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The EV12DS130B, is Teledyne e2v solution to allow easy interface with standard LVDS
FPGAs while benefiting from the 3GSps performance. It is a single channel 12-bit DAC.

If you require any support, please contact your local FAE or send an email at GRE-
HOTLINE-BDC@Teledyne.com.
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2.  INTRODUCTION:

To ensure synchronous behavior between several DACs it is mandatory that the sampling
clocks are aligned at the clock input of both of the components.

EV12DS130B has a SYNC input, that is used as a synchronization input: both DACs SYNC
input must be time aligned at the input of each component.

— DAC1
CLEL

Figure 1: EV12DS130B SYNC inpytf thulthggmponent configuration
The uncertainty due to the state of the latches™sreund clock edges leads to metastability. To

ensure deterministic conversion, the SYNdees must be positioned in regards to
oD
I

the clock edges. Thus, it will ensure, for e to have a deterministic start.
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Figure 2: wo illustration of deterministic start area
DAC analog output and DSR utput will stop deterministically if SYNC rising edge falls

out of metastable zone definedlby T1 and T2 timings.

!

SYMC EDGES 0K

DAC analog output ang
falls out of metastablg

SP\ CLK output will restart deterministically if SYNC falling edge
defined by T1 and T2 timings.

Only position of
restart of DSP_¢
So, SYNC pulsexquste synchronous with DAC input clock.

g edge compared to T1 and T2 timings impacts deterministic

To ensuke
methods.
measurem

terministic synchronization over multiple DACs, we suggest the 3 following
eXxtChapter is dedicated to description of each solution, and T1 T2 timings
enty can be found in annex.

3. SYNC GENERATION METHODS

3.1 Generating the SYNC with an FPGA

This solution is based on a SYNC pulse is sent by the FPGA directly to the DAC time aligned
at the DAC input.
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Figure 3: SYNC generation with an FFGA
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The SERDES lines allows to improve the speed and edges.of the SYNC signal, the clock is
used to generate the SYNC

With this configuration, the delay bloc can be used to fu
clock and help to avoid meta-stability. It is also a good
on the timing. (%
This solution eases the timing management apd
layout if the delay has a small enough granula
It is important no metastability occurs at the S N
work.

he SYNC timings versus the DAC
0 cope with temperature impact

% the constraints on the SYNC signal

put of the DACSs for this solution to

3.2 Compensating the delay betweepDA the FPGA

The following implementation is ug |n HGA and a delay detection stage. It is only
compensating delays, not solving tas akllities.

After power-up, the delay betweerDAGSY'is identified through the detection stage after the
DAC output.

d either prior to the DAC or in the reception stage

through a buffer adding thej(:/c}rr umber of clock cycle.

FPGA
' datal
{ DAC1
Delay
Q :;: data2 DAC2 detection

L S ——

Figure 4: Delay compensation between DACs in FPGA

e This solution requires only some digital processing but imply that a detection method is possible.
e The correction to add is only a multiple of clock cycle onto one or the other path.

However it needs to be done at every start-up of the system as the timing in the DAC starts
randomly if no SYNC is done.

Detection method are generally built into systems like MIMO or phased array receptors.
Other detection system could involve a feedback loop from the DAC output back to the
FPGA through an ADC.
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To facilitate the detection, test mode can be implemented in the FPGA and output of the
DAC and the SYNC is unused in this case.

3.3  Using external flip-flop :

This architecture uses external fast flip flop.
The SYNC pulse is sent by the FPGA to the fast flip-flop, the fast flip-flop output is then
propagated to the DACs. They are using the same or inverted clock in regard to the DAC.

FF1 (Fast
flip-flop 1)
FPGA | FSYNC1 | synci DAC1
FCLK1 CLK1
r ) »
. Clock ’
source
L 4 ¢
FCLK2 CLK2
| FSYNC2 »| SYNC2 DAC2
FF2 (Fast
flip-flop 2)

Figure 5: SYNC signal propag @ Fast Flip-Flop from FPGA to DACs

ment ahd reduces the constraints on the SYNC signal layout.
ys to be considered carefully so that SYNC1 and SYNC2

e The clock used for the flip-flop can be divigled by 2 or 4 compared to the DAC to ease the timing at the

flip-flop input.
A single flip flop can be used fa ple DACs. In that case, the metastability at the flip flop
input is not an issue but the S race length matching may be harder to achieve

It is important no metastak accurs at the flip flop input and the SYNC input of the DACs
for this solution to work.

2
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ANNEX : MEASURE OF TIME T1 AND T2 ON THE EV12DS130B

Why perform this measure ?
This T1 T2 timing measure has been performed due to the rising need of using several

DACs or several synched DACs channels. The target is to provide to the customer a solution

to implement correct synchronization procedure when multiple DAC are required.

If multiple DACs need to be synchronized, then a deterministic SYNC must be sent out of the

metastable zone of each DAC.

To perform this, two methods can be implemented:
- T1 T2 timing must be respected for the SYNC position in regayds ¢ e/Clock.

- Creation of a DSP_CLK Phase detector characterize the meta
and Odelay features of the FPGA (in our example Xilinx Ultrasc
metastable zone selecting the right Odelay value.

This solution needs an external reference clk (DIV_CLK] s@w nous to DAC_CLK and connected to

the FPGA to sample DSP_CLK. 0

he/firs thod where T1 and T2 must be
Iues for 2 EV12DS130B different
> Qe

fature range. This, to see impact of

In this application note, we will focus only on
respected. Below are presented the measure
sample at several clock rate and using a wide

Setup equipment:

To perform this test of characterizatiopf of
- Teledyne LeCroy Waverunner 640Zi s.e j
- Rohde&Schwartz signal generator'SMA180A (x2)

- Agilent 81134A Pulse generato
The synoptic of the set-up is p s@ below:
500MHz Signal
Generator

10MHz synchronization

Signal Generator

Locked on 500MHz, divider
32, pulse width 6ns

Pulse Generator

ClK. M CLKP

DS130 eval board SYNC_M SYNC_P
I t

Figure 6: Synoptic of the measurement setup

The picture taken of the cable configuration is presented below:
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61721.2.A:o.3....’ ......

« + » of CLK logic probe is on CLK_N line
-> use of invert function on the Scope

500MHz clock generator (for pulse) and
CLK clock generator are synchronized
(same 10MHz reference)

SYNC signal logic probe is soldered on
the bottom as close as possible to the
component (no deskew needed)

DSP signal is visualized on scope in single mEde 7: Pict A
on 500hm and used to find metastable zon lgure 7. FIcturee

llustration of the metastable zone

Multiple occurrences of SYNC are . On the scope capture the DSP signal overlaps
itself over the multiple trigs on SY [

The SYNC signal is taken into acco one deterministic clock signal edge. Thus, we
ensure if several DACs are provjded
start at the same clock edge in t@
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Figure 8: Scope capture SYNC out of metastable zone

Measures are performed with persistence mode ON: SYNC signal is sent periodically.
Multiple occurrences of SYNC are displayed. On the scope capture the DSP signal overlaps
itself over the multiple trigs on SYNC rising edge.
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The SYNC signal is taken into account on one deterministic clock signal edge. Thus, we
ensure if several DACs are provided this same CLK signal and SYNC signal their DSP will
start at the same clock edge instant.

SYNC edges are within metastable
clock zone
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Figure 9: Scope capture insfde clock metastable zone

Metastable zone can be described by the $¢hephatic below :

<«4—— Start of metastable zone
«+—— End of metastable zone

T2

|

[
|

—
=

T1

SYNC in MSZ
SYNC in MSZ

Figure 10: schematical representation of the metastable zone (MSZ)

Note : metastable zone width has been measured and is 20ps wide.

Measure of the delay T1

The measures of T1 delay that are shown below are performed for a clock frequency of
1GHz. Measures are performed at ambient temperature on two different samples. At
ambient temperature, values read are the same, approximation error.

The SYNC signal is positioned just before the metastable zone. SYNC pulse width is a
multiple of clock period, in this example pulse width is 6 clock period long.
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The aim of this measure is to determine for two metastable positions if the SYNC rising edge
time to clock falling edge is the same as SYNC falling edge time to clock falling edge.

320ps measured between clock falling edge and SYNC

Figure 11: Measure of T1 - clock falling ence to SYNC rising edge

320ps measured between clock falling edge and SYNC
— falling edge =

igu re of T1 - clock falling edge reference to SYNC falling edge

Figure 5 and figixe
taken indj v
At room em@r e, measures have been performed on two samples for a range of
frequencies statting at 500MHz to 3GHz.

allowed us to state that SYNC rising edge and falling edge can be

The measures/are presented in the table below :
Clock T1: SYNC risin_g
Part f edge to CLK falling

requency

edge

500MHz 320ps

Board A 1GHz 346ps

17-212-A03 2GHz 350ps

3GHz 348ps

Board C 500MHz 310ps
10/13
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22-212-C03 1GHz 350ps
2GHz 350ps
3GHz 366ps

Table 1: Measures of T1 values for two parts at different clock frequencies

At room temperature on two parts, timing measured are the same (approximation of the
reading error).

Measures of time T1 versus clock frequency and versus temp
the two samples.
Results are presented in the graph figure 8 and figure 9 ()

perform a zoom) m
N\

Time T1 between SYNC rising edge and clock

re have been made on

teation of graph scale to

falling edge
450
400
350
300 —@— 1GHz Board C
g 250 —@— 2GHz BoardC
E 200 ®— 3GHz BoardC
" 150 —®— 1GHz BoardA
100 —@— 2GHz BoardA
50 —@— 3GHz BoardA
0
25 35 45 55 65 75 85 95 105 115 125

Diode Temperature (°C)

%13: Timing measurements function of temperature
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Time T1 between SYNC rising edge and clock

falling edge
410
400
390
—@— 1GHz Board C
- 380
= —8— 2GHz BoardC
o 370
£ —8— 3GHz BoardC
= 360
—#— 1GHz BoardA
350 —— 2GHz BoardA
340 —@— 3GHz BoardA
330

105 115 125
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IMPORTANT NOTICE

Teledyne e2v provides technical and reliability data, including datasheets, design resources, application and
other recommendations (“Resources”) “as is” at the date of its disclosure. All Teledyne e2v Resources are
subject to change without notice to improve reliability, function or design, or otherwise.

These Resources are intended for skilled developers designing with Teledyne e2v products. You are solely
responsible for a. selecting the appropriate Teledyne e2v products for your application, b. designing, validating
and testing your application, and c. ensuring your application meets applicable standards, and any other safety,
security, or other requirements.

Teledyne e2v makes no warranty, representation or guarantee regarding the suiyability of these Resources for
2dyne e2v grants you permission

bhe Teledyne e2v products

these Resources, and (ii) any and all express or implied , including those of merchantability, fithess
for a particular purpose or non-infringement of intellecty efty rights. You shall fully indemnify Teledyne
e2v against, any claims, damages, costs, losses, and i arising out of your application of or use of these

Resources.

Teledyne e2v’s acceptance of any products purchasg

Teledyne e2v’'s General Terms and Conm hich are stated in any Teledyne e2v’s offer and can be
found at www.teledyne-e2v.com/about-us/te nd>sonditions/.

The provision of these Resources by Te yne\ez{/ oes not expand or otherwise alter Teledyne e2v’'s
applicable warranties or warranty disclaimersor Peledyne e2v products.

Mailing Address: Teledyne e2v Semil@to s SAS, Avenue de Rochepleine, 38120 Saint Egréve, France.
Telephone: +33 4 76 58 30 00
e-mail: gre-hotline-bdc@teledyne.c
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