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Features

• Parameterizable VHDL RAMs

• Supports Xilinx Virtex architecture

• Uses SelectRAMTM for more efficient
storage

• Supports memory depths from 64 to
8192 in 16 bit increments

• Source files for Single Port / Dual Port
versions

• Selectable registered inputs/outputs

• Selectable input/output clock enables

• Selectable multiplexing scheme for the
combination of RAMs

Functional Description

This source code implements an N-bit data
width by an L-word depth memory array for
Virtex devices.  VHDL generics are used to
allow the customization of the module
without making changes to the source file.

The use of generics also allows the user the
ability to instantiate multiple memory arrays
of different sizes at the user level.

Using VHDL Generics to Specify Inputs

The incoming signal control via generics is
shown in Figure 1.  When the generic is
used to multiplex different signals, the

unused logic is trimmed due to the fact that
it is loadless.

The data, DI, address, A, and dual port
address, DPRA (for dual port RAM only) use
two generics to determine how the signals
reach the RAM array.  The first generic,
input_registered, selects registered or non-
registered versions of DI, A, and DPRA to
appear at the memory array.  The second
generic, clken_for_input, assigns either the
input clock enable, ICE, or a logic level high
to appear at the clock enable port for DI, A,
and DPRA registers.

The RAM write-enable, WE, uses up to
three generics (input_registered,
clken_for_input, and wrten_for_ram) to
determine the write enable for the RAM.
The truth table for the memory array write
enable  is shown in Table 1.

Inputs (generics) Outputs

Input_
registered

clken_for_
input

wrten_for_
ram

we_to_ram

0 X 0 1

0 X 1 WE

1 0 0 1 registered

1 0 1 WE
registered

1 1 0 ICE
registered

1 1 1 (ICE * WE)
registered

Table 1: we_to_ram specification using generics

Using VHDL Generics to Specify Outputs

The outgoing signal control via generics is
shown in Figure 2.  When the generics used
to multiplex different signals, the unused
logic is trimmed due to the fact that it is
loadless.  The single port output, SPO, and
the dual port output, DPO, use three
generics (output_registered,
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input_registered

DI
di_to_ram

    GENERIC :
input_registered
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FIGURE 1: Input Generic Multiplexing
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FIGURE 2: Use of VHDL Generics to control Output Multiplexing
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clken_for_output, multiplex_out), and the
output clock enable, OCE, to determine
which output is implemented.  The
distributed RAM outputs are shown in Table
2.

Address Select ion RAM A rray

The single port RAM module utilizes the
Xilinx primitive RAM32X1S.  For arrays that
are not multiples of 32 but are multiples of
16, the fifth address line of the most
significant RAM32X1S is tied to a logic level
low.

The dual port RAM module utilizes the
Xilinx primitive RAM16X1D.

For an L-word deep single port RAM,
num_alines address lines are required,
where

num_alines = RoundUp(Log 2(L-1)) = (M+1)

The lowest 5 bits, A (4 downto 0), are
connected to every RAM32X1S in the array.

The upper bits, A (X downto 5), are used as
follows:  for each column of RAM generated
(each column is 32 bits deep, generic
memory_depth / 32 = number of columns) a
write-enable to the RAM column is also
generated.  This is accomplished by bit-wise
XORing the column number (constant
arline_slv) with A (X downto 5) , followed by
logic AND reduction. There are two Lookup
tables required to implement the ANDs.
The outputs of the two LUTs are used as the
select for carry logic multiplexers (MUXCY).
By driving the inputs to the MUXCYs with
known logic values and the signal
we_to_ram, an efficient decode is

accomplished in 1 Virtex Slice.  The
resultant bit (1 if equal, 0 if not equal) is
generated as per Table 1.  When location
constraints and FMAPs are used, a single
Virtex slice can implement the write-enable
control for a single column (see Figure 3)
when the memory depth is less than or
equal to 8192 bits.  Larger depths of
memory should not be used without
modifying the VHDL code.

When tri-state multiplexing of the outputs is
selected (multiplex_out = 1), the output of
each RAM32X1S primitive drives an internal
tri-state buffer and only one buffer is active
for each bit of SPO.  In this configuration a
similar approach is used to control the tri-
state buffers in a one-hot scheme. This is
accomplished by bit-wise XORing the
column number (constant arline_slv) with A
(X downto 5), followed by logic AND
reduction.  There are two Lookup tables
required to implement the ANDs.  The
outputs of the two LUTs are used as the
select for carry logic multiplexers (MUXCY).
By driving the inputs to the MUXCYs with
known logic values, an efficient decode is
accomplished in 1 Virtex Slice.  The
resultant bit (1 if equal, 0 if not equal) is
inverted and connected to the T input of the
Xilinx primitive BUFT.  When location
constraints and FMAPs are used, a single
Virtex slice can implement the write-enable
control for a single column (see Figure 4)
when the memory depth is less than or
equal to 8192 bits.  Larger depths of
memory should not be used without
modifying the VHDL code.

Inputs Outputs

output_registered clken_for_output multiplex_out OCE SPO DPO

0 X 0 X o_lut dpo_lut

0 X 1 X o_tbuf dpo_tbuf

1 0 0 X o_lut registered dpo_lut registered

1 0 1 X o_tbuf registered dpo_tbuf registered

1 1 X 0 SPO DPO

1 1 0 1 o_lut registered dpo_lut registered

1 1 1 1 o_tbuf registered dpo_tbuf registered

Table 2: RAM outputs specification using generics and OCE
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Figure 3: Generation of WE control for RAM column (generation of RAM column select).

Figure 4: Generation of Tristate column select for multiplex_out  = 1   (tristates used for output muxing).

When lookup table (LUT) based
multiplexing is used on the outputs, the
upper address lines function as the select
lines of a logic

multiplexer.  Each piece of input data to the
multiplexer is an output from a RAM.



Parameterizable Distributed RAM for Virtex (VHDL)

© 1999 Xilinx, Inc.  All rights reserved.  (Version 1.1) 5

Port Name Description
A [M:0] Address bus

DI [N:0] Input data port

ICE Input clock enable
(clock enable for A, DI, and
WE)

OCE Output clock enable

WE Write enable for RAM array

WR RAM array clock

SPO [N:0] Single port output

Generic Description
Data_width Must be greater than or

equal to 2

Memory_depth Only multiples of 16   are
allowed
Must be greater than or
equal to 48 and less than
or equal to 8192

Num_of_alines Integer greater than or
equal to
log2(memory_depth)

Wrten_for_ram 1 or 0
1 uses WE on the RAM
0 does not use WE

Input_registered 1 or 0
1 uses input registers
0 does not use input
registers

Clken_for_input 1 or 0
1 uses clock enables for
input registers
0 does not use clock
enables for input registers

Output_registered 1 or 0
1 used output registers
0 does not use output
registers

Clken_for_output 1 or 0
1 uses clock enables for
output registers
0 does not use clock
enables for output registers

Multiplex_out 1 or 0
1 uses tri-state multiplexing
for RAM to outputs
0 uses lookup tables to
multiplex RAM to outputs

Table 3: dram_sp.vhd pinout

Port Name Description
A [M:0] Address bus

DPRA [M:0] Dual port Address bus

DI [N:0] Input data port

ICE Input clock enable
(clock enable for A, DI, and
WE)

OCE Output clock enable

WE Write enable for RAM array

WR RAM array clock

SPO [N:0] Single port output

DPO [N:0] Dual port output

Generic Description
Data_width Must be greater than or

equal to 2

Memory_depth Only multiples of 16   are
allowed
Must be greater than or
equal to 48 and less than
or equal to 8192

Num_of_alines Integer greater than or
equal to
log2(memory_depth)

Wrten_for_ram 1 or 0
1 uses WE on the RAM
0 does not use WE

Input_registered 1 or 0
1 uses input registers
0 does not use input
registers

Clken_for_input 1 or 0
1 uses clock enables for
input registers
0 does not use clock
enables for input registers

Output_registered 1 or 0
1 used output registers
0 does not use output
registers

Clken_for_output 1 or 0
1 uses clock enables for
output registers
0 does not use clock
enables for output registers

Multiplex_out 1 or 0
1 uses tri-state multiplexing
for RAM to outputs
0 uses lookup tables to
multiplex RAM to outputs

Table 4: dram_dp.vhd pinout
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Pinouts and Instantiation
Templates

For the single port RAM (dram_sp.vhd), port
names are shown in the symbol in Figure 5.
Port names, VHDL Generic names and their
descriptions for this module are listed in
Table 3.

For the dual port RAM (dram_dp.vhd), port
names are shown in Figure 6, and port
names and VHDL Generic names are listed
in Table 4 with their descriptions.

The instantiation templates for dram_sp.vhd
and dram_dp.vhd are shown in Tables 5
and 6, respectively.

Figure 5: dram_sp.vhd symbol

Figure 6: dram_dp.vhd symbol

component dram_sp
generic (
data_width    : integer := 16;
memory_depth  : integer := 64;      
num_of_alines : integer := 6;
wrten_for_ram     : integer := 0;
clken_for_input   : integer := 0;
clken_for_output  : integer := 0;
);

port (
DI : in std_logic_vector

(data_width-1 downto 0);
A  : in std_logic_vector (num_of_alines-1 downto

0);
WR : in std_logic;
SPO : out std_logic_vector (data_width-1 downto

0);
WE  : in std_logic;
ICE : in std_logic;
OCE : in std_logic
);

end component;

dut: dram_sp generic map (
data_width=>data_width,
memory_depth=>memory_depth,
num_of_alines=>num_of_alines,
wrten_for_ram=>wrten_for_ram,
input_registered=>input_registered,
clken_for_input=>clken_for_input,
output_registered=>output_registered,
clken_for_output=>clken_for_output,
multiplex_out=>multiplex_out)
    port map (
DI=>DI,
A=>A,
WR=>WR,
SPO=>SPO,
WE=>WE,
ICE=>ICE,
OCE=>OCE);

Table 5: dram_sp.vhi instantiation template



Parameterizable Distributed RAM for Virtex (VHDL)

© 1999 Xilinx, Inc.  All rights reserved.  (Version 1.1) 7

component dram_dp
generic (
data_width    : integer := 16;
memory_depth  : integer := 64;      
num_of_alines : integer := 6;
wrten_for_ram     : integer := 0;
clken_for_input   : integer := 0;
clken_for_output  : integer := 0;
);

port (
DI : in std_logic_vector (data_width-1 downto 0);
A  : in std_logic_vector

(num_of_alines-1 downto 0);
DPRA  : in std_logic_vector (num_of_alines-1

downto 0);
WR : in std_logic;
SPO : out std_logic_vector (data_width-1 downto

0);
 DPO : out std_logic_vector (data_width-1 downto

0);
WE  : in std_logic;
ICE : in std_logic;
OCE : in std_logic
);

end component;

dut: dram_dp generic map (
data_width=>data_width,
memory_depth=>memory_depth,
num_of_alines=>num_of_alines,
wrten_for_ram=>wrten_for_ram,
input_registered=>input_registered,
clken_for_input=>clken_for_input,
output_registered=>output_registered,
clken_for_output=>clken_for_output,
multiplex_out=>multiplex_out)
    port map (
DI=>DI,
A=>A,
DPRA=>DPRA,
WR=>WR,
SPO=>SPO,
DPO=>DPO,
WE=>WE,
ICE=>ICE,

   OCE=>OCE);

Table 6: dram_dp.vhi instantiation template

Example:  How to specify a RAM
using Generics

Example 1 shows the VHDL generic value
assignments required to create a
component instantiation for a 32 bit wide,
128 deep single port RAM array with output
registers, output register clock enables, and
an output-multiplexing scheme employing
LUTs.

dut: dram_sp generic map (
data_width=>          32,
memory_depth=> 128,
num_of_alines=>     7,
wrten_for_ram=>     1,
input_registered=>   0,
clken_for_input=>    0,
output_registered=> 1,
clken_for_output=>  1,
multiplex_out=>        0)
    port map (
DI=>DI,
A=>A,
WR=>WR,
SPO=>SPO,
WE=>WE,
ICE=>ICE,

   OCE=>OCE);

Example 1: Generics to instantiate a 128x32 single
port RAM with output registers, output register clock
enables, and LUT-based output multiplexing schem.
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Performance and CLB  Utilization Data
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Depth Width Port Type Mux  Type Slice Count Virtex  -6 MHz
64 4 Single tbuf 32 134
64 4 Single lut4 22 145
64 4 Dual tbuf 114
64 4 Dual lut4 114
64 8 Single tbuf 64 119
64 8 Single lut4 44 147
64 8 Dual tbuf 105
64 8 Dual lut4 105
64 12 Single tbuf 96 112
64 12 Single lut4 66 140
64 12 Dual tbuf 93
64 12 Dual lut4 102
64 16 Single tbuf 128 109
64 16 Single lut4 88 128
64 16 Dual tbuf 85
64 16 Dual lut4 95
64 20 Single tbuf 160 106
64 20 Single lut4 110 130
64 20 Dual tbuf 77
64 20 Dual lut4 99
64 24 Single tbuf 192 102
64 24 Single lut4 132 125
64 24 Dual tbuf 76
64 24 Dual lut4 87
64 28 Single tbuf 224 106
64 28 Single lut4 154 131
64 28 Dual tbuf 77
64 28 Dual lut4 88
64 32 Single tbuf 256 108
64 32 Single lut4 176 129
64 32 Dual tbuf 87
64 32 Dual lut4 70
64 36 Single tbuf 288 102
64 36 Single lut4 198 116
64 36 Dual tbuf 70
64 36 Dual lut4 82
64 40 Single tbuf 320 101
64 40 Single lut4 220 120
64 40 Dual tbuf 74
64 40 Dual lut4 82
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Depth Width Port Type Mux Type Slice Count Virtex  -6 MHz
96 4 Single tbuf 60 114
96 4 Single lut4 40 134
96 4 Dual tbuf 101
96 4 Dual lut4 104
96 8 Single tbuf 120 112
96 8 Single lut4 80 129
96 8 Dual tbuf 96
96 8 Dual lut4 90
96 12 Single tbuf 180 109
96 12 Single lut4 120 118
96 12 Dual tbuf 83
96 12 Dual lut4 83
96 16 Single tbuf 240 99
96 16 Single lut4 160 123
96 16 Dual tbuf 67
96 16 Dual lut4 89
96 20 Single tbuf 300 91
96 20 Single lut4 200 123
96 20 Dual tbuf 86
96 20 Dual lut4 88
96 24 Single tbuf 360 96
96 24 Single lut4 240 112
96 24 Dual tbuf 84
96 24 Dual lut4 83
96 28 Single tbuf 420 99
96 28 Single lut4 280 116
96 28 Dual tbuf 87
96 28 Dual lut4 57
96 32 Single tbuf 480 96
96 32 Single lut4 320 96
96 32 Dual tbuf 68
96 32 Dual lut4 73
96 36 Single tbuf 540 95
96 36 Single lut4 360 109
96 36 Dual tbuf 66
96 36 Dual lut4 78
96 40 Single tbuf 600 96
96 40 Single lut4 400 108
96 40 Dual tbuf 67
96 40 Dual lut4 78
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Depth Width Port Type Mux  Type Slice Count Virtex  -6 MHz
128 4 Single tbuf 80 122
128 4 Single lut4 52 132
128 4 Dual tbuf 95
128 4 Dual lut4 104
128 8 Single tbuf 160 109
128 8 Single lut4 104 133
128 8 Dual tbuf 90
128 8 Dual lut4 96
128 12 Single tbuf 240 99
128 12 Single lut4 156 120
128 12 Dual tbuf 76
128 12 Dual lut4 83
128 16 Single tbuf 320 97
128 16 Single lut4 208 118
128 16 Dual tbuf 78
128 16 Dual lut4 88
128 20 Single tbuf 400 101
128 20 Single lut4 260 117
128 20 Dual tbuf 76
128 20 Dual lut4 84
128 24 Single tbuf 480 96
128 24 Single lut4 312 111
128 24 Dual tbuf 71
128 24 Dual lut4 79
128 28 Single tbuf 560 89
128 28 Single lut4 364 92
128 28 Dual tbuf 61
128 28 Dual lut4 77
128 32 Single tbuf 640 88
128 32 Single lut4 416 104
128 32 Dual tbuf 78
128 32 Dual lut4 79
128 36 Single tbuf 720 94
128 36 Single lut4 468 109
128 36 Dual tbuf 63
128 36 Dual lut4 79
128 40 Single tbuf 800 93
128 40 Single lut4 520 106
128 40 Dual tbuf
128 40 Dual lut4 80
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Depth Width Port Type Mux  Type Slice Count Virtex  -6 MHz
160 4 Single tbuf 100 107
160 4 Single lut4 66 125
160 4 Dual tbuf 97
160 4 Dual lut4 92
160 8 Single tbuf 200 89
160 8 Single lut4 132 117
160 8 Dual tbuf 87
160 8 Dual lut4 86
160 12 Single tbuf 300 88
160 12 Single lut4 198 115
160 12 Dual tbuf 81
160 12 Dual lut4 68
160 16 Single tbuf 400 98
160 16 Single lut4 264 108
160 16 Dual tbuf 69
160 16 Dual lut4 80
160 20 Single tbuf 500 93
160 20 Single lut4 330 110
160 20 Dual tbuf 71
160 20 Dual lut4 77
160 24 Single tbuf 600 90
160 24 Single lut4 396 113
160 24 Dual tbuf 60
160 24 Dual lut4 74
160 28 Single tbuf 700 93
160 28 Single lut4 462 103
160 28 Dual tbuf 75
160 28 Dual lut4 70
160 32 Single tbuf 800 88
160 32 Single lut4 528 101
160 32 Dual tbuf 60
160 32 Dual lut4 75
160 36 Single tbuf 900 92
160 36 Single lut4 594 103
160 36 Dual tbuf 65
160 36 Dual lut4 71
160 40 Single tbuf 1000 87
160 40 Single lut4 660 103
160 40 Dual tbuf 59
160 40 Dual lut4 67
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Depth Width Port Type Mux  Type Slice Count Virtex  -6 MHz
192 4 Single tbuf 120 103
192 4 Single lut4 80 126
192 4 Dual tbuf 88
192 4 Dual lut4 93
192 8 Single tbuf 240 102
192 8 Single lut4 160 124
192 8 Dual tbuf 70
192 8 Dual lut4 77
192 12 Single tbuf 360 99
192 12 Single lut4 240 109
192 12 Dual tbuf 82
192 12 Dual lut4 75
192 16 Single tbuf 480 97
192 16 Single lut4 320 110
192 16 Dual tbuf 65
192 16 Dual lut4 63
192 20 Single tbuf 600 90
192 20 Single lut4 400 104
192 20 Dual tbuf 56
192 20 Dual lut4 73
192 24 Single tbuf 720 92
192 24 Single lut4 480 105
192 24 Dual tbuf 71
192 24 Dual lut4 75
192 28 Single tbuf 840 87
192 28 Single lut4 560 104
192 28 Dual tbuf 72
192 28 Dual lut4 71
192 32 Single tbuf 960 90
192 32 Single lut4 640 101
192 32 Dual tbuf 57
192 32 Dual lut4 71
192 36 Single tbuf 1080 87
192 36 Single lut4 720 97
192 36 Dual tbuf 58
192 36 Dual lut4 72
192 40 Single tbuf 1200 87
192 40 Single lut4 800 95
192 40 Dual tbuf 65
192 40 Dual lut4 68
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Depth Width Port Type Mux  Type Slice Count Virtex  -6 MHz
224 4 Single tbuf 140 113
224 4 Single lut4 94 115
224 4 Dual tbuf 80
224 4 Dual lut4 79
224 8 Single tbuf 280 103
224 8 Single lut4 188 117
224 8 Dual tbuf 61
224 8 Dual lut4 79
224 12 Single tbuf 420 98
224 12 Single lut4 282 114
224 12 Dual tbuf 70
224 12 Dual lut4 72
224 16 Single tbuf 560 94
224 16 Single lut4 376 114
224 16 Dual tbuf 72
224 16 Dual lut4 72
224 20 Single tbuf 700 90
224 20 Single lut4 470 105
224 20 Dual tbuf 70
224 20 Dual lut4 75
224 24 Single tbuf 840 88
224 24 Single lut4 564 101
224 24 Dual tbuf 70
224 24 Dual lut4 71
224 28 Single tbuf 980 86
224 28 Single lut4 658 92
224 28 Dual tbuf 66
224 28 Dual lut4 63
224 32 Single tbuf 1120 88
224 32 Single lut4 752 94
224 32 Dual tbuf 55
224 32 Dual lut4 66
224 36 Single tbuf 1260 86
224 36 Single lut4 846 94
224 36 Dual tbuf 58
224 36 Dual lut4 72
224 40 Single tbuf 1400 86
224 40 Single lut4 940 96
224 40 Dual tbuf 59
224 40 Dual lut4 67

Depth Width Port Type Mux  Type Slice Count Virtex  -6 MHz
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256 4 Single tbuf 160 106
256 4 Single lut4 104 127
256 4 Dual tbuf 91
256 4 Dual lut4 83
256 8 Single tbuf 320 101
256 8 Single lut4 208 115
256 8 Dual tbuf 66
256 8 Dual lut4 82
256 12 Single tbuf 480 95
256 12 Single lut4 312 106
256 12 Dual tbuf 60
256 12 Dual lut4 75
256 16 Single tbuf 640 92
256 16 Single lut4 416 104
256 16 Dual tbuf 69
256 16 Dual lut4 72
256 20 Single tbuf 800 84
256 20 Single lut4 520 99
256 20 Dual tbuf 70
256 20 Dual lut4 72
256 24 Single tbuf 960 86
256 24 Single lut4 624 98
256 24 Dual tbuf 72
256 24 Dual lut4 74
256 28 Single tbuf 1120 89
256 28 Single lut4 728 96
256 28 Dual tbuf 67
256 28 Dual lut4 61
256 32 Single tbuf 1280 88
256 32 Single lut4 832 94
256 32 Dual tbuf 63
256 32 Dual lut4 67
256 36 Single tbuf 1440 84
256 36 Single lut4 936 97
256 36 Dual tbuf 61
256 36 Dual lut4 74
256 40 Single tbuf 1600 84
256 40 Dual tbuf 56
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