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Inferring Microchip RTG4 RAM Blocks

Synopsys® Application Note, April 2021

Microchip RTG4 devices support the RAM1K18 RT and RAM64X18 RT RAM macros. This
application note provides a general description of the Microchip RTG4 RAM block components
and describes how to infer it with the Synplify® Pro synthesis tool.

See the following topics for details:
* RTG4 RAM Blocks, on page 1
* Inferring RTG4 RAM Blocks, on page 3
¢ Controlling Inference With syn_ramstyle Attribute, on page 4
* Read/Write Address Collision Check, on page 6
* RAM Uses BLK Signal to Reduce Power Consumption, on page 7
* Write Byte-Enable Support for RAM, on page 7
* RAMINDEX Property Switch, on page 8
¢ Coding Style Examples, on page 8

e Current Limitations, on page 94

RTG4 RAM Blocks

RTG4 devices support two types of RAM macros:
* RAMI1K18 RT
* RAM64X18 RT

RAM1K18 RT

RAM1K18 RT memory block has the following features:
* 18,432 memory bits with ECC and 24,576 memory bits without ECC.
* Two independent data ports, A and B.

* For dual-port mode, both ports of the memory block have word widths less than or equal to
18 bits.

¢ Infer single-port, simple dual-port, and true dual-port RAMs.
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* For two-port mode, port A is the read-port and port B is the write-port.

¢ Optional pipeline register with a separate enable and synchronous reset at the read-data
port.

* Synchronous read and write operations.

* Does not allow read and write operations on the same location at the same time. It has no
collision prevention and detection.

* Feedthrough write mode is not supported.
* Read-enable control for dual-port and two-port modes.
¢ Allows read from both ports at the same location.

* Raises flags to indicate single-bit-correct and double-bit-detect when ECC is enabled.

RAM64X18_RT

RAM64X18 RT memory block has the following features:
» Two independent read-data ports A and B, and one write-data port C.
« Write operations that are always synchronous.
» For both read-data ports, the address can be set as synchronous or asynchronous.
 Two read-data ports that have output registers for pipeline mode operation.
» Allows read from both ports A and B at the same location.

* Does not allow read and write on the same location at the same time. It has no collision
prevention or detection.

» Allows read from both ports at the same location.

* Raises flags to indicate single-bit-correct and double-bit-detect when ECC is enabled.
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Inferring RTG4 RAM Blocks

The synthesis tool identifies the RAM structure from the RTL and implements RAM1K18 RT or
RAM64X18 RT block.

The RAM block is selected for mapping using the following criteria:

1. For true dual-port synchronous read memory, the synthesis tool maps the RAM1K18 RT
block regardless of its memory size.

2. For simple dual-port, single-port, or three-port synchronous memory:
— If the size of the memory is 4608 bits or more, the software maps to RAM1K18_RT.

— If the size of the memory is more than 12 bits and less than 4608 bits, the software
maps to RAM64X18 RT.

— If the size of memory is less than or equal to 12 bits, the software maps to registers.

3. For simple dual-port, single-port, or three-port asynchronous memory, if the size of the
memory is 12 bits or more, the software maps to RAM64X18 RT. If the size of the memory is
less than 12 bits, the synthesis tool maps to registers.

Note: You can override this default behavior using the syn_ramstyle attribute. See
Controlling Inference With syn_ramstyle Attribute, on page 4.

Pipeline Register Packing

The synthesis tool performs pipeline register packing as described below:

* The tool extracts a pipeline register at the output of the block RAM and packs it in the
RAM1K18 RT block. The RTL view below shows the pipeline register.
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* The pipeline register g1 [7:0] is not packed when the register q [7:0] has
asynchronous/synchronous reset.

* The pipeline register gl [7:0] can have asynchronous reset or synchronous reset or clock
enable.

Controlling Inference With syn _ramstyle Attribute

Use the syn_ramstyle attribute to manually control how the RTG4 RAM blocks are inferred, as
described below. To map to:

¢ RAMI1K18 RT—use syn_ramstyle = "Isram"
* RAM64x18 RT—use syn ramstyle = "uram"
* registers—use syn_ramstyle = "registers"

You can apply the attribute globally, or to a RAM instance or module.

Constraint File Syntax and Example

define_attribute {signal Nane[ bi t Range]} syn_ranstyle {string}
define_gl obal _attribute syn ranstyle {string}

When editing a constraint file to apply the syn_ramstyle attribute, ensure to include the range of
the signal with the signal name. For example:

define_attribute {meml[7:0]} syn_ranstyle {registers};
define_attribute {men2[7:0]} syn_ranstyle {l srant;
define attribute {nenB[7:0]} syn ranstyle {urant;

Verilog Syntax and Example
object /* synthesis syn ranstyle = "string" */
where object is a register definition signal. The data type is string. Here is an example:

nodul e ramd (datai n, dataout, cl k); output [31:0] dataout;

i nput cl k;

i nput [31:0] datain;

reg [7:0] dataout[31:0] /* synthesis syn_ranstyle="uram */;
/] Qher code
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VHDL Syntax and Example

attribute syn ranstyle of object : objectType is "string" ;

where object is a signal that defines a RAM or a label for a component instance. Data type is
string.

Note

library ieee;
use ieee.std_| ogic_1164.all;
l'ibrary synplify;

entity ramt is
port (d: in std |ogic vector(7 dowto 0);

addr : in std |logic vector(2 downto 0);

we : in std_|ogic;

clk : in std_logic;

ramout : out std_|ogic_vector(7 downto 0) );
end rami;

architecture rtl of ramt is

type nemtype is array (127 downto 0) of std | ogic_vector
(7 downto 0);

signal mem: nmemtype;

- memis the signal that defines the RAM

attribute syn ranstyle : string;
attribute syn ranstyle of mem: signal is "lsrant;
-- G her code

the following:

If your RTL code includes a true dual-port synchronous read memory, then you cannot use
syn_ramstyle = "uram" to infer RAM64X18_RT, since true dual-port mode is not supported. The
synthesis software ignores this attribute and infers RAM1K18 RT.

If your RTL code includes asynchronous memory, then you cannot use syn_ramstyle = "Isram"
to infer RAM1K18_RT, since asynchronous memory is not supported. The synthesis
software ignores this attribute and infers RAM64X18_RT.

When you do not want to use RAM resources, apply the value of registers to the syn_ramstyle
attribute on the RAM instance name or signal driven by the RAM.

The syn_ramstyle attribute supports the values of no_rw_check and rw_check. By default,
the synthesis tool does not generate glue logic for read/write address collision. Use
syn_ramstyle="rw_check" to insert glue logic for read write address collision. Use
syn_ramstyle="no_rw_check" to prevent glue logic insertion. See Read/Write Address Colli-
sion Check, on page 66.
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Read/Write Address Collision Check

The synthesis software does not perform read/write address collision check when RAM is
inferred. The tool does not insert glue logic around RAM to prevent the read/write address
collision during write operation.

If read and write to the same address occurs simultaneously in your design, use
syn_ramstyle="rw_check" or enable the Read Write Check on RAM option on the Implementation Options
Device panel, to perform read/write address collision check. The tool then inserts glue logic
around the RAM to prevent read/write address collision during the write operation, while
retaining the RTL behavior.

The different modes include:

* Write-first mode—write operations precede read when a collision occurs. Data is first
written into memory and then the same data is read. Since RTG4 doesn't support write-first
mode for RAM, any RAM with write-first mode in RTL is mapped using no-change mode of
RAM1K18_RT.

* Read-first mode—since RTG4 doesn't support read-first mode, any RAM with read-first
mode is implemented using the no-change mode of RAM1K18 RT with the Read Write option
set to OFF.

* No change mode—output of the RAM does not change when a collision occurs.

Note the following, if the Read Write Check on RAM option is enabled:

* Since RTG4 RAM1K18_RT architecture does not support read-before-write mode, any RAM
with read-first mode is mapped to URAM or registers for Single Port RAMSs.

* When a single-port RAM with write-first mode is mapped to RAM1K18 RT in no-change
mode, write-through glue logic is created around the RAM.

* For no-change mode, no glue logic is created because the RAM output does not change
when a collision occurs.

* For simple dual-port and true dual-port RAM in write-first mode, glue logic is created and
RAM is inferred in no-change mode. Glue logic is also created for single-port RAM when it
is mapped to RAM64K18_RT.

¢ If read/write check creates glue logic, then the pipeline register cannot be packed into the
block RAM.
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RAM Uses BLK Signal to Reduce Power
Consumption

By default, the tool fractures wide RAMs by splitting the data width to improve timing.

From Synplify® Pro 2014.09M-SP2 onwards, the tool is enhanced to use the BLK pin of the RAM
for reducing power consumption by fracturing wide RAMs on the address width.

To enable this feature, set global option low_power_ram_decomp 1 in the project file (*.prj). The tool
uses this option to fracture wide RAMSs on the address width to infer RAM in low power mode.

The tool uses the BLK pin to select a RAM for a particular address and OR gates at the output
to select the output from RAM blocks.

The control of individual RAM inference to turn on or turn off low power mode is supported
through the synthesis attribute syn_ramstyle.

Add syn_ramstyle = "low_power" to turn on low power inference if the global option is set to off.
Add syn_ramstyle = "no_low_power" to turn off low power inference if the global option is on.

Write Byte-Enable Support for RAM

In case of RAM with n write enables to control writing of data into memory locations, the
Synplify Pro compiler creates n sub-instances of RAMs with different write enables. The Synplify
Pro mapper merges these multiple RAM blocks into single or multiple block RAMs, depending
on the threshold and number of write-enables.

The write byte-enable (A_ WEN/B_WEN [1:0]) pin of block RAM primitives is configured to control
the write operation in block RAMSs.
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RAMINDEX Property Switch

To disable generation of the RAMINDEX property in RAM1K18 RT and RAM64X18 RT RAM
blocks, add the di sabl e_r ani ndex switch to the project file (prj):

Usage (disable RAM NDEX): set _option -disable ramndex 1

Coding Style Examples

Here are examples of inferring RAM1K18_RT and RAM64X18_RT RAM blocks.
¢ Example 1: Single-Port RAM — RAM1K18_RT (Write-First Mode), on page 11
¢ Example 2: Single-Port RAM — RAM64X18 RT (Write-First Mode), on page 12

* Example 3: Single-Port RAM with Pipeline Register - RAM1K18 RT (Write-First Mode),
on page 13

¢ Example 4: Single-Port RAM with Pipeline Register - RAM64X18_RT (Write-First
Mode), on page 14

¢ Example 5: Simple Dual-Port RAM — RAM1K18 RT (Write-First Mode), on page 16
¢ Example 6: Simple Dual-Port RAM — RAM64X18_RT (Write-First Mode), on page 17

e Example 7: Simple Dual-Port RAM with Pipeline Register - RAM1K18_ RT (Write-First
Mode), on page 18

¢ Example 8: Simple Dual-Port RAM with Pipeline Register - RAM64X18 RT (Write-First
Mode), on page 20

* Example 9: True Dual-Port RAM (Single Clock), on page 21
¢ Example 10: True Dual-Port RAM (Multiple Clocks), on page 23
¢ Example 11: True Dual-Port RAM with Pipeline Register, on page 25

e Example 12: Single-Port RAM (Asynchronous Read) RAM64X18_RT (Read-First Mode),
on page 26

¢ Example 13: Simple Dual-Port RAM (Asynchronous Read) RAM64X18_RT (Read- First
Mode), on page 27

¢ Example 14: Single-Port RAM (Asynchronous Read) with Pipeline Register
RAM64X18 RT (Read-First mode), on page 28

¢ Example 15: Simple Dual-Port RAM (Asynchronous Read) and Pipeline Register with
Clock Enable RAM64X18_RT (No Change Mode), on page 30

¢ Example 16: Single-Port RAM RAM1K18_RT (No Change Mode), on page 32

e Example 17: Single-Port RAM with One Pipelined Register on the Read Port (Sync-
Sync) (No Change Mode), on page 34
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e Example 18: Single-Port RAM with One Pipelined Register on the Read Port (Sync-
Sync), on page 35

¢ Example 19: Single-Port RAM with One Pipelined Register on the Read Port (sync-
sync), on page 36

¢ Example 20: Single-Port RAM with Synchronous Read Without Pipeline Register
(Sync-Async) (No Change Mode), on page 38

¢ Example 21: Simple Dual-Port RAM with Output Register, on page 40
¢ Example 22: Single-Port RAM with Output Registers (VHDL), on page 41
¢ Example 23: Single-Port RAM with Asynchronous Read (VHDL), on page 42

¢ Example 24: Simple Dual-Port RAM with Output Register and Read Address Register
(VHDL), on page 43

¢ Example 25: True Dual-Port RAM with Read Address Register (VHDL), on page 45

¢ Example 26: Simple Dual-Port (Two-Port) RAM with Read Address Register (512 x 36
Configurations), on page 47

e Example 27: True Dual-Port RAM with Output Registered, Pipelined, and Non-
pipelined Version (VHDL), on page 48

¢ Example 28: Simple Dual-Port (Two-Port) RAM with Asynchronous Reset for Pipeline
Register, on page 53

e Example 29: Single-Port RAM with Synchronous Reset for Pipeline Register
(RAM64x18 RT), on page 54

¢ Example 30: True Dual-Port RAM with Asynchronous Reset for Pipeline Register
(RAM1K18 RT), on page 56

¢ Example 31: Single-Port RAM with Synchronous Reset for Pipeline Register
(RAM64x18 RT) (syn_ramstyle=rw_check), on page 58

¢ Example 32: Simple Dual-Port RAM with Output Register Using syn_ram-
style="rw_check", on page 59

¢ Example 33: Three-Port RAM with Synchronous Read, on page 60

¢ Example 34: Three-Port RAM with Asynchronous Read, on page 61

¢ Example 35: Three-Port RAM with Read Address and Pipeline Register, on page 63

¢ Example 36: Simple Dual-Port RAM with Enable on Output Register, on page 65

¢ Example 37: Single-Port RAM with Asynchronous Reset (RAM64x18 RT), on page 66
¢ Example 38: Simple Dual-Port RAM64x18_RT in Low Power Mode, on page 69

¢ Example 39: Simple Dual-Port RAM1K18 RT in Low Power Mode, on page 72

¢ Example 40: Simple Dual-Port RTG4 RAM with x1 Configuration, on page 74

e Example 41: Single-Port RTG4 RAM (VHDL), on page 75

e Example 42: RTL Coding Style for 1Kx16 Single-Port RAM with 2 Write Byte-Enables,
on page 78
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¢ Example 43: RTL Coding Style for 1Kx10 Single-Port RAM with Write Byte-Enables, on
page 80

e Example 44: RTL Coding Style for 1Kx8 Simple Dual-Port RAM with Write Byte-
Enables, on page 81

¢ Example 45: RTL Coding Style for 3-Port RAM with Write Byte-Enable, on page 83
¢ Example 46: RTL Coding Style for Two-Port RAM with Write Byte-Enable, on page 86

* Example 47: VHDL RTL Coding Style for Two-Port RAM with Write Byte-Enables, on
page 88

¢ Example 48: Single Port RAM with syn_ramstyle = "low_power" and Global Power
Option is Off, on page 90

¢ Example 49: Single Port RAM with syn_ramstyle = "no_low_power" and Global Power
Option is On, on page 92
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Example 1: Single-Port RAM — RAM1K18 RT (Write-First Mode)

The following design is a single-port RAM with synchronous read and write operation. The same
address is used for read and write operations in the write-first mode.

nodul e ram si ngl eport _addreg (cl k, w, addr, di n, dout) ;
i nput clk;

input [17:0] din;

i nput wr;

input [9:0] addr;

output [17:0] dout;

reg [9:0] addr_reg;
reg [17:0] nem[0:1023] ;
assign dout = nenfaddr_reg]; always@posedge cl k)

begi n
addr _reg <= addr;
if(w)
nenj addr] <= di n;
end
endnodul e
[F ram1
BAGTI 0] e DID0]  pe—— b RADOR[S:0}
’ ﬁ—-:r-—;ucj —
e b, 4 ADDR[E DouTHT:8) -ﬂ"ufmmh:—-
W == -=—1 WE
dn[170] e +—{ cK
mem[17:0]

Since Libero does not support RAM in write-first mode, the synthesis tool infers RTG4
RAM1K18_RT in no-change mode. In this case, RTL is written to infer RAM in write-first mode,
but the tool infers RAM in no-change mode. By default, the Automatic Read/Write Check insertion for
RAM is OFF and address collision detection logic is not implemented, so there could be a
simulation mismatch.

If there is a simulation mismatch, you can turn ON the Automatic Read/Write Check insertion for RAM
Ul option under Implementation Options or you can apply the attribute syn_ramstyle="rw_check" on
the RAM instance and the tool will add address collision detection logic.
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Resource Usage Report for ram_singleport_addreg
This section of the log file (.srr) shows resource usage details.

Mapping to part; rt4g150cg1657-1
Block Rams (RAM1K18_RT): 1

Sequential Cells;
SLE Ouses

Example 2: Single-Port RAM — RAM64X18 RT (Write-First Mode)

The following design is a single-port RAM with synchronous read and write operation. The same
address is used for read and write operation in the write-first mode.

nodul e ram si ngl eport _addreg (cl k, w, addr, di n, dout) ;

i nput clk;

i nput [17:0] din;
i nput wr;

i nput [5:0] addr;

output [17:0] dout;

reg [5:0] addr _reg;
reg [17: 0] mem|[O0: 64] ;

assi gn dout = nenfaddr_reg];
al ways@ posedge cl k)

begi n
addr_reg <= addr;
if(w)
menf addr ] <= di n;
end
endrodul e
T ram
] 1909 .- fRADOR|Y0]
‘ addr_reg[8:0] [ e o
(kI8 | — DOoUTNIT.0) mf"
| [T | wEw
dr|13a| = ] CLK
mem([17:0]

The tool infers RTG4 RAM64X18 RT.
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Resource Usage Report for ram_singleport_addreg

Mapping to part: rt4g150cg1657-1

Cell usage:
CLKINT luse
RAM64x18 RT 1luse

Sequential Cells:
SLE Ouses
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Example 3: Single-Port RAM with Pipeline Register - RAM1K18 RT
(Write-First Mode)

The following design is a single-port RAM with one pipeline register on the read port in the write-
first mode.

[(F =t . ram1
[T =re o0 00— 00
e s i
addr_reg(9:0] —— ~
I-I'-]—u WADDRE ] Dy
= m—a—t WE [ili]
— e =S
msm[?.l’.‘l]

nodul e ram si ngl eport_pi pereg (cl k, we, addr, d, q) ;

input [7:0] d;
input [9:0] addr;
i nput clk, we;

reg [9:0] addr_reg;
output reg [7:0] q;

reg [7:0] mem[1023:0] ;

al ways @ posedge cl k) begi n
addr _reg <= addr;

i f(we)

menj addr] <= d;

end

al ways @(posedge clk )

begi n

gq <= menj addr_req];

end

endnodul e
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Since RTG4 does not support write-first mode for RAM1K18 RT, the synthesis tool infers
RAM1K18_RT in no-change mode. In this case, RTL is written to infer RAM in write-first mode,
but the tool infers RAM in no-change mode. By default, the Automatic Read/Write Check insertion for
RAM option is OFF so address collision detection logic is not implemented, due to which there
could be a simulation mismatch.

In case of simulation mismatch, you can turn ON the Automatic Read/Write Check insertion for RAM Ul
option under Implementation Options or you can apply the attribute syn_ramstyle="rw_check" on the
RAM instance and the tool will add address collision detection logic.

Resource Usage Report for ram_singleport_pipereg

Mapping to part; rt4g150cg1657-1
Cell usage:

CLKINT luse
RAM1K18 RT  1luse

Sequential Cells:
SLE 0 uses

Example 4: Single-Port RAM with Pipeline Register -RAM64X18 RT
(Write-First Mode)

The following design is a single-port RAM with one pipeline register on the read port in
the write-first mode.

nmodul e ram si ngl eport_pi pereg(cl k, we, addr, d, q);

input [7:0] d;

i nput [5:0] addr;

i nput clk, we;

reg [5:0] addr _reg;
output reg [7:0] q;
reg [7:0] mem[63:0] ;

al ways @posedge cl k) begin
addr_reg <= addr;

i f(we)

nenf addr] <= d;

end

al ways @(posedge clk )
begi n

g <= nenjaddr_reg];

end

endnodul e
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Resource Usage Report for ram_singleport_pipereg
Mapping to part: rt4g150cg1657-1

Cell usage:
CLKINT luse

RAM64x18_RT luse

Sequential Cells:
SLE 0 uses
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Example 5: Simple Dual-Port RAM —RAM1K18 RT (Write-First Mode)

The following design is a simple dual-port (two port) RAM with synchronous read/write
operation. Different read and write address are used in the write-first mode.

nodul e ram 2port _raddreg(clk, w, raddr, din, waddr, dout);

i nput cl k;
i nput [31:0] din;
i nput wr;
i nput [9:0] waddr, raddr;
out put [31:0] dout;
reg [9:0] raddr_reg;
reg [31:0] nem[0:1023];
assi gn dout = nmenfraddr_reg];
al ways@ ( posedge cl k)
begi n

raddr_reg <= raddr;

if (w)
menfwaddr] <= din

end
endrodul e

k,‘

ram-1

|
¥

ofon] Qoo .~ RADDIRE D]

- DATAL1:0] 3
raddr_reg[2:0] P S "‘."ﬂ'—]‘u'f"’_f!‘_l:"_‘._?l:'-?-"

=4 \ADDIRISD)

wWr WE[D]
waddr[9.0] = T 1 CLK

T —

mem[31:0]

Since RTG4 does not support write-first mode for RAM1K18_RT, the synthesis tool infers
RAM1K18_RT in no-change mode. In this case, RTL is written to infer RAM in write-first mode,
but the tool infers RAM in no-change mode. By default, the Automatic Read/Write Check insertion for
RAM option is OFF so address collision detection logic is not implemented, due to which there
could be a simulation mismatch.

In case of simulation mismatch, you can turn ON the Automatic Read/Write Check insertion for RAM Ul
option under Implementation Options or you can apply the attribute syn_ramstyle="rw_check" on the
RAM instance and the tool will add address collision detection logic.
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Resource Usage Report for ram_2port_raddreg

Mapping to part: rt4g150cg1657-1
Cell usage:
CLKINT
RAM1K18 RT

1 use
2 uses

Sequential Cells:

SLE Ouses
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Example 6: Simple Dual-Port RAM — RAM64X18_RT (Write-First
Mode)

The following design is a simple dual-port (two port) RAM with synchronous read/write
operation. Different read and write addresses are used in the write-first mode.

gin[17.0]

nmodul e ram 2port _raddreg(cl k, w,

i nput clk;

input [17:0] din;

i nput wr;

i nput [5:0] waddr, raddr;

output [17:0] dout;

reg [5:0] raddr_reg;
reg [17:0] nem|[0:63];

assign dout = nmenjraddr_req];
al ways@ posedge cl k)

raddr, din, waddr, dout);

begi n
raddr_reg <= raddr;
if(w)
nenj waddr ] <= di n;
end
endnodul e
chk = L= ram1
- - — D[S0 o5 0] -—m—‘s—nl— RADDRS 0]
17
raddr_reg[5:0] =t 0aw170]
] 115005 0] O
w =R = WE[l)
wadd]50] = =T +—] cx
AZEY
mem[17:0]

.—*ﬁﬂm::}

The tool infers RTG4 RAM64X18 RT.
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Resource Usage Summary for ram_2port_raddreg
Mapping to part: rt4g150cg1657-1

Cell usage:
CLKINT luse
RAM64x18 RT 1luse

Sequential Cells:
SLE Ouses

Example 7: Simple Dual-Port RAM with Pipeline Register —
RAM1K18 RT (Write-First Mode)

The following design is a simple dual-port (two port) RAM with synchronous read/write
operation with pipeline register in write-first mode.

nmodul e ram 2port_pi pe(cl k, w, raddr, di n, waddr, dout 1) ;

i nput cl k;

i nput [17:0] din;

i nput wr;

i nput [9:0] waddr, raddr;

output [17:0] doutl ;
reg [9:0] raddr_reg;
reg [17:0] mem[0:1023];
reg [17: 0] dout, dout1;

al ways@ posedge cl k)
begi n
raddr_reg <= raddr;
dout <= menfraddr_req];
if(w)
menj waddr | <= din;

end

al ways @ posedge cl k)
begi n

dout 1 <= dout;
end

endnodul e
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Since RTG4 does not support write-first mode for RAM1K18_ RT, the synthesis tool infers
RAM1K18 RT in no-change mode. In this case, RTL is written to infer RAM in write-first mode,
but the tool infers RAM in no-change mode. By default, the Automatic Read/Write Check insertion for
RAM option is OFF so address collision detection logic is not implemented, due to which there
could be a simulation mismatch.

In case of simulation mismatch, you can turn ON the Automatic Read/Write Check insertion for RAM Ul
option under Implementation Options or you can apply the attribute syn_ramstyle="rw_check" on the
RAM instance and the tool will add address collision detection logic.

Note: The output pipeline register doutl is not packed into the RAM. Only register dout is
packed in the RAM.

Resource Usage Report for ram_2port_pipe
Mapping to part: rt4g150cg1657-1

Cell usage:
CLKINT luse
RAM1K18 RT 1use

Sequential Cells:
SLE 18 uses

Synopsys Confidential Information © 2020 Synopsys, Inc. All rights reserved.
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Example 8: Simple Dual-Port RAM with Pipeline Register —
RAM64X18 RT (Write-First Mode)

The following design is a simple dual-port (two port) RAM with synchronous read and write
operation with pipeline register in write-first mode.

nodul e ram 2port _pi pe(cl k, w, raddr, di n, waddr, dout, rst);

i nput clk;

i nput [17:0] din;

i nput wr, rst;

i nput [5:0] waddr, raddr;

output [17:0] dout;

reg [5:0] raddr_reg;
reg [17:0] nem[0: 63];

reg [17: 0] dout?2, dout;
wire [17:0] dout1;

assign doutl = nenjraddr_req];

al ways@ posedge cl k)
begi n
raddr_reg <= raddr;
dout 2 <= dout 1;
if(w)
nmenf waddr] <= din;

end

al ways @ posedge cl k or negedge rst)
begi n
if (~rst)
dout <= 8' bO;
el se
dout <= dout?2
end
endnodul e

- Y ram1
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o — ”—Fh-:-rs: g .-“.—u&- Rl DR 5
a reals Ol L g St
radar_reg{S.0] T P Deurpre) -—he-—E:—'W's: cpre —p 0OTE|  GTE]
- I [ — |

wEfr]
o

- - e J
T dout] 17.0]
mem{ 17.0]

.-."“-
1~

svbl_EF\ douts

b

The tool infers RTG4 RAM64X18_RT.
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Note: The output pipeline register dout is not packed in the RAM.

Resource Usage Summary for ram_2port_pipe

Mapping to part: rt4g150cg1657-1
Cell usage:

CLKINT 2 uses

RAM64x18 RT 1use

Sequential Cells:
SLE 18 uses

Example 9: True Dual-Port RAM (Single Clock)

The following design is a true dual-port RAM with two read and write ports and one clock.
nodul e ram dport _reg(dat a0, dat al, waddr 0, waddr1, weO, wel, cl k, q);

paraneter d_ width = 8;
paraneter addr_width = 8;
paranet er nem depth = 256;

input [d width-1:0] dataO, datal;
i nput [addr_wi dth-1:0] waddrO, waddr1;
i nput weO, wel, clk;

output [d_width-1:0] q;

reg [d_width-1:0] nmem [ nmem depth-1:0];
reg [addr_width-1:0] reg _waddrO, reg waddrl;

wire [d width-1:0] g0, qi;
assign q = q0 | qi;

assign g0
assign gl

meni r eg_waddr 0] ;
meni r eg_waddr 1] ;

al ways @ posedge cl k)

begi n

if (we0)

menj waddr 0] <= dat a0;
if (wel)

menj waddr 1] <= dat al;

reg_waddrO <= waddr0;
reg_waddrl <= waddr 1;

end
endnodul e
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The tool infers RTG4 RAM1K18 RT.

Resource Usage Summary for ram_dport_reg
Mapping to part: rt4g150cg1657-1

Cell usage:

CLKINT 1 use
RAM1K18 RT 1 use
CFG2 8 uses
CFG3 1 use

CFG4 5 uses

Sequential Cells:
SLE 0 uses

Synopsys Confidential Information © 2020 Synopsys, Inc. All rights reserved.



23
Inferring Microchip RTG4 RAM Blocks

Example 10: True Dual-Port RAM (Multiple Clocks)

The following design is a true dual-port RAM with two read and writes ports and two clocks.
nodul e test (clka, cl kb, wea, addr a, dat ai na, ga, web, addr b, dat ai nb, gb) ;

10;
18;

i nput cl ka, cl kb, wea, web;

paramet er addr_wi dth
paraneter data wdth

input [data_width - 1 : 0] dataina, datai nb;
input [addr_width - 1 : 0] addra, addrb;

output reg [data width - 1 : 0] qga, gb;

reg [addr width - 1 : 0] addra_reg, addrb reg;
reg [data width - 1 : 0] mem[(2**addr_width) - 1 : 0] ;

al ways @ (posedge cl ka)

begi n

addra_reg <= addra;

i f(wea)

nmenj addra] <= dat ai na;
end
al ways @ (posedge cl kb)
begi n

addrb_reg <= addrb;

i f(web)

nmenj addr b] <= dat ai nb;
end
al ways @ (posedge cl ka)
begi n

i f(~wea)

ga <= nenj addra_req];
el se ga <= datai na;
end

al ways @ (posedge cl kb)
begi n

i f (~web)

gb <= nmenjaddrb_req];

el se gb <= datai nb;
end

endnodul e
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The tool infers RTG4 RAM1K18 RT with output registers ga and gb inferred outside the RAM
using SLE's.

Resource Usage Summary for test
Mapping to part: rt4g150cg1657-1
Cell usage:
CLKINT  2use

RAM1K18 RT 1 use
CFG3 36uses

Sequential Cells:
SLE 36 uses
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Example 11: True Dual-Port RAM with Pipeline Register

The following design is a true dual-port RAM with two read and write ports and one clock with

one pipeline register.

nodul e ram dport _reg(dat a0, dat al, waddr 0, waddr 1, we0, wel, cl k, q0, ql);

paraneter d width = 8;
paraneter addr_width = 8;
par anet er nem depth = 256;

input [d_wi dth-1:0] dataO, datal;

i nput [addr_wi dth-1:0] waddrO, waddr1;

i nput we0, wel, clk;
output [d_wi dth-1:0] qO, qi;

reg [d_width-1:0] mem [ mem dept h-1: 0]
reg_waddr1;

reg [addr_wi dth-1:0] reg_waddrO,
reg [d_width-1:0] q;

reg [d_width-1:0] g0, qi;

al ways @ posedge cl k)
begi n

if (we0)

menj waddr 0] <= dat a0;
if (wel)

menj waddr 1] <= dat al;

reg_waddrO <= waddr0;
reg_waddrl <= waddr 1;

end

al ways @ (posedge cl k)
begi n
g0 <= menjreg_waddr 0] ;
gl <= menjreg_waddr1];
end
endnodul e
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The tool infers RTG4 RAM1K18 RT.

Resource Usage Summary for ram_dport_reg
Mapping to part: rt4g150cg1657-1

Cell usage:
CLKINT 1 use
RAM1K18 RT
CFG3 1 use
CFG4 5 uses

1 use

Sequential Cells:
SLE  Ouses

Example 12: Single-Port RAM (Asynchronous Read) RAM64X18 RT

(Read-First Mode)

The following design is a single-port RAM with asynchronous read in read-first mode.

nodul e test RTL (dout, addr,

paraneter data width = 10;
par aneter address_wi dth = 6;
paraneter ramsize = 64;

out put [data_w dth-1:0] dout;

i nput [data width-1:0] din;

i nput [address_wi dth-1:0] addr;
i nput we, clk;

din, we, clk);
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reg [data w dth-1:0] nmem [ramsize-1:0];

al ways @ posedge cl k) begin
//register the address for read operation
if(we) nenjaddr] <= din;
end

assi gn dout = nenfaddr];

endnodul e
ram1
R RADDR[S:0]
[din[9:0] b=t 0ATAS.0] o
(addrf5:0] o] V/ADDR[S 0] ROURED “ﬂ'ﬂ"%?‘:‘![ﬁ'ﬁ]”
|[we — =— WE[0]
l:lk 8 —_— CLK
mem([9:0]

The tool infers RTG4 RAM64X18_RT.

Resource Usage Summary for test RTL

Mapping to part; rt4g150cg1657-1
Cell usage:
RAM64x18_RT 1 use

Sequential Cells:
SLE 0 uses

Example 13: Simple Dual-Port RAM (Asynchronous Read)
RAM64X18 RT (Read- First Mode)

The following design is a simple dual-port RAM with asynchronous read in read-first mode.
nodul e test RTL (addr, addw, we, clk , data out, data in);

par anmet er ADDR WDTH = 6;
par aneter ADDW W DTH = 6;
par anet er DATA WDTH = 10;
par amet er MEM DEPTH = 64,

i nput [ ADDR W DTH- 1: 0] addr ;

i nput [ ADDW W DTH- 1: 0] addw,

i nput clk, we;

input [ DATA WDTH1 : O]data_in;
out put [ DATA WDTH 1 : O] data_out;

reg [DATA WDTH 1 : 0] menf MEM DEPTH-1 : 0] ;

Synopsys Confidential Information © 2020 Synopsys, Inc. All rights reserved.
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assign data_out = menjaddr];
al ways @ posedge cl k)
begi n
if (we)
nenj addw] <= data in;
end

endnodul e

ram1
[addr{5:0] m—@*— RADDR[S 0]
Gata_in[00] e 0ATA0] SO L
[addw{5:0] H WADDR(S.0] ot 4 LS
we o wE[)
ck ———s—] cix

mem([9:0]

The tool infers RTG4 RAM64X18_RT.

Resource Usage Summary for test RTL
Mapping to part: rt4g150cg1657-1

Cell usage:
RAM64x18_RT 1 use

Sequential Cells:
SLE O uses

Example 14: Single-Port RAM (Asynchronous Read) with Pipeline
Register RAM64X18 RT (Read-First mode)

The following design is a single-port RAM with asynchronous read and pipeline register at its
output in read-first mode.

nmodul e test (dout, addr, din, we, clk);

paraneter data wdth = 10;
par aneter address wi dth = 6;
paraneter ramsize = 64;

output reg [data wi dth-1:0] dout;

i nput [data w dth-1:0] din;

i nput [address_wi dt h-1: 0] addr;

i nput cl k;

i nput we;

wire[data w dth-1:0] dout net;

reg[data width-1:0] mem[ramsize-1:0];
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al ways @ posedge cl k) begin
if (we)
menj addr] <= din;
end
assi gn dout _net = nenjaddr];

al ways @ posedge cl k) begin
dout <= dout net;

end
endnodul e
50 ram1
b 2ADOR]S 0]
|dn190|  — - DATAR.0] u. N e
ST 0]l 11200(50) DOUTIO] (it 0] C(00] el IOUTT 0] -
we WER) n
clk - CLK dULET[B D]
mem([9:0]

The tool infers RTG4 RAM64X18 _RT.

Resource Usage Summary for test

Mapping to part: rt4g150cg1657-1
Cell usage:

CLKINT luse
RAM64x18_RT 1use

Sequential Cells:
SLE O uses
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Example 15: Simple Dual-Port RAM (Asynchronous Read) and
Pipeline Register with Clock Enable RAM64X18 RT (No Change
Mode)

The following design is a simple dual-port RAM with asynchronous read and output pipeline
register with clock enable.

nodul e test RTL (dout, addr, din, we, clk, en, addw);

paraneter data width = 10;
par aneter address wi dth = 6;
paraneter ramsize = 64;

output reg [data w dth-1:0] dout;

i nput [data w dth-1:0] din;

i nput [address_wi dth-1:0] addr, addw

i nput we, clk, en;

reg [data width-1:0] nem[ramsize-1:0];
wire [data_w dth-1:0] dout_reg ;

assign dout _reg = nenjaddr];
al ways @posedge cl k) begin

if (en) begin
if(!we)
nmenf addw] <= din;
end
end

al ways @posedge cl k) begin

if (en) begin
dout <= dout _reg;
end
end
endnodul e
SRS (RTL) View
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The tool infers RTG4 RAM64X18_RT with enable en packing.
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Resource Usage Summary for test RTL
Mapping to part: rt4g150cg1657-1

Cell usage:

CLKINT 1 use
RAM64x18 RT 1 use
CFG2 1 use

Sequential Cells:
SLE 0 uses
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Example 16: Single-Port RAM RAM1K18 RT (No Change Mode)

The following design is a single-port RAM with no change mode.

nodul e test RTL (dout, addr, din, we, clk, en);

paraneter data width = 9;
par amet er address_wi dth = 10;
paraneter ramsize = 1024;

output reg [data w dth-1:0] dout;
i nput [data w dth-1:0] din;
i nput [address_wi dth-1: 0] addr;

i nput we, clk, en;
reg [data width-1:0] nem[ramsize-1:0];

al ways @ posedge cl k)

begi n
if (!'en)
begi n
i f(we)
nmenjaddr] <= din;
el se
dout <= nenjaddr];
end
end
endnodul e
SRS (RTL) View
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The tool infers RTG4 RAM1K18_RT without glue logic for read/write collision check with enable
en packing.

Resource Usage Summary for test RTL
Mapping to part: rt4g150cg1657-1
Cell usage:
CLKINT 1use
RAM1K18_RT  1luse
CFG1 1 use
CFG2 1luse

Sequential Cells:
SLE O uses
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Example 17: Single-Port RAM with One Pipelined Register on the

Read Port (Sync-Sync) (No Change Mode)

The following design is a single-port RAM with one pipeline register on the read port using no

change mode.

nodul e ram si ngl eport _pi pereg(cl k, we, a, d, ql);

input [7:0] d;
input [7:0] a;
i nput clk, we;

reg [7:0] q;

output [7:0] qi;

reg [7:0] qi;

reg [7:0] mem][255:0];

al ways @ posedge cl k)
begi n
i f(we)
menfa] <= d;
el se
q <= nmenjal;
end
al ways @ (posedge cl k)
begi n
gl <= q;
end
endnodul e

rami
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The tool infers RTG4 RAM64X18_RT. The pipeline register is mapped outside the RAM along
with logic for no change mode with enable en packing.
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Resource Usage Summary for ram_singleport_pipereg
Mapping to part: rt4g150cgl1657-1

Cell usage:

CLKINT 1 use
RAM64x18 RT 2 uses
CFG1 1 use

CFG2 2 use

CFG3 8 uses

Sequential Cells:
SLE9 uses
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Example 18: Single-Port RAM with One Pipelined Register on the

Read Port (Sync-Sync)

The following design is a single-port RAM with one pipeline register on the read port using

write-first mode.

nodul e ram si ngl eport _pi pereg(cl k, we, a, d, ql);

input [7:0] d;
input [7:0] a
i nput clk, we;

reg [7:0] q;
output [7:0] ql;

reg [7:0] qi;
reg [7:0] nem][255:0];

al ways @ posedge cl k)
begi n
if(we)
menfa] <= d;
end
al ways @ (posedge cl k)
begi n
if(we)
q<=d
el se
q <= nenja];
ql <= qg;
end
endrodul e
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The tool infers two RTG4 RAM64X18 RT.

Resource Usage Summary for ram_singleport_pipereg
Mapping to part: rt4g150cg1657-1
Cell usage:
CLKINT 1 use
CFG2 2 uses

CFG3 8 uses
RAM64x18_RT 2 uses

Sequential Cells:
SLE 9 uses

Example 19: Single-Port RAM with One Pipelined Register on the
Read Port (sync-sync)

The following design is a single-port RAM with one pipeline register on the read port.
nmodul e ram si ngl eport _pi pereg(cl k, we, a, d, ql);

input [7:0] d;
input [7:0] a;
i nput clk, we;

reg [7:0] q;
output [7:0] qi;

reg [7:0] qi;
reg [7:0] mem [255:0];

al ways @ posedge cl k)
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begi n
i f(we)
nmenja] <= d;
end
al ways @ (posedge cl k)
begi n
q <= nenfa];
gl <= q;
end
endnodul e

. ram1
e RADDRT &)
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mem[7:0]

The tool infers two RTG4 RAM64X18 RT blocks.

Resource Usage Summary for ram_singleport_pipereg
Mapping to part: rt4g150cg1657-1
Cell usage:
CLKINT 1 use
RAM64x18_RT 2 uses
CFG2 2 uses
CFG3 8 uses

Sequential Cells:
SLE 9 uses
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Example 20: Single-Port RAM with Synchronous Read Without
Pipeline Register (Sync-Async) (No Change Mode)

The following design is a single-port RAM with synchronous read without pipeline register using
no change mode.

nodul e ram si ngl eport _pi pereg(cl k, we, a, d, q);
input [7:0] d;

input [7:0] a;

i nput clk, we;

output [7:0] q;

reg [7:0] q;

reg [7:0] mem][255:0];

al ways @ posedge cl k)

begi n
i f(~we)
menfa] <= d;
el se
q <= nmenfa];
end
endrodul e
yor rami
RADDR[T 0]
Ll — — Bl =1 o
[ — o ADDRIT 0] DT L) o . :'m' QT 0) e[ 7 0] =
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The tool infers two RTG4 RAM64X18_RT along with logic for no change mode with enable en
packing.
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Resource Usage Summary for ram_singleport_pipereg

Mapping to part: rt4g150cg1657-1
Cell usage:

CLKINT 1luse
RAM64x18 RT 2 uses

CFG2  2uses

CFG3  8uses

Sequential Cells;
SLE 1use
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Example 21: Simple Dual-Port RAM with Output Register

The following design is a single-port RAM with output register.
nodul e ram 2port _pi pe(cl k, w, raddr, di n, waddr, dout ) ;

i nput cl k;

input [17:0] din;

i nput wr;

i nput [9:0] waddr, raddr;

output [17:0] dout;

reg [9:0] raddr_reg;
reg [17:0] mem[0:1023];
reg [17:0] dout;

al ways@ posedge cl k)
begi n
raddr_reg <= raddr;
dout <= nenjraddr_req];
if(w)
nenf waddr] <= di n;

end
endnodul e

- ram1
G5 0] St 15005 (]
e 170 SR
raddr_reg([9:0] o ooy P prgt U --. 2ty
B WiDRIEE DouTYFR e [T QTR T =
i ] wEm .
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The tool infers RTG4 RAM1K18_RT.

Resource Usage Summary for ram_2port_pipe

Mapping to part: rt4g150cg1657-1
Cell usage:

CLKINT 1 use
RAM1K18 RT  1luse

Sequential Cells:
SLE 0 uses
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Example 22: Single-Port RAM with Output Registers (VHDL)

The following design is a single-port RAM with output registers.

library ieee;
use ieee.std_|logic_1164.all;

use ieee.std_logic_unsigned.all; entity ramsingleport_outreg is
port (d: in std_logic_vector(7 downto O);

a: in integer range 127 downto O;
we: in std_|ogic;
clk: in std_|ogic;

g: out std logic vector(7 dowto 0) );

end ram si ngl eport_outreg;

architecture rtl of ramsingleport_outreg is
type memtype is array (127 downto 0) of

std | ogic_vector (7 downto 0);
signal nmem nemtype;

begi n
process(cl k)
begi n
if (clk'event and clk="1") then
q <= nen(a);
if (we="1") then
nen{a) <= d;
end
if;, end if;

end process; end rtl;

ram1
- RADDR[E0)
d[7:0] — ] 14747 0]
aj6:0] —— — 0 WADDRE 0] DoUT[?.0
we —————a—1 WED]
clk = CLK
mem([/:0]

>

70 —

D[7.0] Qo] o [7:0] =

The tool infers RTG4 RAM64X18 _RT.
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Resource Usage Summary for ram_singleport_outreg

Mapping to part: rt4g150cg1657-1
Cell usage:

CLKINT 1luse
RAM64x18_RT 1luse

Sequential Cells;
SLE 0 uses

Example 23: Single-Port RAM with Asynchronous Read (VHDL)

The following design is a single-port RAM with asynchronous read.

library ieee;
use ieee.std logic 1164. all
use ieee.std_| ogi c_unsigned. al | ;
entity ramsingl eport_noreg is
port (d : in std_logic_vector(7 downto 0);
a: instd logic vector(6 dowto 0);
we : in std_|logic;
clk : in std |ogic;
g : out std |ogic vector(7 downto 0) );
end ram si ngl eport_noreg

architecture rtl of ramsingleport_noreg is

type memtype is array (127 downto 0) of
std_logic_vector (7 downto 0);

signal mem nemtype

begi n process

(cl k)
begi n
if rising_edge(clk) then
if (we ="'"1") then
nen{conv_integer (a)) <= d;
end if;
end if;

end process;
g <= nmen{conv_integer (a));
end rtl;
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ram1
RADDRI[6:0]
DATA[7:0] . _-
WADDR([6:0] i L m—Lm —
WE(0]
CLK
mem[7:0]

The tool infers RTG4 RAM64X18_RT.

Resource Usage Summary for ram_singleport_noreg
Mapping to part; rt4g150cg1657-1

Cell usage:
RAM64x18_RT 1luse

Sequential Cells;
SLE 0 uses

Example 24: Simple Dual-Port RAM with Output Register and Read
Address Register (VHDL)

The following design is a simple dual-port RAM with output and read address registers.

library ieee;
use ieee.std | ogic 1164.all;
use ieee.std | ogic_unsigned.all;

entity ramsinpl edual port_outreg is
port (d: in std_logic_vector(7 downto O);
addr: in integer range 1023 downto O;
addw. in integer range 1023 downto O;
we: in std_|ogic;
clk: in std_logic;
g: out std logic vector(7 downto 0) );
end ram si npl edual port_outreg;
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architecture rtl of ramsinpl edual port_outreg is
type memtype is array (1023 downto 0) of std logic_vector (7 downto 0);

signal mem nemtype;

signal a_reg : integer range 1023 downto O;

begi n

process (cl k)
begi n

if (clk'event and cl k="1'

a_reg <= addr;
end if;
end process;

process(cl k)
begi n

) then

if (clk'event and clk="1") then

g <= nmen{a_reqg);

if (we="1") then
nmen{addw) <=

end if;
end if;
end process;
end rtl;

d;

The tool infers RTG4 RAM1K18 RT.

ram
HApORES)

DL 0

WADO R 0

mem[7:0]

L >
l—i__ll_-_;.i—‘;::r: Qfrey o

o s ]

q[7:0]

Resource Usage Summary for ram_simpledualport_outreg

Mapping to part: rt4g150cg1657-1
Cell usage:

CLKINT 1 use

RAM1K18 RT 1 use

Sequential Cells:
SLE O uses
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Example 25: True Dual-Port RAM with Read Address Register
(VHDL)

The following design is a true dual-port RAM with read address register.

library ieee;

use ieee.std_| ogic_1164.all;

use ieee.nuneric_std.all;

entity ramdp reg is

generic (data width : integer := 4;

address width :integer :=5);

port (data a:in std |logic vector(data width-1 downto 0);
data b:in std | ogi c_vector(data wi dth-1 downto 0);
addr_a:in std | ogi c_vector(address_wi dth-1 downto 0);
addr_b:in std_| ogi c_vector(address_w dth-1 downto 0);
wen_a:in std | ogic;

wen_b:in std | ogic;

clk:in std_ | ogic;

g_a:out std |ogic vector(data width-1 downto 0);
g_b:out std |ogic vector(data width-1 downto 0) );
end ramdp_reg;

architecture rtl of ramdp reg is

type memarray is array(0 to 2**(address_w dth) -1) of
std_logic_vector(data width-1 downto 0);

signal nmem: nemarray,;

signal addr_a reg : std_logic_vector(address w dth-1 downto 0);
signal addr_b reg : std_logic_vector(address_w dth-1 downto 0);
begi n
WRI TE_RAM : process (clk)
begi n
if rising_edge(clk) then
if (wen_a ="'1") then
men{t o_i nt eger (unsi gned(addr_a))) <= data_a;
end if;
if (wen_b="1") then
nen{to_i nt eger (unsi gned(addr_b))) <= data_b;
end if;
addr_a reg <= addr_a;
addr _b reg <= addr_b;
end if;
end process WR TE_RAM

g_a <= nmen(to_i nteger(unsigned(addr_a regq)));
gq_b <= men{to_i nteger(unsigned(addr_b reg)));

end rtl;
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The tool infers RTG4 RAM1K18_RT.

Resource Usage Summary for ram_dp_reg

Mapping to part: rt4g150cg1657-1
Cell usage:

CLKINT 1 use

RAM1K18 RT 1use

CFG3 1 use

CFG4 3 uses

Sequential Cells;
SLE 0 uses
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Example 26: Simple Dual-Port (Two-Port) RAM with Read Address
Register (512 x 36 Configurations)

The following design is a simple dual-port RAM with read address register.
nmodul e ram 2port _addreg 512x36( cl k, wr, raddr, di n, waddr, dout ) ;

i nput clk;

input [35:0] din;

i nput w;

input [6:0] waddr, raddr;

out put [35:0] dout;

reg [6:0] raddr_reg;
reg [35:0] nem][O0:511];
wire [35:0] dout;

assign dout = nenjraddr_req];

al ways@ posedge cl k)

begi n
raddr_reg <= raddr;
if(w)
nmenj waddr] <= din;

end
endnodul e

[ b ram
raddr|60] :'_‘;ﬁ—o DE 0] Q0] tl—ﬁ—l RADDRE 0]
- v psoL _
z e DATARIS 0]
raddr_reg[6:0] s DOUTRS 0} "
e ADDIRIED] J
[wr s— WED)
[waddr(6:0] . ] cux
EnG5 0] e
mem[35:0]

The FPGA synthesis tool infers RTG4 RAM1K18 RT.

Resource Usage Report for ram_2port_addreg_512x36
Mapping to part: rt4g150cg1657-1

Cell usage:
CLKINT 1 use
RAM1K18 RT 1 use

Sequential Cells:
SLE O uses
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Example 27: True Dual-Port RAM with Output Registered, Pipelined,
and Non-pipelined Version (VHDL)
The following design is a true dual-port RAM with output registered, pipelined, and non-
pipelined version.

library ieee;

use ieee.std_| ogic_1164. all;

use ieee.std_logic_arith.all;
use ieee.std | ogic_unsigned.all;

entity RAM.i nference_exanples is

generic (data width rinteger := 32;

addr_wi dth cinteger := 10;

dept h cinteger := 1024,

t est case cinteger :=1); --- change to 1,2,3 to use variations in coding

style of Dual port RAM
port (cl k ;in std_|ogic;

reset _n ;in std_|ogic;
ren ;in std_|ogic;
we_n (in std_l ogic;
data in ;in std logic vector(data width-1 downto 0);
dat a_out sout std_logic_vector(data width-1 downto 0);
addr_0 ;in std_|ogic_vector(addr_wi dth-1 downto 0);
addr_1 ;in std_|ogic_vector(addr_wi dth-1 downto 0);
r wen O ;in std_|ogic;
r_wen_1 (in std_l ogic;
data in O :in std logic vector(data width-1 downto 0);
data out_O :out std_|ogic_vector(data width-1 downto 0);
data in 1 : in std logic_vector(data width-1 downto 0);

data out 1 :out std logic vector(data wi dth-1 downto 0)
)
end RAM i nf erence_exanpl es;

architecture DEF ARCH of RAM.inference exanples is
type nemtype is array (depth-1 downto 0) of std |ogic_vector (data w dth-1 downto

0);

signal BRAM store :memtype;

signal int_addr O :integer range O to 4096;
signal int_addr_1 :integer range O to 4096;
signal rd_addr cinteger range 0 to 4096;
signal w _addr sinteger range 0 to 4096;

signal data out _tnp :std_logic_vector(data w dth-1 downto 0);
signal data out Otnp :std_logic_vector(data w dth-1 downto 0);
signal data out _1tnp :std_|logic_vector(data width-1 downto 0);

begi n
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Case 1 - Dual-port without pipelining (registered data_out ports)
case_nunl : if testcase = 1 generate

int_addr 0 <= CONV_I NTEGER( addr _0);
int_addr 1 <= CONV_I NTEGER(addr _1);

process(cl k)

begi n
if rising_edge(clk) then
-- port O
if (r_wen 0 ="0") then
BRAM st ore(i nt _addr_0) <= data_in_O;
el se
data out O <= BRAM store(int_addr_0);
end if;
-- port 1
if (r_wen_1l="0) then
BRAM st ore(int_addr_1) <= data_in_1;
el se
data_out _1 <= BRAM store(int_addr_1);
end if;
end if;

end process;
end generate;

Case 2 - Dual-port with pipelining (registered data_out ports)
case nun? : if testcase = 2 generate

int_addr 0 <= CO\V_| NTEGER(addr_0);
int_addr_1 <= CO\V_| NTEGER(addr_1);

process(cl k)
begi n

if rising_edge(clk) then
-- port O
if (r_wen_0 ="'0") then
BRAM st ore(i nt _addr _0) <= data_in_0O;
el se
data_out Ot np <= BRAM store(int_addr_0);
end if;
-- port 1
if (r_wen_1 ="0") then
BRAM store(int_addr_1) <= data_in_1;
el se
data out _1ltnp <= BRAM store(int_addr_1);

end if;

data out O<= data_out Ot np;
data out 1<= data_out 1t np;
end if;
end process;
end generate;

end def _arch;
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Case 3 - Dual-port with pipelining (registered read address)
case nunB : if testcase = 3 generate

process(cl k)
begi n
if rising_edge(clk) then
-- port 1
if (r_wen 0="0") then
BRAM store(int_addr_0) <= data_in_O;
el se
int_addr_0 <= CONV_I NTEGER(addr_0);
end if;
-- port 1
if (r_wen 1 ="0") then
BRAM store(int_addr_1) <= data_in_1;
el se
int_addr_1 <= CONV_| NTEGER( addr _1);
end if;
data out 0 <= BRAM store(int_addr_0);
data out 1 <= BRAM store(int_addr_1);
end if;
end process;
end generate;

end def arch;

Results of generic testcase set to 1
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The tool infers RTG4 RAM1K18_RT.
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Resource Usage Report for RAM_inference_examples
Mapping to part: rt4g150cg1657-1

Cell usage:

CLKINT 1 use
RAM1K18_RT  2uses
CFG1 1 use
CFG4 7 uses

Sequential Cells;
SLE 0 uses

Results of generic testcase set to 2

[ "BEETY S
[L-.-FEE LS -t
- -
- e | [ — Sata_nt 031 2]
""‘D“‘" j== gty _es_Doemg( 31 9] Rt
[‘,TE';._\::;_ D wd_r_vane @ ant p v 1 — s
= SRR TER . -t n
e - — — —
‘ l
y e merel 1l L
N = W, Sht O )
(LA LR S e, , L el 4 g S -
Er iah_pan T __vetghe_rorl un_r iR YR 0T el )
e ol uel | sadr 3
p— -
- . o - =,
— L
) — —J datn_md_ 1[I0 0§
- . e _gat_ g1 9]
T - i
i T
] s
o —— p
et —

bwm_siore_ 1)W1 01
The tool infers RTG4 RAM1K18_RT.

Resource Usage Report for RAM_inference_examples
Mapping to part: rt4g150cg1657-1

Cell usage:

CLKINT 1luse
RAM1K18_RT 2 uses
CFG1 1 use
CFG4 7 uses

Sequential Cells;
SLE 0 uses
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Results of generic testcase set to 3

i
_;.1;-‘:-

[————

-

The tool infers RTG4 RAM1K18 RT.

Resource Usage Report for RAM_inference_examples
Mapping to part: rt4g150cg1657-1

Cell usage:

CLKINT 1 use
RAM1K18 RT 2 uses
CFG1 1 use
CFG2 1 use
CFG3 1 use
CFG4 6 uses

Sequential Cells:

SLE 20 uses

Synopsys Confidential Information © 2020 Synopsys, Inc. All rights reserved.



53
Inferring Microchip RTG4 RAM Blocks

Example 28: Simple Dual-Port (Two-Port) RAM with Asynchronous
Reset for Pipeline Register

The following design is a simple dual-port RAM1K18 with asynchronous reset for pipeline
register.

nmodul e ram 2port _addreg_ar eset (cl k, w, raddr, di n, waddr, dout, reset);
i nput clk, reset;

input [31:0] din;

i nput w;

input [9:0] waddr, raddr;

out put [31:0] dout;

reg [31:0] dout;

reg [31:0] nem][0:1023];

reg [9:0] raddr_reg;

al ways@posedge cl k or negedge reset)

begi n
if (!reset)
dout <= 0;
el se
dout <= nenfraddr_req];
end
al ways@ posedge cl k )
begi n
if(w)
nenj waddr ] <= din;
raddr_reg <= raddr;
end
endnodul e
SRS (RTL) View

[ -—g ) raml
'-!:hfrﬂh_'_ o — b b = 1 ; MASOEE T

| E———

s R L
= =Ak - - t

raddr_reg{9:0] IS " e TR R R T
C— I l—a—f ax -
pepiil] —= dout[31:0)

mem([31.0]

douté
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SRM (Technology) View
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The tool infers RTG4 RAM1K18_RT with asynchronous reset packing.

Resource Usage Report for ram_2port_addreg_areset
Mapping to part: rt4g150cg1657-1

Cell usage:

CLKINT 1 use
RAM1K18 RT 2 uses
CFG2 0 uses

Sequential Cells: SLE 0 uses

Example 29: Single-Port RAM with Synchronous Reset for Pipeline
Register (RAM64x18 RT)

The following design is a single-port RAM with synchronous reset for pipeline register.

nodul e ramsingl eport_witefirst pipe areset(clk,we, a,d,ql, reset);
input [7:0] d;

input [7:0] a;input clk, we, reset;

reg [7:0] q;

output [7:0] qi;

reg [7:0] qi;

reg [7:0] mem][255:0];

al ways @posedge cl k) begin
i f(we)

menfal <= d;

end
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begi n
i f(we)
q <= d
el se
q <= menja;
end
al ways @ (posedge clk )
begi n
if (reset)
gl <= 0;
el se
ql <= q;
end
endnodul e
- rami
[ L - :4.'—;. - “"‘ J
| a4ro e TR
mem{7.0]
(L —

The tool infers RTG4 RAM64x18_RT.

Resource Usage Report for ram_singleport_writefirst_pipe_areset

Mapping to part: rt4g150cg1657-1

Cell usage:

CLKINT 1 use
RAM64x18_RT 2 uses
CFG2 2 uses
CFG3 8 uses

Sequential Cells:
SLE 9 uses
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Example 30: True Dual-Port RAM with Asynchronous Reset for
Pipeline Register (RAM1K18 RT)

The following design is a true dual-port RAM with asynchronous reset for pipeline register.

nodul e ram dport _addreg_pi pe_ar eset (dat a0, dat al, waddr 0,
waddr 1, we0, wel, cl k, g, reset); parameter d width = 8;
paraneter addr_wi dth = 8;

par anet er mem depth = 256;

input [d_width-1:0] dataO, datal,;

i nput [addr_wi dth-1:0] waddrO, waddr1;

i nput we0, wel, clk,reset;

output [d width-1:0] q;

reg [d width-1:0] mem [nemdepth-1:0];

reg [addr_wi dth-1:0] reg_waddrO, reg waddrl;

reg [d width-1:0] q;

wire [dwdth-1:0] g0, qi;
wire [d width-1:0] g2;

assign g2 = g0 | qi;

assign q0 = nenjreg_waddrO0];
assign gl = nenjreg_waddr1];
al ways @ posedge cl k)

begi n

if (we0)

nenj waddr 0] <= dat a0;

if (wel)

nmen] waddr 1] <= dat al;
reg_waddr0 <= waddrO;
reg_waddrl <= waddrl;
end

al ways @posedge cl k or posedge reset)
begi n

i f(reset)
q <=
0;

el se

q <= g2;

end
endnmodul e
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The tool infers RTG4 RAM1K18_RT.

Resource Usage Report for ram_dport_addreg_pipe_areset
Mapping to part; rt4g150cg1657-1

Cell usage:

CLKINT 1 use
RAM1K18 RT 1luse
CFG1 1 use
CFG2 8 uses
CFG3 1 use
CFG4 5 uses

Sequential Cells:
SLE 8 uses
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Example 31: Single-Port RAM with Synchronous Reset for Pipeline
Register (RAM64x18_ RT) (syn_ramstyle=rw_check)

The following design is a single-port RAM with synchronous reset for pipeline register.

nodul e ram singl eport_witefirst pipe sreset(clk,we, a,d,ql,reset);
input [7:0] d;

input [7:0] a;

i nput clk, we,reset;

reg [7:0] q;

output [7:0] qi;

reg [7:0] qi;

reg [7:0] mem[255:0] /* synthesis syn ranstyle="rw check" */;
al ways @posedge cl k) begin

i f(we)

menfa] <= d;

end

al ways @ (posedge cl k)

begi n

i f(we)

q <= d;

el se

q <= nenja];
end

al ways @ (posedge clk )
begi n

if (reset)
gl <= 0;

el se

ql <= q;
end
endnodul e
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The tool infers RTG4 RAM64X18_RT with glue logic.
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Resource Usage Report for ram_singleport_writefirst_pipe_sreset
Mapping to part: rt4g150cg1657-1

Cell usage:

CLKINT 1 use
RAM64x18 RT 2 uses
CFG2 10 uses
CFG3 8 uses
CFG4 8 uses
Sequential Cells:

SLE 18 uses

Example 32: Simple Dual-Port RAM with Output Register Using
syn_ramstyle="rw_check"

The following design is a single-port RAM with output register using syn_ramstyle="rw_check".

nmodul e ram 2port _pi pe(cl k, w, raddr, di n, waddr, dout ) ;
i nput cl k;

input [17:0] din; input w;

input [9:0] waddr, raddr;

output [17:0] dout;

reg [9:0] raddr_reg;

reg [17:0] nem[0:1023] /* synthesis syn_ranstyle= "rw check" */;
reg [17: 0] dout;

al ways @ posedge cl k)

begi n

raddr_reg <= raddr;

dout <= nenfraddr_req];

if(w)

menfwaddr] <= din

end

endnodul e

|Gl = - rami
fﬁﬂl—'[m:::: — i ame s — B
raddr_reg[9:0 M) DABYITA P T Oy
_reg[9:0] i FOH D~ soumre  fevy Lo aure) St AT T
nl_::—_- —y -
WA ] .. dout[17:0)
[T 0] ———
mem{17.0]

The FPGA synthesis tool infers RTG4 RAM1K18 RT along with glue logic for read/write address
check.
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Resource Usage Report for ram_2port_pipe

Mapping to part: rt4g150cg1657-1
Cell usage:

CLKINT 1 use

RAM1K18_RT1 use

CFG2 1luse

CFG4 24 uses

Sequential Cells: SLE 57 uses

Example 33: Three-Port RAM with Synchronous Read

The following design is a Verilog example for three-port RAM with synchronous read.

nodul e ram.infer15 rtl (clk, di nc, dout a, dout b, w ¢, addr a, addr b, addr c) ;
i nput cl k;

i nput [17:0] dinc;

i nput wrc;

i nput [5:0] addra, addrb, addrc;
output [17:0] douta, dout b;

reg [17: 0] douta, dout b;

reg [17:0] mem|[0:63];

al ways@ posedge cl k)

begi n

i f(wc)

menf addrc] <= di nc;

end

al ways@ posedge cl k)
begi n

douta <= nenf addr a] ;
end

al ways@ posedge cl k)
begi n

doutb <= nenjaddrb] ;
end

endnmodul e

RTL view
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dowutal17:0]

mer{17.0]

raml

o doweh(17:0]

mem_1[17 0]

The tool infers one RAM64X18 RT.

Resource Usage Summary for ram_inferl5_rtl
Mapping to part: rt4g150cg1657-1
Cell usage:

CLKINT 1 use
RAM64x18_RT 1 use

Sequential Cells:
SLE O uses

e t— ]
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Example 34: Three-Port RAM with Asynchronous Read

The following design is a VHDL example for three-port RAM with asynchronous read.

library ieee;

use ieee.std_|ogic_1164.all;

use ieee.std | ogi c_unsigned.all;

entity ramsingl eport_noreg is

port (d : in std_logic_vector(7 downto 0);
addw : in std | ogic_vector(6 downto 0);

addrl : in std | ogic _vector(6 downto 0);
addr2 : in std_ | ogic _vector(6 downto 0);
we : in std_logic;
clk : in std_logic;

gl : out std_logic_vector(7 downto 0);

g2 : out std_logic_vector(7 dowto 0) );
end ram si ngl eport _nor eg;

architecture rtl of ramsingleport noreg is
type memtype is array (127 downto 0) of
std_logic_vector (7 downto 0);

signal mem nemtype;

begi n

Synopsys Confidential Information
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process (cl k)

begi n

if rising_edge(clk) then

if (we ="1) then

nen{conv_i nteger (addw)) <= d;
end if;

end if;

end process;

gl<= nmen{conv_integer (addrl));
g2<= nmen{conv_i nteger (addr2));

end rtl;
ram
add 1[5:0] — |
ool
sdaalH0] etr—l
Wi - - vt
=3
mem{7.0]
ram
= | -
i
" b {7 0]
mem_1[7:0]

The tool infers one RAM64X18_RT.

Resource Usage Report for ram_singleport_noreg

Mapping to part: rt4g150cg1657-1
Cell usage:
RAM64x18_RT 1use

Sequential Cells:
SLE 0 uses
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Example 35: Three-Port RAM with Read Address and Pipeline
Register

The following design is an example for three-port RAM with read address and pipeline register.

nmodul e ram i nfer(cl k, di nc, dout a, dout b, w ¢, rda, rdb, addr a, addr b, addrc) ;
i nput clk;

i nput [17:0] dinc;

i nput wc,rda, rdb;

input [5:0] addra, addrb, addr c;

output [17:0] douta, dout b;

reg [17: 0] douta, dout b;

reg [5:0] addra reg, addrb_reg;

reg [17:0] mem[0: 63];
al ways @ posedge cl k)
begi n

addra reg <= addra;
addrb_reg <= addrb;

if(wc)
nmenj addr c] <= di nc;
end

al ways @ posedge cl k)
begi n

i f(rda)

douta <= nmenjaddra_ req];
end

al ways @ posedge cl k)

begi n

i f(rdb)

doutb <= nenjaddrb_req] ;
end

endnodul e

e

] .
ipes P | - Tyl

L—a] wtmn
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The tool infers one RAM64X18_RT.

Resource Usage Report for ram_infer

Mapping to part: rt4g150cg1657-1
Cell usage:

CLKINT 1luse
RAM64x18_RT  1use

Sequential Cells;
SLE 0 uses
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Example 36: Simple Dual-Port RAM with Enable on Output Register

The following design is an example for simple dual-port RAM with enable on output register.
When enable is deasserted, the RAM output is O.

nmodul e ram si ngl eport_outreg_areset _en_rtl (cl k, w, addr, addw, din, dout, en);

output [17:0] dout;
input [17:0] din;

input [9:0] addr, addw
input clk, w, en;

reg [17: 0] dout;

reg [17: 0] nenj 1023: 0] ;

al ways @ posedge cl k)
begi n
if(w)

menj addw] <= di n;
end

al ways @ posedge cl k)

begi n
i f(en)
dout <= menfaddr];
el se
dout <= O;
end
endnodul e

ramil —
AL T O] s —lq__l_"—ll-;::'q i T o) i—..__H'_J::':__‘-.:.{;'_'--
P — DouTR I I#:. ... L
: b dout[17:
wepi dout_3[17:0] (74
mem{17:0]

The tool infers one RAM1K18 RT using A_BLK pin for enable en. enable en pin is mapped using
A_BLK or B_BLK pin on RAM1K18_RT only when one port of RAM1Kx18 RT is used for reading
and another port for writing.
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Resource Usage Report for ram_singleport_outreg_areset_en_rtl
Mapping to part: m2s050tfbga896std

Cell usage:
CLKINT 1 use
RAM1K18 RT luse

Sequential Cells;
SLE O uses

Example 37: Single-Port RAM with Asynchronous Reset
(RAM64x18 RT)

The following design is a single-port RAM with asynchronous reset.

nodul e ram si ngl eport _areset(cl k,we, a,d,ql,reset);
i nput [17:0] d;

input [5:0] a;

i nput clk, we,reset;

output reg [5:0] qi;

reg [17: 0] mem[63:0];

al ways @ posedge cl k)
begin if(we)

nenfal <= d;

end

al ways @ (posedge cl k or negedge reset)
begi n

if (!reset)

ql <= 0;

el se

gl <= nenja];

end

endnodul e
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C=

R

IS0l GI50)  p——[T0] ==

resel }>G
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SRM (Technology) View

RAMB4x18_RT

ISEASASASANEEEARANE

& CLE

A NMDTH

A DOUT_EM
ADOUT_BYRASS
A DOUT_SRST_N
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B_ADDR_EN
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il
C_WDTH BUSY e
ARET_N A DOUT[IT 0]
ECC i
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s—{ ECURITY
A FDDRPD]
ABLED D)
B_S00RED]
B BLKY]
C_ADDRPBO]

9]

C_OmMQT0

C_BLE[ID]

mem_merm_0_0

The tool infers RTG4 RAM64x18_RT with asynchronous reset packing.
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Example 38: Simple Dual-Port RAM64x18 RT in Low Power Mode

For the 128x18 RAM configuration, the tool fractures the data width and infers two
RAMG64x18_RT RAM blocks in 128x12 mode.

When you set the global option low_power_ram_decomp 1 in the project file (*.prj), the tool fractures
the address width to infer two RAM64x18_RT blocks in 64x18 mode. The tool connects the MSB
bit of address to the BLK pin and OR gates at the output to select the output from the two RAM
blocks.

RTL

“ifdef synthesis

nodul e test (raddr, waddr, clk, we, din,

“el se

nmodul e test RTL (raddr, waddr, clk, we, din,

“endi f

paraneter ADDR WDTH = 7,
par anmet er DATA WDTH = 18;
par anet er MEM DEPTH = 128;

i nput [ ADDR WDTH 1: 0] r addr;
i nput [ ADDR_W DTH- 1: O] waddr ;
i nput clk, we;

out put [ DATA WDTH 1 : 0] dout;
i nput [ DATA WDTH 1 : 0] din;

reg [ DATA WDTH 1 : 0] dout;
reg [ DATA WDTH 1 :

al ways@ posedge cl k) begin
dout <= nenjraddr];
end

al ways@ posedge cl k) begin
if(we)
menj waddr] <= din;
end
endnodul e

0] menj MEM DEPTH-1 : 0]

dout);

Project file option is set_option -low_power_ram_decomp 1.
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} r
D[17:0] Q[17:0) femtmmmmmmmnfiout{17 0] ==

mem([17:0]

Resource Usage

Cell usage:

CLKINT 1 use
CFG1 4 uses
CFG2 20 uses
SLE 0 uses

Block Rams (RAM64x18 RT): 2
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SRM (Technology) View
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Example 39: Simple Dual-Port RAM1K18 RT in Low Power Mode

For 2Kx18 RAM configuration, the tool fractures the data width and infers two RAM1K18 RT
RAM blocks in 2Kx9 mode.

By setting the global option low_power_ram_decomp 1 in the project file (*.prj), the tool will fracture
the address width to infer two RAM1K18 RT blocks in 1Kx18 mode. The tool will connect the
MSB bit of address to the BLK pin and OR gates at the output, to select the output from two
RAM blocks.

RTL

nodul e test (raddr, waddr, clk, we, din, dout);
parameter ADDR WDTH = 11;

par arret er DATA WDTH = 18;

par aneter MEM DEPTH = 2048;

i nput [ ADDR WDTH 1: 0] raddr;

i nput [ ADDR W DTH 1: 0] weddr;

i nput clk, we;

out put [ DATA WDTH1 : 0] dout ;

i nput [ DATA WDTH 1 : 0] din;
reg [ DATA WDTH 1 : 0] dout;
reg [ DATA WDTH 1 : O] menf MEM DEPTH1 : 0] ;
al ways@ posedge cl k) begin
dout <= nenjraddr];
end
al ways@ posedge cl k) begin

i f(we)

menf waddr] <= din;

end
endnodul e

Project File option is set option-low_power_ram_decomp 1.

SRS View (RTL)

|raddi{10:0] o e——— ([ 10
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dk T —1 CLK
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Resource Usage
Cell usage:

CLKINT 1 use

CFG1 2 uses
CFG2 20 uses
SLE 0 uses

Block Rams (RAM1K18 RT): 2
SRM (Technology) View
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Example 40: Simple Dual-Port RTG4 RAM with x1 Configuration

The following design is an example for simple dual-port RAM with x1 data width configuration

for the RTG4 device.

RTL
“define synthesis 1

nodul e ram 2port _addreg_1lkx1(cl k, w, raddr, di n, waddr, dout ) ;

i nput cl k;

i nput  din;

i nput wr;

i nput [9:0] waddr, raddr;
out put dout ;

reg [9:0] raddr_reg;
reg mem/[O0:1023] ;
wire dout;

assi gn dout = menjraddr_reqg]
al ways@ posedge cl k)

begi n
raddr_reg <= raddr;
if(w)
menfwaddr] <= din;
end
endnodul e

SRS View (RTL)

§ -—>
raddr[9:0] D[9:0]

raddr_reg[9:0]

Q[El OJ i ———

p=g==d \ADDR[9:0]

[ wr

waddr[9.0]

[din ==

Resource Usage

Cell usage:
CLKINT 1 use
CFG4 8 uses
SLE 3 uses

Block Rams (RAM64x18_ RT): 8
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Example 41: Single-Port RTG4 RAM (VHDL)

The following design is a VHDL example for RTG4 RAM with Read Enable to read from RAM and
output of RAM set to 0 when Read Enable is de-asserted.

RTL

library ieee;
use ieee.std logic 1164 all
use ieee.std | ogic_unsigned. all;
entity ramtest is
port (d: in std |logic vector(7 dowto 0);
a: in integer range 127 downto O;
we: in std_| ogic;
re: in std_|logic;
clk: in std_|ogic;
g: out std logic vector(7 dowto 0) );
end ramtest;

architecture rtl of ramtest is
type memtype is array (127 downto 0) of std |logic_vector (7 downto 0);
signal mem nemtype

attribute syn ranstyle : string
attribute syn ranstyle of mem: signal is "lsrant

begi n
process(cl k)
begi n
if (clk'event and clk="1") then
--q <= nen(a);
if (we="1") then
men{a) <= d;
end if;

if (re="1") then
q <= nen(a);
el se
g <= "00000000";
end if;

end if;
end process;

end rtl;
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SRS View (RTL)

=
raml
I—o— RADDR[6.0] . L
[O[7 0] e [ ATA[7 0] D[F0] Q[0 —7 0] =
— .- ] o | WADDR[0] DOUT7:0] ' =0
— weo q_3[7:0} alr-ol
> a—1 CLK
mem([7:0]

Resource Usage

Cell usage:

CLKINT 1 use

CFG1 1 uses

CFG2 8 uses

SLE 1 use

Block Rams (RAM1K18_RT): 1
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Example 42: RTL Coding Style for 1Kx16 Single-Port RAM with 2
Write Byte-Enables

In the RTL below, there are two write-enables, wea and web. These are used to control write
access to the RAM.

RTL
nmodul e ram wb_si ngl eport _2wen( cl k, wea, addr a, dat ai na, ga, web) ;
par anet er addr_wi dth =10;
paraneter data w dth = 16;
i nput cl k, wea, web;
input [data_width - 1 : 0] dataina;
input [addr_width - 1 : O] addra;
output reg [data width - 1 : 0] qa;
reg [datawidth - 1 : 0] nem[(2**addr_width) - 1 : O];
al wvays @ (posedge cl k)
begi n
i f(web) menjaddra][7:0] <= dataina[7:0];
i f(wea) menjaddra][15:8] <= dataina[15:8];
end
al wvays @ (posedge cl k)
begi n
if (~web)
ga[7:0] <= nenfaddra][7:0];
if (~wea)
ga[ 15: 8] <= nenj addr a] [ 15: 8] ;
end
endnodul e
SRS View
" gk g - 15 0]
T w50
A —— S s m -
o« - Ao
datana] 15 O
g
o ol i =i,
4 mux s
Ll Gmem 15 0) " i -
: 1" >
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SRM View

Resource Usage Report

CLKINT 1 use
CFG1 1 use
CFG2 8 uses

SLE 1 use
Total Block RAMs (RAM1K18_RT) : 2 of 209 (0%)
Total LUTs: 9
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Example 43: RTL Coding Style for 1Kx10 Single-Port RAM with
Write Byte-Enables

In the RTL below, there are two write-enables. These are used to control write access to the
RAM.

RTL

nodul e ram wb_wen_laddr (din, dout, addra, clk, wenl, wen2);
i nput [9:0] din;

i nput weni;

i nput wen2;

i nput [9:0] addra;

i nput cl k;

output reg [9:0] dout;

| ocal par am max_dept h=1024;
| ocal param m n_wi dt h=10;

reg [9:0] taddra;
reg [mnwidth-1:0] nemranfmax_depth-1:0];

al ways @ posedge cl k)

begi n
t addr a<=addr a;
i f(wenl)
nemranjtaddra] [4: 0] <=din[4:0];
i f(wen2)
nemranjtaddra] [9: 5] <=din[9:5];
end
al ways @ posedge cl k)
begi n
dout <= nemranjtaddra]
end
endnodul e
SRS View
ol ) rami . '
dn| 9 Oj-—— * J_.', . s | : : : & A== dou {9 0|
: Agmtsa— -, | I == =
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Resource Usage Report

SLE 10 uses
Total Block RAMs (RAM1K18_RT) : 1 of 209 (0%)
Total LUTs: O
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Example 44: RTL Coding Style for 1Kx8 Simple Dual-Port RAM with

Write Byte-Enables

In the RTL below, there are two write-enables, we[1:0]. These are used to control write access to

simple dual-port RAM.
RTL

modul e test (raddr, waddr, clk, we, din,

paraneter ADDR WDTH = 10;

par anet er DATA WDTH = 16;
paraneter MEM DEPTH = 1024,

i nput [ ADDR W DTH 1: 0] r addr;

i nput [ ADDR W DTH 1: 0] waddr ;

i nput clk;

input [1:0] we;

out put reg[ DATA WDTH 1 : 0] dout;
i nput [ DATA WDTH 1 : 0] din;

reg [ ADDR WDTH 1: O] raddr _reg;

dout);

reg [ DATA WDITH 1 : 0] menf MEM DEPTH 1 :0]/* synthesis syn ranstyle="|srani*/ ;
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al ways @posedge cl k) begin
if (wel[1])
menfwaddr][7:0] <= din[7:0];
if (we[0])
menj waddr] [ 15: 8] <= di n[ 15: 8] ;
end

al ways @posedge cl k) begin
if(~we[0] & ~we[1])
dout <= nenjraddr];
end
endnodul e

SRS View
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SRM View
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Resource Usage Report
SLE 0 uses
Total Block RAMs (RAM1K18 RT) : 1 of 209 (0%)
Total LUTs: 1

Example 45: RTL Coding Style for 3-Port RAM with Write Byte-
Enable

In the RTL below, there are write-enable (wrc[1:0]) pins. They are used to control write access to
the RAM.

RTL

modul e ramwb_3port _1wen(cl k, di nc, dout a, dout b, wr c,
rda, rdb, addr a, addr b, addr c) ;

i nput clk;

input [17:0] dinc;

input [1:0] wc;

i nput rda, rdb;

input [9:0] addra, addr b, addr c;

output [17:0] douta, dout b;

reg [17: 0] douta, dout b;
reg [9:0] addra reg, addrb_reg;
reg [17:0] nem[0:1023];
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al ways@ posedge cl k)
begi n

addra_reg <= addra;
addrb_reg <= addrb;

if(wcl[0])
nenf addrc] [ 8: 0] <= dinc[8:0];
if(wecl[l])
menj addrc] [ 17: 9] <= dinc[17: 9];
end
al ways@ posedge cl k)
begi n
i f(rda)
douta <= nenfaddra_ req];
end
al ways@ posedge cl k)
begi n
i f(rdb)
doutb <= nenfjaddrb_req];
end
endnodul e
SRS View
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SRM View

G BT
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Resource Usage Report

SLE 0 uses
Total Block RAMs (RAM1K18_RT) : 2 of 209 (0%)

Total LUTs: O
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Example 46: RTL Coding Style for Two-Port RAM with Write Byte-
Enable

In the RTL below, there is one write-enable (wen[1:0]) pin, which is used to control write access:

RTL
nodul e ram wb_wen_2addr (din , dout, addra, addrb, clk, wen);

input [17:0] din;

i nput [1:0] wen;

i nput [9:0] addra;
input [9:0] addrb

i nput cl k;

output reg [17:0] dout;

| ocal par am max_dept h=1024;
| ocal param m n_wi dt h=18

reg [9:0] taddra;
reg [9:0] taddrb;
reg [mnwidth-1:0] nemranfmax_depth-1:0];

al ways @ posedge cl k)
begi n

t addr a<=addr a;

t addr b<=addr b

i f(wen[0Q])
nemranjtaddra] [8: 0] <=din[8:0];
if(wen[1])
mem ranjtaddra] [17: 9] <=di n[ 17: 9] ;
end
al ways @ posedge cl k)
begi n
dout <= nemranjtaddrb];
end
endnodul e
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SRS View
clom 0
addra[9. 0= N
taddral9.0]
din{ 17.0jm-— = Ua dout{17:0]
dout[17.0]
wan |10
addrb[9:0 N ' Qmen{17:0}
taddrb(9-0]
SRM View

Resource Usage Report

SLE 10 uses
Total Block RAMs (RAM1K18_ RT) : 1 of 209 (0%)
Total LUTs: 0
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Example 47: VHDL RTL Coding Style for Two-Port RAM with Write
Byte-Enables

In the RTL below, there are two write-enable (en1l_wr and en2_wr) pins. They are used to control
write access with different read and write clocks:

RTL

library ieee;

use ieee.std logic_1164.all;

use ieee.std logic arith.all;
use ieee.std | ogic_unsigned.all;

entity test LSRAM 1kx16 is

port (clk w: in std_|ogic;
clk rd: in std_|logic;
enl w: in std_|ogic;
en2_ w: in std_|ogic;
addr_w: in std |ogic_vector(9 dowto 0);
data w: in std |ogic vector(15 downto 0);
addr _rd: in std | ogic_vector(9 downto 0);
data rd: out std_logic_vector(15 downto 0)

)
end test LSRAM 1kx16;

architecture behave of test LSRAM 1kx16 is

type memtype is array (1023 downto 0) of std logic_vector(15 downto 0);
signal MEML: nemtype;
signal r_addr_rd: std_|ogic_vector(9 downto 0);
begi n
process(cl k_w)
begi n
if rising_edge(clk w) then
if (enlw ="'1") then
MEML( CONV_I| NTEGER( addr _wr (9 downto 0))) (7 downto 0)<= data w (7 downto 0);
end if;
if (en2w ="1) then
MEML( CONV_| NTEGER( addr _wr (9 downto 0))) (15 downto 8) <= data w (15 downto 8);
end if;

end if;
end process;

data rd <= MEML( CONV_I NTEGER(r _addr _rd));

process(cl k_rd)
begi n

if rising_edge(clk rd) then
r_addr_rd <= addr_rd;
end if;

end process;
end behave;
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SRS View
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Resource Usage Report

SLE 0 uses
Total Block RAMs (RAM1K18_RT) : 1 of 209 (0%)

Total LUTs: O
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Example 48: Single Port RAM with syn_ramstyle ="low_power" and
Global Power Option is Off

RTL

nodul e test (clka, wea, addra, dat ai na, ga) ;
paraneter addr_width = 11;

paraneter data width = 21;

i nput cl ka, wea;

input [data width - 1 : 0] dataina;
input [addr_width - 1 : 0] addra;

output reg [data width - 1 : 0] qa;

reg [data width - 1 : 0] nem[(2**addr_width) - 1 : 0]/* synthesis syn ranstyle =
"I ow_power" */;

al ways @ (posedge cl ka)

begi n

i f(wea) nenjaddra] <= dataina;

el se

ga <= nenj addra];
end
endnodul e
SRS (RTL) View
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SRM (Technology) View

Resource Usage

Cell usage:

CLKINT 1 use
CFG1 2 uses
CFG2 23 uses
CFG4 21 uses
SLE 23 uses

Block RAMs (RAM1K18_RT) : 4 - RAMs inferred in low-power mode
Total LUTs: 46
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Example 49: Single Port RAM with syn_ramstyle ="no_low_power
and Global Power Option is On

RTL
nodul e test (clka, wea, addra, dat ai na, ga) ;
paraneter addr_width = 11;
paraneter data width = 21;
i nput cl ka, wea;
input [data width - 1 : 0] dataina;
input [addr_width - 1 : 0] addra;
output reg [data width - 1 : 0] qa;
reg [data width - 1 : 0] nem[(2**addr_width) - 1 : 0]/* synthesis syn ranstyle =
"no_| ow _power" */;
al ways @ (posedge cl ka)
begi n
i f(wea) nenjaddra] <= datai na;
el se
ga <= nenj addra];
end
endnodul e
SRS (RTL) View
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SRM (Technology) View
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Resource Usage

Cell usage:
CLKINT 1 use
SLE 0 uses

RAM/ROM usage summary
Total Block RAMs (RAM1K18_RT) : 3 of 952 (0%)
Total LUTs: O
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Current Limitations

For successful RTG4 RAM inference with the Synplify Pro software, it is important that you use
a supported coding structure, because there are limitations to what the synthesis tool infers.
Currently, the tool does not support the following:

* ROM inference is not supported for RAM1K18 RT and RAM64X18 RT.

¢ Large RAMs are broken down into multiple RAM64X18 RT or RAM1K18_RT blocks. Only
one type of RAM block can be used.

* RAMSs which can be mapped into a single RAM primitive are not fractured on the address
to infer multiple RAM blocks.
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