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1. From the chip vendor (i.e., Xilinx, 

Altera IP Megastore, Aldec) for 
common cores
• Consider Xilinx CORE Generator: 

many free cores and evaluation 
versions, also supports 
purchasable cores:
• Ethernet MAC, USB, CAN 

(Controller Area Network, a bus 
standard), PCI, FFT, FIR filter, 
DDS, etc.

9

DDS, etc.

2. Additional vendors specializing in 
particular areas:
• Dillon Engineering makes ultra-

long FFT cores – they actually will 
implement them in your particular 
device

3. For free: for example see 
www.opencores.org
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• Multiply or divide an incoming 

clock frequency or synthesize a 
completely new frequency by a 
mixture of clock multiplication 
and division.

• DCM includes a Delay Locked 
Loop (DLL) to eliminate skew 
between both internal and 
external clock distribution 
networks

��

��

networks
• Phase Adjustment
• Also includes an “Arbitrary” 

clock generator, called the 
Digital Frequency Synthesizer 
(DFS)

– Useful for many things – adjust 
speed for power issues, etc.

• Clock-Conditioning
• Dual-Data Rate I/O
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DCM_inst : DCM

generic map (
CLKDV_DIVIDE => 2.0, -- Divide by: 1.5,2.0,2.5,3.0,3 .5,4.0,4.5,5.0,5.5,6.0,6.5

-- 7.0,7.5,8.0,9.0,10.0,11.0,12.0,13.0,14.0,15.0 or 16.0
CLKFX_DIVIDE => 1,   -- Can be any integer from 1 to  32
CLKFX_MULTIPLY => 4, -- Can be any integer from 1 to  32
CLKIN_DIVIDE_BY_2 => FALSE, -- TRUE/FALSE to enable CLKIN divide by two feature
CLKIN_PERIOD => 0.0,          -- Specify period of i nput clock
CLKOUT_PHASE_SHIFT => "NONE", -- Specify phase shift  of NONE, FIXED or VARIABLE
CLK_FEEDBACK => "1X",         -- Specify clock feedb ack of NONE, 1X or 2X
DESKEW_ADJUST => "SYSTEM_SYNCHRONOUS", -- SOURCE_SYNCHRONOUS, SYSTEM_SYNCHRONOUS or

-- an integer from 0 to 15
DFS_FREQUENCY_MODE => "LOW",     -- HIGH or LOW freq uency mode for frequency synthesis
DLL_FREQUENCY_MODE => "LOW",     -- HIGH or LOW freq uency mode for DLL
DUTY_CYCLE_CORRECTION => TRUE, -- Duty cycle correct ion, TRUE or FALSE
FACTORY_JF => X"C080",          -- FACTORY JF Values
PHASE_SHIFT => 0,        -- Amount of fixed phase shift from - 255 to 255

��
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PHASE_SHIFT => 0,        -- Amount of fixed phase shift from - 255 to 255
STARTUP_WAIT => FALSE) -- Delay configuration DONE u ntil DCM LOCK, TRUE/FALSE

port map (
CLK0 => CLK0,     -- 0 degree DCM CLK ouptput
CLK180 => CLK180, -- 180 degree DCM CLK output
CLK270 => CLK270, -- 270 degree DCM CLK output
CLK2X => CLK2X,   -- 2X DCM CLK output
CLK2X180 => CLK2X180, -- 2X, 180 degree DCM CLK out
CLK90 => CLK90,   -- 90 degree DCM CLK output
CLKDV => CLKDV,   -- Divided DCM CLK out (CLKDV_DIVI DE)
CLKFX => CLKFX,   -- DCM CLK synthesis out (M/D)
CLKFX180 => CLKFX180, -- 180 degree CLK synthesis ou t
LOCKED => LOCKED, -- DCM LOCK status output
PSDONE => PSDONE, -- Dynamic phase adjust done outpu t
STATUS => STATUS, -- 8-bit DCM status bits output
CLKFB => CLKFB,   -- DCM clock feedback
CLKIN => CLKIN,   -- Clock input (from IBUFG, BUFG o r DCM)
PSCLK => PSCLK,   -- Dynamic phase adjust clock inpu t
PSEN => PSEN,     -- Dynamic phase adjust enable inp ut
PSINCDEC => PSINCDEC, -- Dynamic phase adjust increm ent/decrement
RST => RST        -- DCM asynchronous reset input

);
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DAC: digital value to voltageADC: voltage to digital value
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• Direct Digital Synthesis is a mostly digital technique for generating an 

output waveform (sine, square or triangular) or clocking signal from a 
fixed-frequency clock source.

�9

For more on DDS http://sss-mag.com/pdf/synthbk.pdf
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• DAC

– The design shall use the DAC “IP” core, operating with a word 
width of 10 bits.

– The design will operate at an sample rate of ~8 kHz.
– The DAC shall operate at a minimum frequency of 100 MHz. The 

design shall use a DCM to generate this clock rate from the 50 MHz 
input clock.

– The DAC output shall be filtered with an external analog filter 
(provided in class)

�B

(provided in class)
– The DAC output pin shall use a LVTTL 24 mA driver.

• Sine-Wave Generator
– The sine-wave generator shall use the most recent Sine-Cosine 

Look-Up Table IP core.
– The phase-accumulator (i.e., theta) will be controlled by slider 

switches.
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• Use the Sine-Cosine Look-Up Table IP core v5.0
• This core accepts an unsigned input value THETA 

and produces sine(THETA) and/or cosine(THETA)
– We will only use sine
– The theta input [0:2^theta_width-1] maps to [0:2pi] with 

2^theta_width steps.

��

– To generate sine waves, for each sample “interrupt”, we will 
add the next theta_step (configurable from the switches) and 
send the sine(THETA) result to the DAC

– The output is 2’s complement, which will need to be 
converted to an unsigned number to be passed to the DAC

• The most negative number should map to 0
• The most positive number should be 2^WORD_WIDTH-1
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• Delta-Sigma DAC:
– Uses digital techniques, which makes it impervious to temperature 

change, and may be implemented in programmable logic
– Are over-sampled single-bit DACs (i.e., the output is a digital value at 

either VCC or ground).
– Using digital feedback, a string of pulses is generated. The average 

duty cycle of the pulse string is proportional to the value of the binary 
input.

��

input.
– The analog signal is created by passing the pulse string through an 

analog low-pass filter.
– Delta-Sigma DACs are used extensively in audio applications. They 

are suited for low frequency applications that require relatively high 
accuracy.
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• The �� subtracts the output (multiplied by a gain 
factor) from the input, and keeps an internal sum of 
the difference

• For small inputs (presume the output is 0):
– the � adder result will just be the input, and will slowly grow 

in the � adder, until it becomes large enough to set the 
output bit

��

output bit
– once the output bit is set, the � adder will immediately 

become quite negative, and the � adder will drop down 
substantially.
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• For large inputs (presume the output is 1):
– At “steady state”, the � adder will be a large value
– the � adder result will the output (scaled by a gain) 

subtracted from the input, or a small negative number. This 
will slowly shrink the result in the � adder, until it becomes 
small enough to clear the output bit

– once the output bit is cleared, the � adder result will 

�+

– once the output bit is cleared, the � adder result will 
immediately become large (since the B input is zero), and 
the � adder will grow quickly
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