clock the output dataout_| has the odd bits from the previous
sample (sample N-1) and the output dataout_h has the even bits of the current sample (sample
N). This means that the odd and even bits at the output of the function for each clock cycle are
not from the same ADC sample. This creates a problem when trying to compile the DDR data
into a single sample for processing. The problem is illustrated in Figure 5.

Interfacing Altera FPGAs to ADS4249 and DAC3482
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Figure 5. Default ALTDDIO_IN Timing Diagram

There are two ways to fix this problem; the first is to invert the input clock by applying a 180°
phase shift in the PLL. The timing diagram for the inverted input clock is shown in Figure 6. The
new diagram shows that the even and odd bits for the same sample are clocked out on the rising
edge of the input clock with the even bits on dataout_| and the odd bits on dataout_h. Notice that
the even and odd bits have swapped outputs from the previous default case. This is the method
used in the example code.

Note that the PLL implementation in the example code does not have a 180° phase shift as
mentioned above. This phase shift is actually done external to the FPGA by physically swapping
the differential traces on the layout of the EVM such that the positive output of the ADC goes to
the negative input of the FPGA. Swapping the differentially traces is the same as inverting the
signal (or applying a 180° phase shift) so that the clock coming into the FPGA is already
inverted. Therefore, a 0° phase shift in the FPGA is sufficient to provide an inverted clock to the
ALTDDIO_IN function. Without the physical inversion, the PLL needs to perform the phase shift.

The second option is to delay the even bits on dataout_h from the previous sample by one clock
cycle. This can be easily accomplished by creating a register that clocks in the even bits on the
rising edge of the SDR clock. Once the even bits are delayed by one clock cycle, the matching
odd bits will come out of the ALTDDIO_IN block on the next rising edge of the SDR clock. These
can then be combined to form one ADC sample.

Interfacing Altera FPGAs to ADS4249 and DAC3482 7
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Figure 6. ALTDDIO_IN Timing Diagram with Inverted clockin

The ADS4249 uses two 7-bit data buses where each bus contains one ADC channel with the
even and odd bits for that channel interleaved so they are output on the rising and falling edge of
the data clock, respectively. The example code uses a single ALTDDIO_IN function with 14
LVDS input pairs such that dataout_| and dataout_h each contain 7 bits from channel A and 7
bits from channel B for 28 total bits output from the ALTDDIO_IN function on each clock rising
edge. The arrangement of these bits is shown in Figure 7 for the inverted clock case. For signal
processing, these bits need to be rearranged into separate 14-bit samples for channels A and B.
A simple assign statement is used to put them in the correct order. The function of the assign
statement is shown in Figure 7. Note that the ADS4249 is 14 bits while the DAC3482 is 16 bits.
Two zeros are padded to the end of each 14-bit sample so the 14 most significant bits of the
DAC are used. If the delay method is used, the even and odd bits will be on dataout_h and
dataout_|, respectively.

8 Interfacing Altera FPGAs to ADS4249 and DAC3482
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dataout_h [13:0] dataout_| [13:0]
|A13|A11|A9 |A7 |A5 |A3 |A1 |B13|B11| B9 | B7 | BS | B3 | B1 | IA12|A10| A8 |A6 |A4 | A2 |A0 |312|310| B8 | B6 | B4 | B2 | BO |
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rx_chA_sample [15:0] rx_chB_sample [15:0]

Figure 7. Arrangement and Reordering of ADC Bits out of the ALTDDIO_IN Function

2.2.2 DAC Data Output Architecture

For the DAC, two ALTDDIO_OUT Altera Megafunctions are used.” One of the instances simply
outputs the data and sync signals and the other instance creates the DDR output clock. The
block diagram for the data output ALTDDIO_OUT function is shown in Figure 8. The datain_h
port takes in the sample for channel A of the DAC and datain_| takes in the sample for channel B
such that channel A is output on the rising edge of the clock and channel B on the falling edge.
These samples come from the FIFO separating the RX and TX clock domains. There is an
additional input for the DAC sync signal that is generated by pushing PUSHBUTTON1 with
debounce code to prevent multiple sync instances. Notice that there is a zero as the last input bit
which is necessary because a 17-bit ALTDDIO_OUT function is not allowed. Therefore, an 18-
bit function is created and a dummy bit is used to allow the code to compile.

{tx_chA_sample [15:0], ) . {lvds_tx_port_p [15:0],
dac_sync_signal, 1'b0} dataingh Catolt Ivds_tx_sync_p, dummy}
ALTDDIO_TX
(ALTDDIO_OUT)

{tx_chB_sample [15:0],

dac_sync_signal, 1'b0} datain_|
tx_pll_locked — aclr %
tx_pll_data_clk

Figure 8. Block Diagram of the ALTDDIO_TX Instance of ALTDDIO_OUT

Interfacing Altera FPGAs to ADS4249 and DAC3482 9
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There is a second ALTDDIO_OUT instance that generates the output clock shown in Figure 9.
ALTDDIO_CLK_OUT simply takes in a 1 and 0 that it outputs on the rising and falling edge of
tx_pll_output_clk, respectively. The output of this block becomes the data clock for the data

transmitted to the DAC. Note that the clock for this block is the PLL clock that has a 90° phase

shift compared to the data clock. This creates a center-aligned, source-synchronous interface as
required by the DAC.

1'b] e—)> datain_h dataout p—)- vds_tx_data_clk_p

ALTDDIO_CLK_OUT
(ALTDDIO_OUT)

1'b0 ﬂ datain_|

tx_pll_locked == outclocken *

tx_pll_output_clk

Figure 9. Block Diagram of the ALTDDIO_CLK_OUT Instance of ALTDDIO_OUT

The timing diagram for these two blocks is shown in Figure 10, illustrating that tx_pll_output_clk
has a 90° phase shift compared to tx_pll_data_clk. The data is clocked out on tx_pll_data_clk
and the output clock is created from tx_pll_output_clk. At the bottom of the diagram, it is obvious
that the data and output clock form a center-aligned source-synchronous output. The output
clock is created using an ALTDDIO_OUT block, instead of using the PLL clock directly, because
the DDR output blocks have more tightly matched delays to the output pins than the global clock
network to the DDR output block. This eases the timing closure.

Interfacing Altera FPGAs to ADS4249 and DAC3482
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Figure 10. Timing Diagram of ALTDDIO_TX and ALTDDIO_CLK_OUT

2.3 Timing Constraints

The purpose of timing constraints is to describe the data to clock skew of an external device that
is interfacing with the FPGA. These constraints give the code synthesizer a valid clock-to-data
skew target for the internal timing of the FPGA. The most important thing to remember is that it
is the external interface that is being defined. This section only discusses timing constraints for
source-synchronous interfaces such as those used with TI ADCs and DACs.

For a device that is transmitting data to the FPGA, such as an ADC, the timing constraints define
the amount of variation in skew that could exist between the data and data clock. First the latch
and launch clocks are defined, where the launch clock represents the data transition edge and
the latch clock represents the data clock. The clock definitions set the initial ideal timing between
the data and clock. Then, minimum and maximum delays are defined that represent the
maximum possible delay variation of the data lines. These delays essentially specify the valid
data window around the latch clock.

Interfacing Altera FPGAs to ADS4249 and DAC3482 11
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For a device that is receiving data from the FPGA, such as a DAC, the timing constraints define
the minimum time that the receiver requires the data to be valid before and after the latch clock
edge in order to capture the data correctly. It can be thought of as defining the range of delays
between the data and clock that the internal paths of the receiving device may introduce. The
delays define the amount of time that the FPGA must guarantee that the data arrives before or
after the latch clock to meet timing under all situations. Again, the clocks are defined first to give
an ideal starting point and then delays are applied to define the time the receiver requires to
capture valid data.

The following sections assume familiarity with the Synopsis Design Constraint (SDC) format and
TimeQuest Timing Analyzer. For an introduction and examples, please see the TimeQuest
Timing Analyzer documentation on Altera’s website, www.altera.com.

2.3.1 Defining Clocks

12

The first step in setting up timing constraints is to define the external clocks for both the RX and
TX domains. For the RX clock domain, the clock that exists at the actual FPGA input port is the
data clock that is output from the ADC. This clock is defined as shown in the SDC line below.
The period is set to 4 ns, assuming the ADS4249 is running at 250 MSPS, and the clock is
applied to the Ivds_rx_clk_p input port defined in the top-level verilog file.

create_clock -name ADC_DATA_CLK -period 4.00 [get_ports lvds_rx_clk p]

Next, a virtual clock is created defining the ideal launch clock for the data coming out of the
ADC. Since the ADC is a center-aligned interface, the launch clock needs to be advanced by 90°
in order to obtain the correct initial setup and hold times. This is shown in the line below, where
the waveform parameter defines the rising and falling edge position, respectively, where the
default values are 0 ns and 2 ns for a 250-MHz clock. Advancing the clock by 90° is equivalent
to having the rising edge occur 1 ns sooner, so a value of —1 ns should work, however, the
waveform parameter cannot have negative values. Since the waveform parameter understands
that clocks are periodic, and then a value of 3 ns and 5 ns will be understood as —1 ns and 1ns.

create_clock -name ADC_LAUNCH_CLK -period 4.00 -waveform {3 5}

Next, the ADC latch clock is manually created from the PLL output as shown below, rather than
allowing the tool to do it automatically. This way, the name ADC_LATCH_CLK can be used in
other statements rather than using the longer, automatically generated PLL clock name. These
clock definitions must come before the derive_pll_clocks statement mentioned below.

create_generated_clock -name ADC_LATCH_CLK \
-source [get _pins {RX_PLL_inst]altpll_component]auto_generated|pll1l]inclk[0]}] \
[get_pins {RX_PLL_inst]altpll_component]auto_generated|pl11]clk[0]}]

Interfacing Altera FPGAs to ADS4249 and DAC3482
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Adding the two lines below automatically derives the clocks of the PLL that have not already
been defined and calculates the clock uncertainty.

derive_pll_clocks
derive_clock_uncertainty

Figure 11 shows the default setup and hold times of the clocks described above. There are four
possible default setup and hold times that TimeQuest analyzes:

e rising edge to rising edge

e rising edge to falling edge
o falling edge to rising edge
o falling edge to falling edge

The desired default setup time should be based on the rising edge to rising edge and falling
edge to falling edge. The desired default hold time should be based on the rising edge to falling
edge and falling edge to rising edge. Although TimeQuest analyzes all four cases for both setup
and hold, only the two most restrictive cases are used to constrain timing. Two of the four cases
are shown in Figure 11.

The shorter setup and hold times shown in Figure 11 are used because they are more restrictive
than the longer setup and hold times. The SDC file in the example code contains set_false_path
statements between the ADC latch and launch clocks that tell TimeQuest to ignore these extra
setup and hold times which simplifies analysis and timing reporting, but they are not required for
proper analysis.

ADC_LAUNCH_CLK

Hold (tha) %&tup (tsa) Hold (tha) Setup (ts)
Vv 1lns 1ns 3ns 3ns
ADC_DATA_CLK |

Incorrect default setup and hold times for a DDR
interface, but these do not effect analysis
because they are less restrictive (3 ns > 1 ns)

Correct default setup and hold
times for a DDR interface

Figure 11. Default Setup and Hold Times for the ADS4249 with a 250-MHz Clock

Interfacing Altera FPGAs to ADS4249 and DAC3482 13



I3 TEXAS

SLAA545 INSTRUMENTS

For the TX side, first the input clock from the DAC3482EVM needs to be added as shown below. This
is the divided down clock that is sent from the DAC3482EVM back to the TSW1400 providing a clock
for the TX clock domain. This clock is applied to the input port Ivds_tx_fpga_clk_p and is used as the
input clock for the TX_PLL block.

create_clock -name TX_FPGA CLK -period 4.00 [get_ports lvds_tx_fpga _clk p]

Next, the DAC launch clock is manually created, rather than automatically through the
derive_pll_clocks statement, allowing the use of a more convenient clock name as shown below. This
way, the name DAC_LAUNCH_CLK is used in other statements to define the PLL output clock rather
than using the longer automatically generated name. Both of these clock definitions must come
before the derive_pll_clocks statement mentioned previously.

create_generated_clock -name DAC_LAUNCH_CLK \
-source [get _pins {TX_PLL_inst]altpll_component]auto_generated|pll1l]inclk[0]}] \
[get_pins {TX_PLL_inst]altpll_component]auto_generated|pl11]clk[0]}]

2.3.2

14

Next, derive the PLL clocks and clock uncertainty as mentioned above, followed by the definition of
the DAC data output clock, shown below. The statement below defines the DAC data clock at the
FPGA output port. Although this clock is generated by the ALTDDIO_CLOCK_OUT function, the
source for the clock is the 90° phase-shifted PLL clock output. The ALTDDIO_CLOCK_OUT output is
applied to the port Ivds_tx_data_clk_p.

create_generated_clock -name DAC_DATA_CLK \
-source [get _pins {TX_PLL_inst]altpll_component]auto_generated|pll1l]clk[1]}] \
[get_ports lvds_tx_data _clk_p]

The DAC_DATA CLK and DAC_LAUNCH_CLK also have four possible default setup and hold
times. The same argument applies here that only the two most restrictive setup and hold times are
used. The set_false_path statements are added for these clocks to simplify analysis and reporting
timing, but they are again optional. As in the ADS4249 case, the default setup and hold times on the
TX side are both 1 ns, since it is a center-aligned interface.

FPGA Input Timing Constraints

Once the external clocks are created, the delays must be defined based on the external devices. On
the RX side first, the setup and hold times of the ADS4249 need to be pulled out of the datasheet.
The excerpt in Figure 12 is taken from the timing requirements table in the ADS4249 datasheet." The
ADC setup and hold-time parameters define the data-valid window around the clock zero-crossing
point and represent the window of time that the FPGA can use to meet timing. The data setup time
represents the time before the clock edge that the data is valid and the hold time represents the time
after the clock edge that the data is valid. The minimum values, shown on the left side for each
parameter, are the most useful because they are valid over temperature and account for bit-to-bit
skew.

DDR LVDS MODE®)
tsu Data setup time Data valid¥ to zero-crossing of CLKOUTP 0.6 0.88 ns
ty Data hold time iig)"-g(rgssmg of CLKOUTP to data becoming 0.33 0.55 ns

Figure 12. Timing Requirements from the ADS4249 Datasheet
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Figure 13 provides a graphical view of the ADC setup and hold times as well as the input delays
that must be defined. In the figure, the green blocks represent the total skew that the FPGA is
allowed to introduce internally and the red blocks represent the maximum and minimum delays
that the ADC may introduce on the data line.

th

|
datain X
I

Max delay Min delay
Launch Clock tog - tou '(thd > th)
| | |
| | Default Hold (tng) | | Default Setup (ty)
l l 1ns | 1ns
| | | |
I | f f
Latch Clock I | | |
(ADC clock) | | | |
f f | |
| | | |
| 0.4ns | | -067ns |
| | | |
I | | |
| |
| |
] ]
| |

Datasheet

Figure 13. SDC Input Timing Constraints Illustrated

Since the ADC setup and hold times define the data valid window around the data clock, it is
fairly intuitive that the rest of the clock period is consumed by the ADC in the form of delays on
the data line. The input timing delays defined in the SDC file then specify the possible range of
data delays the ADC could introduce. Therefore the min and max delays are defined as equation
1 and equation 2 below. The variables used in the equations are defined in Figure 13.

maxirputidday :tsd _t.m 1

put = — —_
W0,y detay (tm th) 2

These equations assume that the data and clock traces on the board are well matched. This is a
valid assumption with the TSW1400 and ADS4249EVM where the traces are matched within 10
mils. If a data trace is longer than the clock trace then that reduces the setup time and increases
the hold time so the max delay increases and the min delay decreases accordingly. If the clock

trace is longer than the data trace, then that reduces the hold time and increases the setup time
so the min delay increases (becomes more negative) and the max delay decreases accordingly.
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2.3.3 FPGA Output Timing Constraints
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One simple way to think about the output timing delays is to imagine them as defining the data
delay inside of the receiving device before they reach the latching register. This essentially says
that the delays specify the minimum amount of time the receiver needs the data held constant
around the latching clock in order for the data to be at the latching register in time for the clock
to capture the data successfully. Knowing this, the timing delays are very straight-forward for a
DAC. The DAC setup and hold times listed in the datasheet specify the amount of time that the
DAC needs to receive data before the clock edge and the time the DAC needs the data held
constant after the clock edge, respectively. Therefore, it is very straightforward that the
maximum output delay is simply the setup time of the DAC and the minimum output delay is the
negative of the hold time of the DAC. This is illustrated in Figure 14.

Again, these delays are only valid if the data and clock lines are matched precisely, such as with
the DAC3482EVM and TSW1400. If there is mismatch between the traces, the delays need to
be accounted for. If the data trace is longer than the clock trace, then the max delay increases
and the min delay decreases accordingly. If the clock trace is longer than the data trace then the
max delay decreases and the minimum delay increases.

DAC_LAUNCH_CLK

Default Hold (tng)

1ns Default Setup (t.)

1ns

Max delay
0.15ns

Min delay

DAC_OUTPUT_CLK -0.35 ns

tsu th

T th

Ivds_tx_port_p >< X

|
|
|
0.15ns| 0.35ns
; ,
|
|
f

I
|
I
I
I
|
I
I
|
|
f
I

I
k& From DAC3482

Datasheet

Figure 14. SDC Output Timing Constraints lllustrated
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2.3.4 Tips for Closing Timing

If the designer is having trouble closing timing there are a few simple things that can be tried.
First, the PLL of both the RX and TX side can be used to introduce a phase shift inside the
FPGA to increase setup or hold times. By adding a delay on the latch clock, the default setup
time is increased and the default hold time is decreased. This should help to improve the setup
slack in the case where the setup timing has little slack but the hold timing has a lot of slack.
Alternatively, a negative phase shift can be added to the latch clock to increase hold slack and
decrease setup slack. Similarly, the TX PLL can add more or less phase difference between the
0° launch clock and the 90° latch clock to improve the setup and hold times at the DAC.

Note that changing the PLL clock-phase shifts does not affect the SDC timing constraints
because only the internal timing has changed while the external timing has remained the same.
Remember that the SDC file describes the external interface timing only.

The devices often allow even more flexibility. For instance, the DAC3482 allows programming in
different setup and hold times, effectively shifting the required data window around the data
clock. This may be especially useful for closing timing at sample rates higher than 250 MSPS.
The ADS4249 has similar features in which the rising and falling clock edges can be shifted in
time, but not as extensive as the DAC3482.

3 ADC Interface Without the use of a PLL

It is easy to consume all of the FPGA’s PLLs when interfacing many devices with it. In these
situations, it is desirable to avoid the use of PLLs for the receiving devices. It is possible to bring
the clock into the FPGA and use it directly at the ALTDDIO_IN block. The caveat is that the
clock-to-data relationship is no longer maintained within the FPGA as it was when using a PLL
with source-synchronous compensation. Therefore, the FPGA must match the delays between
the clock and data lines to meet the necessary timing for a center-aligned interface. This should
be possible since the FPGA 1/O cells have adjustable data delays. If the timing constraints are
set correctly, the fitter should be able to match the delays between the clock and data traces.
This will create a fairly robust solution because the matched delays should vary similarly over
process, voltage, and temperature differences.

If timing cannot be met or timing is met with marginal results, the clock shifting feature of the
ADS4249 can be used to move the clock edge compared to the data to loosen the matching
requirement inside of the FPGA. If this is done, then the timing constraints will need to be
updated to match the new timing of the ADC interface. The easiest way to do this is to simply
modify the —waveform property of the ADC launch clock. Since it is the ADC latch clock (data
clock) that is actually being shifted, an advance of the latch clock is equivalent to a delay on the
launch clock. Simply add the amount of time that the latch clock has been advanced to the
—waveform values of the launch clock. Likewise, a separate —waveform parameter could be
defined for the latch clock (ADC_DATA _CLK) to shift the latch clock edge.

Interfacing Altera FPGAs to ADS4249 and DAC3482 17
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4 Conclusion

This application note illustrates examples of both an ADC and a DAC interfacing with an Altera
FPGA. The ADC is the ADS4249, a 250-MSPS, 14-bit ADC. The DAC is the DAC3482, a 1.25-
GSPS, 16-bit DAC. The TSW1400 data capture and pattern generation card is used as a
development platform for these interfaces. For both devices, the FPGA interface architecture is
described in detail giving a solid comprehension of the design. The timing constraints for both
interfaces are discussed and diagrams are shown providing a more intuitive understanding.
Example code is provided as a working example for implementation into an existing FPGA or for
further expansion using the TSW1400 as the development platform.

! ADS4249 Datasheet (SBAS534C)

2 DAC3482 Datasheet (SLAS748D)

¥ TSW1400 User Guide (SLWUOQ79A)

* TSW1265 User Guide (SLAU429)

® TSW3085 User Guide (SLAU364)

® Phase-Locked Loop (ALTPLL) Megafunction User Guide
(http://www.altera.com/literature/ug/ug_altpll.pdf)

" Double Data Rate 1/0 (ALTDDIO_IN, ALTDDIO_OUT, and ALTDDIO_BIDIR) Megafunctions User
Guide (http://www.altera.com/literature/ug/ug altddio.pdf)

18 Interfacing Altera FPGAs to ADS4249 and DAC3482


http://www.ti.com/litv/pdf/sbas534
http://www.ti.com/litv/pdf/slas748
http://www.ti.com/litv/pdf/slwu079
http://www.ti.com/litv/pdf/slau429
http://www.ti.com/litv/pdf/slau364
http://www.altera.com/literature/ug/ug_altpll.pdf
http://www.altera.com/literature/ug/ug_altddio.pdf

IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer's systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. TI may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, 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 Tl components or services are used.
Information published by TI regarding third-party products or services does not constitute a license to use such products or services, or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL Tl BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Reproduction of significant portions of Tl information in TI data books, data sheets or reference designs 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 altered documentation. Information of third parties may be subject to additional restrictions.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any Tl components in
Buyer's safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of Tl components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, Texas Instruments Incorporated





