
Lecture 10

Today: Spartan-3 analog I/O and DDS.

Handouts: Printed copy of today's lecture slides.
List of VHDL reserved words and operators.

Read: VHDL materials on handouts web page

References: Pedroni, data sheets, etc.

Please keep the lab clean and organized.

Last one out should close the lab door!!!!

Nothing is more di�cult, and therefore more precious, than t o be able to decide.
— Napoleon I.
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Today's comments

Lots of VHDL tutorial material available on the web.

The project topic selection and team formation meeting will be held
this coming Wednesday evening starting at 8 PM in EECS Room TB D.

If you can't make the meeting have someone act as your proxy.

HW3B is accepted until midnight. Will collect into a single P DF �le and
mail it to the class mailing list. We are NOT limited to this se t of
suggestions when selecting projects.
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Sensors and the like

ñ Came across a Freescale Semiconductor demonstration of a
basketball motion tracking and telemetry system.
Accelerometers, outputs integrated, provide 3D tracking
information which is sent to a computer via a ZigBee RF
link. Used for evaluating what went right/wrong with a
shot. This gives the shooter real time feedback which is
useful when PRACTICING.

ñ Freescale and Cypress Semiconductor sell capacitive
sensors that can be used to detect changes in environment.
Lots of interesting information is available on these two
sites.

ñ Freescale also makes and sells pressure sensors.

ñ www.sparkfun.com sells a wide range of neat items that
can be useful to a project.
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VHDL Comments
ñ VHDL is case insensitive .

ñ Identi�ers start with alphabetic.

ñ May include only alphabetic, numeric digit underscore (_).

ñ Cannot terminate using underscore.

ñ VHDL has reserved words that cannot be used as identi�er
names.

ñ Starting with VHDL 93, these rules were relaxed by
enclosing a symbol name between backslash characters, for
example: \sync#\ .

What were they thinking? A very common practice is to name
signals such as synchronization and enables that are active low
using leading or trailing characters such as #, \ , etc. This helps
the designer in keeping track wether an enable enables when
high or low. Some people don't like this usage. I assume that
they were in charge when VHDL was �rst de�ned.
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Digilent Spartan-3 family boards

Digilent sells a variety of design platforms based on Sparta n-3
variants. These di�er in terms of

ñ Spartan-3 sub-family, S3, S3E.

ñ Size of the FPGA used.

ñ The type of external memory, static RAM, DRR2, paged and so on .

ñ Connectors used to connect o� board devices to the FPGA.

ñ The over voltage protection included on the FPGA lines.

ñ extra and/or di�erent o� board connectors.

These boards have in common

ñ Eight slide switches.

ñ Four digit seven segment display.

ñ Four push buttons.

ñ At least four 6-pin PMod connectors. A special board (MIB) is
needed for the S3SB in order to add these.
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Spartan-3 Starter Board used by EECS 452

ñ FPGA : XC3S1000 (106 gates)

ñ Package : FT256 (a ball grid package)

ñ Speed: -4 (not the fast part)

ñ EPROM : XCF04S (larger than on base board)

ñ Board powered by 5 Volt supply.

ñ Regulated voltage : 3.3 Volts.

ñ Signal lines are NOT 5 Volt tolerant!!!!

ñ Three 40-pin connectors, A1, A2 and B1.

ñ Supplied with Parallel Port JTAG programming cable. Cable
supported by IMPACT and ExPort.

ñ Connector A2 cabled to C5510 External Peripheral Interface
connector.

ñ Module Interface Board on B1 is used to convert 40-pin
connector to 8 6-pin PMod connection positions.
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Some available PMod boards

ñ Dual 12-bit A/D converter, AD1.

ñ Dual 12-bit D/A converter, DA2.

ñ Four slide switches, SWITCH.

ñ Digital input, DIN1.

ñ Dual BNC, CON2.

ñ Speaker/headphone ampli�er, AMP1.

ñ Rotary encoder, ENC.

ñ and many more.

Given su�cient lead time we can create our own project speci� c
boards.
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Digilent D/A, A/D and MIB
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From Digilent data sheets.

We have modi�ed our
MIB boards to have sock-
ets in positions J1, J3,
J5, J7 and pins in the
other positions. The ucf
naming is J1 ! pmod_a,
J3! pmod_b, J5 ! pmod_c
and J7! pmod_d.
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Pmod, MIB and other connectors

ñ Pins on MIB connect to pins on PMod modules.

ñ We have installed sockets on alternate positions. Why?

ñ Use socket-socket cables to connect pins.

ñ Make sure VB on MIB connects to VCC on PMod!

ñ Make connections with power OFF!

On the S3SB:

ñ For now connector A1 is “not” being used. (Actually is
connected to memory bus which is used by the XVGA
entity.)

ñ A2 is reserved for connecting to DSK peripheral interface
bus to the Spartan-3 Starter Board.

ñ B1 is left for use by other devices. MIB goes here !

ñ The Spartan-3 Starter Boards has provision for lots of
connections. This is the primary reason we chose it.
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PMod pins

PMod pin names used on the MIB.

ñ IO1 — general I/O

ñ IO2 — general I/O

ñ IO3 — general I/O

ñ IO4 — general I/O

ñ GND — power ground.

ñ V — never use any voltage other than 3.3 volts.

Names used on individual boards vary with the board.

Please try very hard to connect V to the V pin on the PMod being
plugged in. Things will often work better that way.
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EECS 452 “standard” PMod placement

Our goal is to always place, one to all, the switch, A/D and D/A
PMod boards as follows.

ñ Four slide switch PMod goes J1 (PMod A).

ñ A/D PMod goes J3 (PMod B).

ñ available, J5 (PMod C).

ñ D/A PMod goes J7 (PMod D).

It makes life a bit simpler having some predictability.
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Exercise 4

ñ Demonstrates:
ñ interfacing the PMod DA2 D/A converter,
ñ DDS using the S3SB,
ñ interfacing the PMod AD1 A/D converter,
ñ single supply level shifting,
ñ S3SB electret microphone interface.
ñ simple A/D in, D/A out loop,
ñ S3SB/C5510 link, C5510 master,
ñ metastability demonstration,
ñ S3SB/C5510 link, S3SB master.

The exercise introduces the dual-channel A/D and D/A PMod
modules.
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Combined top-down, bottom-up design

The only real design e�ort was implementing the bit serial
interfaces for the D/A and A/D devices.

ñ Two chips mounted per PMod board.

ñ One converter per chip.

ñ Four lines: data 1, data 2, sync, clock.

ñ Max clock rates of 30 (D/A) and 20 (A/D) MHz.!

ñ 16-bit data frames are used.

Low level entities were created �rst. Attention was given on
these would be used by higher levels. Tested using test VHDL. I
suppose these would be considered device drivers written in
VHDL.
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Starting with the D/A

A simple test is to run a counter and send the count values to
the D/A and observe the waveform. About as basic test you can
do.

Check the schematic and data sheet to

ñ determine the part number.

ñ see how the part is designed into the board.

ñ �nd the PMod pin signal assignments.

Check the D/A data manual to determine

ñ how it works. Actually, to learn how to make it work.

ñ the signal timings.

ñ the mapping from digital input values to output voltages.
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The Digilent PMod-DA2 module
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The PMod-DA2 uses two National Semiconductor DAC121S101
12-bit digital-to-analog converters with rail-to-rail ou tput.

Uses a bit-serial interface. Maximum serial clock rate is 30 MHz.
Operates using supply voltages in the range 2.7V to 5.5V.

Figure from the PMod Digilent data sheet.
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The DAC121S101 D/A

Max serial clock : 30 MHz

Data uses o�set binary.

Analog output updates on 16th
shift clock falling edge.

From the National Semiconductor data sheet.

20114906
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How to make the D/A work

Here are some observations/guesses about control of the D/A .
These are based on the timing timing diagram and written
signal descriptions contained in the data sheet. Use of a sta te
machine in the D/A control logic is assumed.

ñ sync_n can remain high between updates going low when a
serial transfer is to start.

ñ The start of a serial transfer is detected by sampling
sync_n using the rising edges of sclk .

ñ Data bits are sampled on the falling edges of sclk .

ñ There is a counter in the D/A that loads D/A holding
register from the input shift register. Possibly on the 16th
falling edge of sclk .

ñ After loading the DAC register the state machine waits for
the next high to low transition on sync_n
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Going from now to next

if rising_edge(clk) then

what shall be <= depends upon what now is;

end if;

--------------------------------------------------- -
--------------------------------------------------- -

counter <= counter+1;
if counter = 15 then

whatever
end if;

What happens when entering this code segment with counter
containing 14? Does whatever happen or not?
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D/A driver body
entity pmod_dac0 is

Port ( go : in STD_LOGIC;
da_a : in STD_LOGIC_VECTOR (11 downto 0);
da_b : in STD_LOGIC_VECTOR (11 downto 0);
pmod : out STD_LOGIC_VECTOR (3 downto 0);
clk : in STD_LOGIC);

end pmod_dac0;

architecture Behavioral of pmod_dac0 is

signal sync_n, sclk : std_logic := '1';
signal counter : std_logic_vector(3 downto 0);
signal d_a, d_b : std_logic_vector(11 downto 0);
signal sr_a, sr_b : std_logic_vector(15 downto 0);
signal goo, clear_goo : std_logic := '0';
signal mygoo : std_logic_vector(1 downto 0);
type t_state is (s_idle, s_wait, s_run);
signal state : t_state := s_idle;

begin
pmod(0) <= sync_n; pmod(1) <= sr_a(15);
pmod(2) <= sr_b(15); pmod(3) <= sclk;

process(go, clear_goo) is begin
if clear_goo = '1' then goo <= '0';
elsif rising_edge(go) then

d_a <= da_a; d_b <= da_b; -- copy input values
goo <= '1'; -- note go happened

end if;
end process;

-- main process goes here

end Behavioral;
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D/A driver main process
process(clk, da_a, da_b) is
begin

if rising_edge(clk) then
sclk <= not sclk; -- generate clk/2 shift clock
mygoo <= mygoo(0) & goo; -- sample go signal
case state is

when s_idle =>
sclk <= '1'; -- hold DA clock high
if mygoo = "01" then -- rising edge test

sr_a <= "0000" & not d_a(11) & d_a(10 downto 0);
sr_b <= "0000" & not d_b(11) & d_b(10 downto 0);
counter <= (others => '0');
sync_n <= '0';
sclk <= '0';
clear_goo <= '1';
state <= s_wait;

end if;
when s_wait =>

clear_goo <= '0';
state <= s_run;

when s_run =>
if sclk = '0' then

sr_a <= sr_a(14 downto 0) & '0';
sr_b <= sr_b(14 downto 0) & '0';
counter <= counter+1;
if counter = 15 then

sync_n <= '1';
state <= s_idle;

end if;
end if;

end case;
end if;

end process;
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Initiating a conversion

ñ This entity is designed so that the go and the clk signal can
exist in di�erent clock domains.

ñ Moving a signal between clock domains usually involves a
level in one domain whose change signals an event and a
clock in a second domain that samples the event signal.

ñ If the setup time on the register being used to latch the
event is smaller than required the register can enter a
metastable state.

ñ A metastable state is one where the latch knows that a
decision is needed about whether or not the event occurred
but it can't decide. In theory this can take forever.

ñ Metastable events cannot be avoided. However there are
things that one can do to minimize the probability of a
metastable state becoming a problem.
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Walk through

ñ 50 MHz clock is assumed.

ñ 25 MHz SCLKis generated unless explicitly held high.. 25
MHz is within the the D/A 30 MHz limit.

ñ GOpulses are assumed to be spaced at least 1 � s apart.
Only needs to be one 50 MHz clock period long.

ñ When GOis '1' then set four-bit counter to 0, copy 12-bit a
and b values into 16-bit shift registers with “normal” �ag
bits. Send sync_m and SCLKlow.

ñ Skip the low part of SCLK.

ñ Loop changing state only when SCLKis low. At the low to
high transition, shift data, increment the counter. Howeve r,
if the counter is 15 then also set sync_m high and go back
to idling state.

Recall that the values to be updated are updated on the NEXT
rising edge of the clk .

EECS 452 – Fall 2008 Lecture 10 – Page 22/41 Wednesday – Septemb er 24, 2008



D/A timing diagram
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Simple test using ramps
entity rampgen is

Port ( go : out STD_LOGIC;
ramp_a : out STD_LOGIC_VECTOR (11 downto 0);
ramp_b : out STD_LOGIC_VECTOR (11 downto 0);
led : out STD_LOGIC_VECTOR(7 downto 0);
clk : in STD_LOGIC);

end rampgen;

architecture Behavioral of rampgen is
signal a_ramp, b_ramp : std_logic_vector(11 downto 0);
signal counter : std_logic_vector(5 downto 0);

begin
ramp_a <= a_ramp;
ramp_b <= b_ramp;
process(clk) is
begin

if rising_edge(clk) then
counter <= counter+1;
go <= '0';
if counter = 0 then

go <= '1';
a_ramp <= a_ramp+1;
b_ramp <= b_ramp+3;

end if;
end if;

end process;
end Behavioral;
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D/A test top
entity DACtest0top is

Port ( pmod_d : out STD_LOGIC_VECTOR (3 downto 0);
led : out STD_LOGIC_VECTOR (7 downto 0);
mclk : in STD_LOGIC);

end DACtest0top;

architecture Behavioral of DACtest0top is

signal clk, go : std_logic;
signal dclk : std_logic_vector(3 downto 0);
signal pmod : std_logic_vector(3 downto 0);
signal ramp_a, ramp_b : std_logic_vector(11 downto 0);

begin

pmod_d <= pmod;
clk <= mclk;

-- reduce the clock when generating scope display
--
--clk <= dclk(3); -- normally a big no-no!

led <= ramp_b(11 downto 4);

dac : entity work.pmod_dac0
port map(go => go, da_a => ramp_a, da_b => ramp_b,

pmod => pmod, clk => clk);

ramper : entity work.rampgen
port map(go => go, ramp_a => ramp_a, ramp_b => ramp_b, clk => c lk);

process(mclk) is
begin

if rising_edge(mclk) then
dclk <= dclk+1;

end if;
end process;

end Behavioral;
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Using the D/A

Now that we have a D/A driver and know how to make a
counter let's make a sine wave direct digital synthesizer!

The Xilinx CORE Generator provides modules for a sine/cosin e
lookup table and for a DDS. We could use these. Some other
day. We will go DIY.

To create a DDS we need a ROM and we need to program the
ROM.
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Working with block RAM

Something like 24 18K bit blocks of dual port memory on the
S-3/1000 boards.

Divided into parity and data sections.

Word size is independently con�gurable for each port.

Are initialized upon the FPGA is programmed. Becomes a ROM
if one does not write to it.

Initialized using 256 bit vectors.

Can share a block RAM between ROM for a DDS and a delay
memory used by a FIR �lter.

Use instantiation templates found in ISE. Not very di�cult t o
work with. RAM blocks are clocked, so one need to think a bit
about what happens when.

EECS 452 – Fall 2008 Lecture 10 – Page 27/41 Wednesday – Septemb er 24, 2008



A simple DDS entity (part 1)

Uses two processes.

begin
AC0 <= ACC0(31 downto 24);
AC1 <= ACC1(31 downto 24);

process(clk, reset)
begin

if reset = '1' then
elsif rising_edge(clk) then

counter <= counter_next;
ACC0 <= ACC0_next;
ACC1 <= ACC1_next;
FTV0R <= FTV0R_next;
FTV1R <= FTV1R_next;
DAC_load <= DAC_load_next;

end if;
end process;
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A simple DDS entity (part 2)

process(FTV0_load, FTV1_load)
begin

ACC0_next <= ACC0;
ACC1_next <= ACC1;
FTV0R_next <= FTV0R;
FTV1R_next <= FTV1R;
DAC_load_next <= '0';
if counter = 49 then

ACC0_next <= ACC0+FTV0R;
ACC1_next <= ACC1+FTV1R;
DAC_load_next <= '1';
counter_next <= "000000";

else
counter_next <= counter+1;

end if;
if FTV0_load = '1' then

FTV0R_next <= FTV0;
end if;
if FTV1_load = '1' then

FTV1R_next <= FTV1;
end if;

end process;
end Behavioral;
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Sine table initialization

-- Address 0 to 255
INIT_00 => X"2E112B1F2826252822231F1A1C0B18F915E212C8 0FAB0C8C096A064803240000",
INIT_01 => X"584255F5539B51334EBF4C3F49B4471C447A41CE 3F173C56398C36BA33DF30FB",
INIT_02 => X"750473B5725470E26F5E6DC96C236A6D68A666CF 64E862F160EB5ED75CB35A82",
INIT_03 => X"7FF57FD87FA67F617F097E9C7E1D7D897CE37C29 7B5C7A7C79897884776B7641",
INIT_04 => X"776B788479897A7C7B5C7C297CE37D897E1D7E9C 7F097F617FA67FD87FF57FFF",
INIT_05 => X"5CB35ED760EB62F164E866CF68A66A6D6C236DC9 6F5E70E2725473B575047641",
INIT_06 => X"33DF36BA398C3C563F1741CE447A471C49B44C3F 4EBF5133539B55F558425A82",
INIT_07 => X"03240648096A0C8C0FAB12C815E218F91C0B1F1A 2223252828262B1F2E1130FB",
INIT_08 => X"D1EFD4E1D7DADAD8DDDDE0E6E3F5E707EA1EED38F055F374F696F9B8FCDC0000",
INIT_09 => X"A7BEAA0BAC65AECDB141B3C1B64CB8E4BB86BE32C0E9C3AAC674C946CC21CF05",
INIT_0A => X"8AFC8C4B8DAC8F1E90A2923793DD9593975A9931 9B189D0F9F15A129A34DA57E",
INIT_0B => X"800B8028805A809F80F7816481E38277831D83D7 84A485848677877C889589BF",
INIT_0C => X"8895877C8677858484A483D7831D827781E38164 80F7809F805A8028800B8001",
INIT_0D => X"A34DA1299F159D0F9B189931975A959393DD9237 90A28F1E8DAC8C4B8AFC89BF",
INIT_0E => X"CC21C946C674C3AAC0E9BE32BB86B8E4B64CB3C1B141AECDAC65AA0BA7BEA57E",
INIT_0F => X"FCDCF9B8F696F374F055ED38EA1EE707E3F5E0E6 DDDDDAD8D7DAD4E1D1EFCF05",

256 values of 16-bits. Used M ATLAB to generate. Primary thing to
realize is that the least signi�cant bit is on the right and th e most
signi�cant bit is on the left.
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The Digilent PMod-AD1 module
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The PMod-AD1 uses two National Semiconductor ADCS7476 12-b it
analog-to-digital converters supporting rail-to-rail in put.

Uses a bit-serial interface. Maximum serial clock rate is 20 MHz.
Operates using supply voltages in the range 2.7V to 5.25V.

Figure from the PMod Digilent data sheet.
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The ADCS7476 A/D
Max serial clock : 20 MHz

Max sample rate: 1 MHz

Data uses o�set binary.

Input switches from track to hold on
falling edge of the sync signal.

From the National Semiconductor data sheet.
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Comments

ñ Timing diagrams typically show what one can get away with
not necessarily best practice.

ñ Notice the runt SDATAdigit. This is what can get away with.
I really wouldn't design to cause this.

ñ Relative to the clock shown I started CSbar half a clock
earlier. This gives a more full data bit.

ñ The SDATAbits are sampled at the instant at which the sclk
falling edges are started.

ñ I can do this because I sample the bit at the same time as I
start the edge to fall. It takes time to fall and be recognized
by the A/D and then shift the next data bit. Generally the
registers in the FPGA have 0 ns hold time.
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Bipolar A/D input using a single supply
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Analysis of this is included in the lab write-up.

Assumes a voltage source, i.e., DC coupled source. If source is AC
coupled, i.e., through a series capacitor, the source DC imp edance is
in�nite. . . not good. Most of today's signal sources are volt age sources. A
light shunt resistor, say 100 to 1000 Ohms likely will not be felt. So put
one from the left side of R3 to ground and see what happens, or better
yet, analyze the result.
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A/D driver body
entity pmod_adc0 is

Port ( go : in STD_LOGIC;
ad_a : out STD_LOGIC_VECTOR (11 downto 0);
ad_b : out STD_LOGIC_VECTOR (11 downto 0);
pmod : inout STD_LOGIC_VECTOR (3 downto 0);
clk : in STD_LOGIC);

end pmod_adc0;

architecture Behavioral of pmod_adc0 is

signal goo, clear_goo : std_logic := '0';
signal sclk, cs_n : std_logic := '1';
signal ad0, ad1 : std_logic;
signal mygoo : std_logic_vector(1 downto 0);
signal counter : std_logic_vector(3 downto 0);
signal ar_a, ar_b : std_logic_vector(11 downto 0);

type t_state is (s_idle, s_convert);
signal state : t_state;

begin
pmod(0) <= cs_n and (not goo); ad0 <= pmod(1);
ad1 <= pmod(2); pmod(3) <= sclk;

process(go, clear_goo) is begin
if clear_goo = '1' then goo <= '0';
elsif rising_edge(go) then

goo <= '1';
end if;

end process;

-- main process goes here

end Behavioral;
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A/D driver main process

process(clk) is begin
if rising_edge(clk) then

sclk <= not sclk;
mygoo <= mygoo(0) & goo;

case state is
when s_idle =>

sclk <= '1';
if mygoo = "01" then

cs_n <= '0';
counter <= (others => '0');
state <= s_convert;

end if;
when s_convert =>

clear_goo <= '1';
if sclk = '1' then

ar_a <= ar_a(10 downto 0) & ad0;
ar_b <= ar_b(10 downto 0) & ad1;
counter <= counter+1;
if counter = 15 then

ad_a <= not ar_a(10) & ar_a(9 downto 0) & ad0;
ad_b <= not ar_b(10) & ar_b(9 downto 0) & ad0;
clear_goo <= '0';
cs_n <= '1';
state <= s_idle;

end if;
end if;

end case;
end if;

end process;
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Exercise 4 S3SB comments

ñ Develop D/A entity �rst. Gain experience with
implementing bit-serial interface. Easy to best, just outp ut
a counter's state. Once we have a working D/A entity we
have a ready window into the FPGA.

ñ Direct digital synthesis (DDS) of waveforms is a very
common DSP task (e.g., the Agilent waveform generators in
the lab) and needs minimal e�ort. Exercise introduces use
of BRAM as ROM.

ñ Develop A/D entity next. Serial interfacing should be old
hat now. Need level shifting to use with the Agilent
generator. Simplest task is A/D in and D/A out.

ñ We have total control which means we have total
responsibility. How do we control the sample rate?

ñ Using the A/D—D/A combination we can look simple
waveforms aliased and then reconstructed and see what
happens.
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Some clock and timing issues

ñ Would like to use A/D to allow attaining max 1 MHz sample
rate. If could use 25 MHz shift clock (50 MHz divided by 2),
no problem. Max shift clock is 20 MHz (50 MHz divided by
5 times 2). Can use a DCM to do this.

ñ Using 50 MHz for overall RTL AND 40 MHz for shift clock
results in having two timing domains. A common situation.

ñ In our case, sample timing is based on 50 MHz. The shift
clock is at a 20 MHz.

ñ My original solution was to allow, tolerate, some jitter in t he
sample time. Sync pulse was based on the 40 MHz clock.

ñ Plan on trying to base sync on the 50 MHz go pulse and the
shift clock on the 40 MHz clock. Should be possible.

ñ When working with multiple clock domains special care
needs to be given to how logic in the two domains interact.
Try to minimize the number of bridge points.
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Here it is, are you done?

Rather than using lock step entities, data is often �owed.

Two general paradigms: push or pull.

Push: I have a data value, you take it from me.

Pull: I want a data value, you give it to me.

Asynchronous designs (no clock) often are generally use
self-timed data �ow. We will vary this and do clocked self-ti med
data �ow (CSTDF).

Often we will have only one clock domain. However, CSTDF
proves very useful when moving between clock domains.

There are lots of variations possible, and I'm (unfortunate ly) not
all that consistent .
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“The” four phase handshake
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Assume data source is the A/D and the consumer is a FIR �lter.

A: req going high indicates that A/D has placed a sample on the da ta
lines.

B: ack going high indicates that the FIR has copied the data. A/D will not
make req high again until ack goes low.

C: req going low indicates that the A/D noted FIR's action.

D: ack goes low indicates that FIR is ready for another sample an d will be
monitoring the req line.

Of course, things can go wrong and one needs to plan for this.
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Thinking about sample rates
We are pretty much making things up as we go. Seeing what works
and what doesn't. Sometimes good ideas come later rather tha n
earlier (Assuming that they ever come!).

ñ The A/D 50/40 MHz issue is resolved by generating the A/D go
pulse in the 50 MHz domain triggering a conversion in the 40
MHz domain. The same 50 MHz clock transition used to generate
go also copies the previous sample into register in the 50 MHz
domain. Once a sample has been generated by the A/D it is
placed into a holding register. The only restriction is allo wing
su�cient time for the conversion between go rising edges.

ñ We can generate sample clocks by dividing down the 50 MHz
clock. How accurately we need a clock is very application
dependent. How close is close enough?

ñ If we use a DDS to generate a sample clock that is correct on the
average there likely will be jitter in the A/D sample timing. This
might create serious problems in a 256 QAM demodulator but no
problems when reconstructing a MP3 track.
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