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Register Files - HDL

• These slides introduce VHDL based Register Files

• Upon completion: You should be able design and 
use Register Files
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Register Files - HDL

• Register File – simple
• Group of n-bit registers

• Accessed via a multiplexor (address)

M x N bit
Register File

Address

Data_in

Data_out

we_b

32 x 16 bit
Register File

Address

Data_in

Data_out

we_b

5

16

16

clk clkclk only impacts writes
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Register Files - HDL

• Register File – simple
• Output data (from reg at Address) – always available

• Write requires we_b low and clk ↑

32 x 16 bit
Register File

Address

Data_in

Data_out

we_b

5

16

16

clk

we_b
1
0
1
1
1
0
1
1
0
1
1
1

addr
7
7
7
7

12
12
12
23
23
23
7

12

data_in
472
472
472
93
93
93
93
0
0
0

55
55

data_out
?
?

472
472

?
93
?
?
0

472
93

clk ↑

clk ↑

472

93

0

clk ↑

clk only required for writes, reads are asynchronous

In normal application, clock would always be running
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Register Files - HDL

• Register File – multi-port
• Group of n-bit registers

• Accessed via a multiplexor

• Can have multiple inputs and outputs

M x N bit
Register File

Read_Address_A

Data_in

Data_Out_A

we_b

Read_Address_B

Write_Address Data_Out_B

clk

Always reading from 2 registers asynchronously

Writes to one register

clk only impacts writes
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• 32 x 8 bit register file

Register Files - HDL

data_out

8 bit

8 bit

8 bit

8 bit

addr 0

addr 1

addr 30

addr 31

32x8b
Register

File

5
addr

data_in

wr_b

clk

8

8
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• 32 x 8 bit register file

Register Files - HDL
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• 32 x 8 bit register file

Register Files - HDL

Need the address as an integer to index the array.
Address is SLV coming in – need to pass through
unsigned along the way

Create a new ‘type’
The new ‘type’ is an array of std_logic_vector
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• 32 x 8 bit register file

Register Files - HDL
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• 32 x 8 bit register file - testbench

Register Files - HDL
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• 32 x 8 bit register file - testbench

Register Files - HDL
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• 32 x 8 bit register file - verification

Register Files - HDL

write register
pattern

read register
no write

write register
data_in = FF

read register
no write

read register
unknown

Addr 0
Initially unknown

Loads input on rising clock edge

Addr 2
Initially unknown

Loads input on rising clock edge

WE_B goes high
Still reading the old data – no write
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• 32 x 16 bit register file , 2 outputs

Register Files - HDL

16 bit addr 0

addr 1

addr 30

addr 31

16 bit

16 bit

16 bit

32 x 16 bit
Register File

Read_Address_A

Data_in

Data_Out_A

we_b

Read_Address_B

Write_Address Data_Out_B

5

5

5

16

16

16
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• 32 x 16 bit register file, 2 outputs

Register Files - HDL
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• 32 x 16 bit register file, 2 outputs

Register Files - HDL

Need the address as an integer to index the array.
Address is SLV coming in – need to pass through
unsigned along the way

Create a new ‘type’
The new ‘type’ is an array of std_logic_vector



16 © tjCE 1911

• 32 x 16 bit register file, 2 outputs – testbench
• Normal clock process

• No reset process

• Read A and B outputs opposite directions(unknown)

• Write to all locations (1-0 pattern)

• Read A and B outputs opposite directions(1-0 pattern)

• Write to all locations (0-1 pattern)

• Read A and B outputs opposite directions(0-1 pattern)

• Exercise Write address and data but with no wr_b

• Read A and B outputs opposite directions(no change)

Register Files - HDL


