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RV32| Zicsr 3stage pipeline vl

Fetch & Decode Excute Memory & Writeback
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Implementation (RV32l Zicsr 3stage pipeline v1)

m_core

2 mem_reg

ADDRARDADOR(S90)
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RSTREC @0 | | second access 1 - i E m_reg | 2
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mem_req_| 30 nIT RRY4
0 50) 39)
CARRY4 30)
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Critical Path Delay : 8.596 ns (Load , Store)
hipe reg(FD to E) — mux(fw) — mux(alu_in) — alu — ma_ctrl — bram

mplemented Design LUT : 1833, FF : 1429
Frequency : 104 MHz




Memory Access Controller

All RISC-V Load and Store instructions calculate addresses by
adding register and immediate value.

In a misaligned access,
the ALU calculation result is incremented to access a higher address, and then
the pipeline is stalled to access a lower address.

| thought this increment was extending the critical path,
thus, | improved it by
- store the ALU output in a register
- use a multiplexer to select
- the incremented value of the previous alu output
- alu output

This ensures that the alu and the incrementer have different paths.



Implementation (RV32l Zicsr 3stage pipeline v2)

-] prev_addr{8] i_11

core

Critical Path Delay : 8.625 ns (Load , Store)
pipe_reg— mux(fw) — mux(alu_in) — alu — ma_ctrl — pipe_reg(stall)

Implemented Design LUT : 1933, FF : 1450
Frequency : 110 MHz

Although the operating speed has increased,
memory access is still on the critical path.



RV32| Zicsr 3stage pipeline v3

Fetch & Decode
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To omit the ALU input/output multiplexer from the memory access path,
| added an adder for memory access.




Implementation (RV32| Zicsr 3stage pipeline v3
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ritical Path Delay : 7.556 ns (Branch
ipe_reg— mux(fw) — br_unit — bram

mplemented Design LUT : 1981, FF : 1448
requency : 121 MHz




RV32| Zicsr 3stage pipeline v4

Fetch & Decode Excute Memory & Writeback
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To shorten the branch path, the forwarding was changed from the
beginning of the Execute stage to the end of the Decode stage.




Implementation (RV32| Zicsr 3stage pipeline v4
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Critical Path Delay : 7.667 ns (Forwarding
pipe_reg— mux(alu_in) — alu =>mux(fw) — pipe_reg

Implemented Design LUT : 1990, FF : 1445
Frequency : 126 MHz
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