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Another RISC-V core?
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Little to moderate processing power, high focus on area

Control-oriented applications, IoT, ...

Fulfil perf. requirements with minimal area demand
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FazyRV: Closing the Gap between 32-Bit and Bit-Serial
RISC-V Cores with a Scalable Implementation[1]
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Design Objectives

• Scalability – Parametrizable 1, 2, 4, or 8-bit data path width (“chunk size”)

• Abstraction – No hand optimization at the gate level

• Variants – Interrupts and CSRs: “MIN” ⊂ “INT ” ⊂ “CSR”

– Register file: single-port vs. dual-port RAM, BRAM vs. LUT RAM

– Optional bypass MUX

Meinhard Kissich, Graz University of Technology

ORConf’24

7



Design Objectives

• Scalability – Parametrizable 1, 2, 4, or 8-bit data path width (“chunk size”)

• Abstraction – No hand optimization at the gate level

• Variants – Interrupts and CSRs: “MIN” ⊂ “INT ” ⊂ “CSR”

– Register file: single-port vs. dual-port RAM, BRAM vs. LUT RAM

– Optional bypass MUX

Meinhard Kissich, Graz University of Technology

ORConf’24

7



Design Objectives

• Scalability – Parametrizable 1, 2, 4, or 8-bit data path width (“chunk size”)

• Abstraction – No hand optimization at the gate level

• Variants – Interrupts and CSRs: “MIN” ⊂ “INT ” ⊂ “CSR”

– Register file: single-port vs. dual-port RAM, BRAM vs. LUT RAM

– Optional bypass MUX

Meinhard Kissich, Graz University of Technology

ORConf’24

7



Core Insights
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1,2,4,8 ... Why no 16-bit and 32-bit variants?
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Shifts! And Zero/Sign-Extension!
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1-bit Variant Shifts (Naïve Approach)
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1-bit Variant Shifts (Naïve Approach)

32-bit data
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1-bit Variant Shifts (Naïve Approach)
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We Have to be More Clever

Shifting 1 bit at a time does not scale

inefficient for larger chunk sizes

Barrel shifter too costly

not justifiable for small chunk sizes

⇒ Introduce Marco Steps
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FazyRV Shifts

32 bit |chunk| bit
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FazyRV Shifts

32 bit |chunk| bit

§ Overhead scales with the chunk size

§ Performance scales with the chunk size

... but beyond 8 bit chunk size: barrel shifter gets large
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Zero/Sign Extension

32 bit |chunk| bit

§ Replicated bit always at same position

... but does not hold true for chunk sizes larger than 8 bit
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FazyRV-ExoTiny [2]

approx. 334µm x 216µm, SkyWater SKY130 PDK, 6108 cells, OpenLane flow
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FazyRV-ExoTiny [2]
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What’s next?

(WiP) Custom instruction interface

(WiP) Optimize decoder

(∼) Compressed ISA: code size & resources

(∼) Interrupts and privileged ISA

(open) Improve verification framework: currently riscv-formal [3] + RISCOF [4]

(?) CSR instructions in addition to csrrw

Interested in contributing to FazyRV? Feel free to contact me :)
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Comparison

iCE40 architecture

Identical open-source CAD flow: including Yosys [5] and nextpnr [6], [7]

Minimal reference SoC

64 Bytes memory (BRAM, Wishbone)
1 memory-mapped output
Minimal resources to realize SoC

Core

MUX

BR
AM

G
PI
O

Core

MUX

G
PI
O

BRAM

ArbiterOR

Core

MUX

BRAMG
PI
O

(b)(a) (c)

Meinhard Kissich, Graz University of Technology

ORConf’24

25



Synthesis Implementation

Core in SoC CSR # LUT-4 # Cells # LCs fMAX (MHz) Ref.

SERV ✗ 316 658 506 109 [8]

SERV ✓ 395 783 590 98 [8]

QERV ✗ 402 790 613 86 [9]

QERV ✓ 500 942 717 71 [9]

VexRiscv* ✗ 970 1699 1336 78 [10]

PicoRV32 ✓ 1360 2135 1569 71 [11]

VexRiscv (LiteX) ✓ 1369 2241 1887 60 [12]

*smallest version in repo, (not marked productive)
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CPImin= NIF + NID +
32

|chunk| (1)

CPImax= NIF + NID + 2 · 32
|chunk|

+
(

1 +
32

|chunk|

)
(2)

NIF=

{
2 if Wishbone interface with 1 cycle delay
1 if fixed 1 cycle delay

(3)

NID=


3 if single read port (1R) BRAM
2 if 1R BRAM + bypass, or 2R BRAM
1 if 2R BRAM + bypass

(4)
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