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RTL Simulation running test

M binaries/micro-benchmarks

Custom SoC architecture

New blocks + reusing

existing blocks

FPGA-accelerated simulation
running full workloads

FPGA prototyping for fast
cool demos

Tape-out the SoC to get
actual silicon results




CHIP Organization

Custom SoC
Configuration
. . y
What is Chipyard? RIL Generators
RISC-V Multi-level . Custom
. Cores Accelerators Caches Peripherals Verilog
* An organized framework for .
: : v
various SoC design tools e
* An IP library of open-source 10 and Harness Binding
RISC-V SoC components . . 2 .
FIRRTL IR
A methodology for agile SoC : v
i i FireSim Transforms: VLSI Transforms:
arChIteC!:U re deSIQn’ . FAME Decoupling Top and Harness Split
exploratlon, and evaluation FPGA Platform Mapping Replace Memories
Assertion/Printf Synthesis Module Promotion
ILA Wiring Module Grouping
RAM Optimizations IO Cell Technology Mapping
v v 4 v
FireSim Behavioral FPGA-Mapped :
Verilog Verilog Verilog VLS Verilog
* \ 4 \ 4
FireSim FPGA- Software RTL Simulation FPGA Hammer Automated
Accelerated Emulation | | |_Commercial | | Open-Source | Prototyping VLSI Flow
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SoC architecture and
generators

Organization

RTL Generators
RISCV Accelerators Multiievel Peripherals Clstom
Cores Caches P Verilog_;




SoC Architecture

Digital SoC Architecture
RocketTile BoomTile
Rocket > Boom
Core P PTW § o ‘| Core P PTW
J\J c_f % J\A
Q
L11$ L1D$ ©) L11$ L1D$
MMIO
i i i i i Accelerator
Tile Bus Tile Bus
\ 4 v t
System Bus
1 i 4 )
Periphery Bus Front Bus
A A t A
Control Bus
v \ 4 A v
\ 4 \ 4
L2 L2 » BootROM
sark || Bank || UART || GPIOs Serdes
¢ t > PLIC
Memory Bus > CLINT
¥ ¥ *| Debug [«
DRAM DRAM
Chan. Chan.




Tiles and Cores

Digital SoC Architecture

RocketTile BoomTile
Rocket |, PTW > ‘| Boom || PTW Tiles:
(@) . .
C‘ire\J gD C‘ire\J « Each Tile contains a RISC-V core
3 O and private caches
o . .
Li1$ || L1DS = L1i$ | L1D$ Several varieties of Cores
! —— ! ! = *B ! supported
lle bus e bus . .
) Interface supports integrating your
¥ . own RISC-V core implementation
A A t ¢
A A t A
\ 4 \ 4 N
>
$ $
v v «
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PC

IF

ID

EX

MEM

WB

Rocket and BOOM

L2

128bit/cycle

ICache TLB L1 Instruction Cache
ICache Tags 32-KiB 8-way
16 Bytes/cycle
LO BTB

(1-cycle redirect)

Dense L1 BTB
(2-cycle redirect)

Instruction Fetch & PreDecode (4 cycles)

(16 Byte window)

Inst Inst Inst Inst Inst Inst Inst Inst

TAGE-L Branch

Fetch Buffer

a1L 21

— — — . (32 entries)
PC [17LB ] [] (IntRF] DTLB To RoCC Predictor F & & ¥
Int.EX Commit - (3-cycle redirect) ) |
Gen 1S Inst ' D$ Accelerator 4-Wide Decode
Access Decode | |a) lal |Access | |al Return-Address
Stack Decoder Decoder Decoder Decoder
FP.RF FP.EX1 FP.EX2 D FP.EX3 FrontEnd
uop HOP HOP LoP
al al al
Execute Rename / Allocate / Retirement

ReOrder Buffer (128 entries)

Aem-g gy ZTS
ayoed 71

ROC ket : uor poe porp uor
. o e | Distributed Scheduler
* First open-source RISC-V CPU —tmmet [ o tssve | iccue queue || MEM Ssue
1 H ™ Predicate Ehvsical | Tf:; ;s%l_ca 32Q ::turiees 32 entries 33::;15
* In-order, single-issue RV64GC core
Port Port | Port | | Port | | Port | | Port| | Port | | Port |
* Efficient design point for low-power devices ] P ] ] e ] ] e
Branch Branch Branch | | Branch EDiv ors
SonicBOOM: e || G ] [Rece [ pys
* Superscalar out-of-order RISC-V CPU e
Load Queue .
. . . . (32 entries) 8B/cyde Forward_lng
e Advanced microarchitectural features to maximize IPC e (32 entries)
8B/cycle 8B/cycle D(‘]'?(l::;he 8B/cycle PNe:t-"I:e
* TAGE branch prediction, OO0 load-store-unit, register
renamin L1 Data Cache 8 MSHRs
€na | g Load/Store 32 KiB 8-Way Line Fill BL.Jffers 128bit/cycle
7 Unit (10 entries)

* High-performance design point for general-purpose systems



Rocket and BOOM

PC IF ID

EX

MEM

WB

Rocket and SonicBOOM:

PC LB ][] Ont.RE] [ ] (DTLB To RoCC
Int.EX Commit |
Gen 1S Inst D$ Accelerator
Access Decode | |al lal |Access | |al
FP.RF FP.EX1 FP.EX2 FP.EX3
al al al

e Support RV64GC ISA profile
* Boots off-the-shelf RISC-V Linux distros (buildroot, Fedora,

etc.)

* Fully synthesizable, tapeout-proven

e Described in Chisel

* Fully open-sourced

L2

128bit/cycle

ICache TLB L1 Instruction Cache
ICache Tags 32-KiB 8-way
16 Bytes/cycle
LO BTB

(1-cycle redirect)

Dense L1 BTB
(2-cycle redirect)

Instruction Fetch & PreDecode (4 cycles)

(16 Byte window)

Inst Inst Inst Inst Inst Inst Inst Inst

TAGE-L Branch

Fetch Buffer

di (32 entries)
Predictor Inst Inst Inst Inst
(3-cycle redirect)
4-Wide Decode
Return-Address
Stack Decoder Decoder Decoder Decoder
FrontEnd
HoP HOP HoP HorP
Execute Rename / Allocate / Retirement
ReOrder Buffer (128 entries)
pop pop uor por
Floating-point - -
onyeca reomerie | Distributed Scheduler
(128 Registers)
MEM |
[ Teger Py | FP Issue T e B EM lIssue
Register File Queue R Queue
(128 Registers) . 32 entries .
[~ Predicate Physical | | 32 entries 32 entries
Register File (16 bits
Port Port |Port| |Port||Port||Port| |Port| |Port|
pop Hop Hop Hop Hop pop Hop pop
AW || Aw || Aw || aw || Fru || FPU || AGu || AGu |
Branch Branch Branch | | Branch EDiv ors
J CSR RoCC Mul/Di
- —I=1 EuUs
Store Buffer &
Load Queue ore Bu .er
(32 entries) 8B/cyde LI
(32 entries)
8B/cycle 8B/cycle DCache 8B/cycle Next-line
I8 Prefetcher
8 MSHRs
L1 Data Cache
Load/Store 32 KiB 8-Way Line Fill Buffers
Unit (10 entries)

a1L 21

Aem-g gy ZTS
ayoed 71

128bit/cycle



PULP Cores in CHIP

Frontend D Issue EX Commit

Speculative Regime o In-order lssue 0cOWs ?‘"ﬁm\u -E g
e Ol [j— e B
‘ 5 . — (. | i N 'bex Core
:‘3_’ a::i:{e, Scoreboard _S_,Lplczi]l — ; wie () m ID Stage EX Block
vf,s,:, ‘é‘: ::; Cot;"::d,:d " gi“ ::‘% é <) Prefetch o il
IE’\ o 8| ] R;;:ade B _-_' 3 . p é rdata_i BUffr D
2 :: = = Decoder Write g EX
£ NETED
4 - Decoder o ©
= P g T ﬁ Reg File % o o
- g_% i @lowrisC B ==t % =
Select § g
CVAG6 (Formerly Ariane): Ibex (Formerly Zero-RISCY):
* RV64IMAC 6-stage single-issue in-order core * RV64IMC 2-stage single-issue in-order core
* Open-source * Open-source
* Implemented in SystemVerilog * Implemented in SystemVerilog
« Developed at ETH Zurich as part of PULP, « Developed at ETH Zurich as part of PULP
Now maintained by OpenHWGroup « Now maintained by lowRISC

e}
°



Sodor Education Cores

Sodor Core Collection RISC-V
Sodor 1-Stage

 Collection of RV32IM cores for el T e 20
teaching and education { = all —
RISC-V
- 1-stage, 2-stage, 3-stage, 5-stage Sodor 2-Stage
implementations g e —
 Micro-coded “bus-based” RISC-V
im p|ementation _ OpcAode zerc;? Sodor Micro-coded
 Used in introductory computer @R | ALUOp 1WA 1B “iRa) IaMA
architecture courses at Berkeley 2! — -
* RegSel MA <
> IR addr acL’
* 32 GPRs +
PC +
g Immes IRA +... | RegWr SO MemWr
enlmm Y @ z-gaitta regs; snries data snitem
:S_S Bus

10 ]




RoCC Accelerators:
» Tightly-coupled accelerator interface

! § — « Attach custom accelerators to Rocket
P @ O or BOOM cores
' ! !
\ 4 v t
1 1 v ]
A A t Y
$ $
3 v «
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RoCC Accelerators

- 1. Core automatically decodes + sends ‘
g custom instructions to accelerator
BOOM/Rocket | 2
) 2. Accelerator can write back into core
3 Custom registers
TLBs PTW [ > Accelerator .
| | tati 3. Accelerator can support virtual-
mplementation addressing by sharing core PTW/TLB
PR S
L11$ L1D$ ¢ g 4. Accelerator can fetch-from/write-to
- - Y coherent L1 data cache or outer-
4 memory
SystemBus
! $ Flexible interface supports a variety of
accelerator designs
L2 Peripherals
Included in Chipyard:

« Gemmini ML accelerator
« Hwacha vector accelerator
« SHAZ3 accelerator

12
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vy —3 vy —3
v v v v Ac'c\:/lel}/gr(;tor D S E—
\ 4 v t
1 t v ]
t A
f f I
¥ v «

MMIO Accelerators:

« Controlled by MMIO-mapped
registers

« Supports DMA to memory system

« Examples:
« Nvidia NVDLA accelerator
 FFT accelerator generator
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Coherent Interconnect

Digital SoC Architecture

> <| >
v —3 v T~
v v v v v
Tile Bus Tile Bus
A\ 4 v t
System Bus
f f t f
Periphery Bus Front Bus
A A t A
Control Bus
4 Y A\ 4 A\ 4 1 Y
™
™~
v v
Memory Bus
v v «

TileLink Standard:
» TileLink is open-source chip-scale

interconnect standard

« Comparable to AXI/ACE

» Supports multi-core, accelerators,
peripherals, DMA, etc

== |Interconnect IP:

Library of TileLink RTL generators

provided in RocketChip

RTL generators for crossbar-based

buses

Width-adapters, clock-crossings,

etc.
Adapters to AXI4, APB




O oRTTSION
o O
S

“| Protocol Shi
CVA6WrapperTile AMBA-to-TileLink shims enable easy
. VCA\gAes Verilog VTN integration with existing IP
Core |71 PTW NVDLA Verilog * Works for
] I cores/peripherals/accelerators
NVDLA . L .
L11$ L1D$ * Drop-in Verilog integration of CVA-6,
I ] | NVDLA
AXI4Bus AXI4 DMA
AR IO AXI4ToTL
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NoC Interconnect

Digital SoC Architecture

3 3
T bt 3 NEW in Chipyard 1.8.0:
&onstellation NetJvork-on-Chip " .
< Interconnect > Constellation NoC
f f t generator
Control Bus
3 A
Memory Bus
v v >

16
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Constellation

A parameterized Chisel

DRAM

Channel

DRAM Channel

»
'

generator for SoC interconnects

* Protocol-independent transport
layer

Supports TileLink, AXI-4
* Highly parameterized

Deadlock-freedom

e Virtual-channel wormhole-
routing

Talk at NoCArc’22 Workshop

e Sunday 11:00 AM

Medium Core Medium Core Medium Core
v) ML Accelerator
I/0 Big Core
? O«—t——0«—1—0
A
.4——»04—-»8)4——»@
L2 Bank L2 Bank
? D 4——»?
\
A .477 Debug
«— > Oq—>
A L2 Bank z L2 Bank e
Q¢—F—>Oe+———— »(Oe}——» i
i JTAG
/0 Big Core SmEII Core SmFII Core Small %ore Small Gore ?
v DSP
Oe—>»O1—@
(’)< .(’)4_ _>('><__>('> i NIC
Small Core | Small Core Small Core | Small Core ISP O
Y
@« @
DRAM Channel DRAM Channel
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L2 /DRAM

Digital SoC Architecture

N .| N

Shared memory:
* Open-source TileLink L2 developed by
SiFive
« Directory-based coherence with
MOESI-like protocol
« Configurable capacity/banking
« Support broadcast-based coherence in
no-L2 systems
« Support incoherent memory systems
DRAM:
« AXI-4 DRAM interface to external
memory controller
 Interfaces with DRAMSIm/FASED
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Peripherals and IO

Digital SoC Architecture

> <| >
v — 3 vy — 3
! v ! ! !
v ‘ !
A A ¢
A A t A
BootROM
UART || cPIOs SEnEE
PLIC
$ $
CLINT
¥ v Debug [«

L=

Peripherals and 10:
* Open-source RocketChip + SiFive
blocks:
» Interrupt controllers
« JTAG, Debug module,
BootROM

 UART, GPIOs, SPI, 12C, PWM,
etc.
» TestChiplP: useful IP for test chips
» Clock-management devices
« SerDes
» Scratchpads



SoC Architecture

Digital SoC Architecture
RocketTile BoomTile
Rocket > Boom
Core P PTW § o ‘| Core P PTW
J\J c_f % J\A
Q
L11$ L1D$ ©) L11$ L1D$
MMIO
i i i i i Accelerator
Tile Bus Tile Bus
\ 4 v t
System Bus
1 i 4 )
Periphery Bus Front Bus
A A t A
Control Bus
v \ 4 A v
\ 4 \ 4
L2 L2 » BootROM
sark || Bank || UART || GPIOs Serdes
¢ t > PLIC
Memory Bus > CLINT
¥ ¥ *| Debug [«
DRAM DRAM
Chan. Chan.
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Chisel

* Chisel — Hardware Construction Language built on Scala

« What Chisel IS NOT: ®
‘ VLSI

* NOT Scala-to-gates ‘ Chisel
‘ FIRRTL H Verilog H VLSI ‘

* NOT HLS
* NOT tool-oriented language ‘ Chisel

* What Chisel IS:
* Productive language for generating hardware
* Leverage OOP/Functional programming paradigms
* Enables design of parameterized generators
* Designer-friendly: low barrier-to-entry, high reward
* Backwards-compatible: integrates with Verilog black-boxes

21
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Chisel Example

// Generalized FIR filter parameterized by coefficients
class FirFilter(bitWidth: Int, coeffs: Seq[Int])
val io = I0(new Bundle {
val in = Input(UInt(bitWidth.W))
val out = Output(UInt(bitWidth.W))

})
val zs = Wire (geeleoe S
zs(@) := io.in

for (i <- 1 until coeffs.length) {
zs(1) := RegNext =

}

val products = zs zip coeffs map
case (z, ¢) => z * c.U

}

io.out := products.reduce(_ + )

Flexible parameters:

"1+ Enables development of highly flexible,

parameterized HW generators

HDL, not HLS:

« Designers reason about wires, registers,
gates, 10, etc.
Familiar Wire, Reg, 10 constructs makes
Chisel beginner-friendly

Designer-friendly features
« Powerful OOP/functional programming
paradigms

« Strict type-checking encourages
“correct-by-construction” design




Learning Chisel

This tutorial does not expect any familiarity of Chisel Books » Computers & Technology » Programmir

Look inside ¥

Many resources for learning Chisel Digital Design
with Chisel

e Step-by-step tutorial:
https://github.com/ucb-bar/chisel-tutorial

 Jupyter notebook:
https://github.com/freechipsproject/chisel-bootcamp

* Chisel Textbook:
https://www.imm.dtu.dk/~masca/chisel-book.html Martin Schoeberl

23
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CHIP
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Organization

RTL Generators

RISC-V
Cores

Accelerators

Multi-level
Caches

Peripherals

Custom
Verilog
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SoC Configuration

Organization

Custom SoC
Configuration
v
RTL Generators
s Accelerators L e Peripherals Clozion
Cores Caches Verilog




Composable Configurations

Digital SoC Architecture class CustomConfig extends Config(
RocketTile BoomTile | new WithLlCacheWays(4) ++
Rgg:‘:t bl PTW 570 .| %Ooﬁfg‘_ PTW | | new W}thAsynchles.++
7 25 - new WithSystemBusWidth(128) +
e or 30‘ s e — new WithFPGemmini ++
| | | | o () Q\ new With3WideBooms ++
Tl Bus Tiebus _— | elerator ™~ new WithL2TLBs(512) ++
f T /2 ; L~ new WithL2Sets(1024) ++
System Bus o~
1 t v — 3 new WithDefaultGemmini ++
Pe”ﬁheWB“S( Fioil B new WithNRocketCores(1) ++
/Control Bus new WithNBoomCores(1l) ++
- Y v t ¥ new WithBootROM ++
Ble_zik Bﬁk uArT || apios | [ S0ofROM Serdes new WithUART ++
3 3 "_PLIC new WithJtagDTM ++
Memory Bus > CLINT new WithGPIOs ++
DFfAM DRiM *|_Debug ¢ new WithInclusiveCache(512) ++
Chan. Chan. )
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CHIP Organization

Custom SoC
Configuration
v
RTL Generators
s Accelerators L e Peripherals Clozion
Cores Caches Verilog_;
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Organization

Custom SoC
SW RTL Simulation: CO”ﬁg:fatb”
» RTL-level simulation with RTL Generators
Verilator or VCS Réi?e;V Accelerators Mg:;llzvsel Peripherals ?/l;?ﬁgr;
» Hands-on tutorial next -
FPGA prototyping:
« Fast, non-deterministic
prototypes
* Overview of flow later
Hammer VLSI flow:
« Tapeout a custom config in
some process technology
* Overview of flow later
FireSim:
« Fast, accurate FPGA- I L , I
accelerated SimU|ati0nS FireSim FPGA- Software RTL Simulation FPGA Hammer Automated
Accelerated Emulation | | |_Commercial | | Open-Source | Prototyping VLSI Flow

« Hands-on tutorial later

28



CHIP Organization

Custom SoC
Configuration
v
RTL Generators
RISCV Accelerators Multiievel Peripherals Clstom
Cores Caches P Verilog
v
RTL Build Process
IO and Harness configuration 10 and Harness Binding
A 4 A 4 A 4 A 4
FireSim FPGA- Software RTL Simulation FPGA Hammer Automated
Accelerated Emulation | | |_Commercial | | Open-Source | Prototyping VLSI Flow

29
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Multipurpose

TestHarness FireSimHarness ChipHarness
( Ghiptep Chiptep Chiptep
DigitalTop DigitalTop DigitalTop

=]

S

I\

\| =1 —
( ol [ollalla]|l@3||v
(@) OO (@) a® |l
o3 ollef|a||lao|lr
= === ]| ec@
A A A
(% (g_ cg_ v A
> e Fivte
()] =
3 12)12] 12| 12| |5 A Lg I
=| IS|18] 5] 2] |2 . I
aariEREI-IHEIHarness Configuration
Q Sllal8]18]|< S - . Tethered FPGA
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Configuring 10 + Harness

TestHarness

ChipTop

DigitalTop

Digital Config

10 Binders

A

ol

O0'WISNVY

J

AJBALIISOL

-

L

Harness Binders

class

new
new
new
new
new
new
new
new

new

new
new
new
new

CustomConfig extends Config(
WithDefaultGemmini ++
WithNRocketCores(1l) ++
WithNBoomCores(1) ++
WithBootROM ++

WithUART ++

WithJtagDTM ++

WithGPIOs ++
WithInclusiveCache(512) ++

WithIOCellModels ++

WithDRAMSim ++
WithSimUART ++
WithSimJTAG ++
WithSimSerial



CHIP Organization

Custom SoC
Configuration
v
RTL Generators
RISCV Accelerators Multiievel Peripherals Clstom
Cores Caches P Verilog
v
RTL Build Process
IO and Harness Binding
A 4 A 4 A 4 A 4
FireSim FPGA- Software RTL Simulation FPGA Hammer Automated
Accelerated Emulation | | |_Commercial | | Open-Source | Prototyping VLSI Flow
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CHIP Organization

Custom SoC
Configuration
y
RTL Generators
S Accelerators LD Peripherals B
Cores Caches P Verilog
v
RTL Build Process
IO and Harness Binding
¥ L 2 2 ¥
FIRRTL IR
y A 4
FireSim Transforms: VLSI Transforms:
FAME Decoupling Top and Harness Split
FIRRTL Transforms FPGA Platform Mapping Replace Memories
Assertion/Printf Synthesis Module Promotion
ILA Wiring Module Grouping
RAM Optimizations IO Cell Technology Mapping
v VL 4 v
FireSim Behavioral FPGA-Mapped :
Verilog Verilog Verilog VLS Verilog
* \ 4 \ 4
FireSim FPGA- Software RTL Simulation FPGA Hammer Automated
Accelerated Emulation | | |_Commercial | | Open-Source | Prototyping VLSI Flow

33
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FIRRTL

LLVM PassManager

x86 assembly

ARM
assembly

C/C++
LLVM IR
Rust
Chisel
FIRRTL IR
Verilog

Dead code Statistics T
NI : Optimization
elimination collection
FIRRTL Passes

Dead_ Statistics Netlist
expression } ) i
. .. collection manipulation
elimination

Verilog for
SW Sim

FIRRTL emits tool-friendly, synthesizable Verilog

Verilog for
FPGA Sim
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CHIP

Configs: Describe
parameterization of a multi-
generator SoC

Generators: Flexible, reusable
library of open-source Chisel
generators (and Verilog too)

IOBinders/HarnessBinders:
Enable configuring IO strategy
and Harness features

FIRRTL Passes: Structured
mechanism for supporting multiple
flows

Target flows: Different use-cases
for different types of users

Organization

Custom SoC
Configuration
y
RTL Generators
S Accelerators LD Peripherals B
Cores Caches P Verilog
v
RTL Build Process
IO and Harness Binding
¥ L 2 2 ¥
FIRRTL IR
y A 4
FireSim Transforms: VLSI Transforms:
FAME Decoupling Top and Harness Split
FPGA Platform Mapping Replace Memories
Assertion/Printf Synthesis Module Promotion
ILA Wiring Module Grouping
RAM Optimizations IO Cell Technology Mapping
v v 4 v
FireSim Behavioral FPGA-Mapped :
Verilog Verilog Verilog VLS Verilog
* \ 4 \ 4
FireSim FPGA- Software RTL Simulation FPGA Hammer Automated
Accelerated Emulation | | |_Commercial | | Open-Source | Prototyping VLSI Flow




CHIP Learning Curve

Advanced-level
» Configure custom IO/clocking setups

» Develop custom FireSim extensions
* Integrate and tape-out a complete SoC

Evaluation-level
* Integrate or develop custom hardware IP into

Chipyard
* Run FireSim FPGA-accelerated simulations

* Push a design through the Hammer VLSI flow
Build your own system

Exploratory-level
« Configure a custom SoC from pre-existing

components
* Generate RTL, and simulate it in RTL level

simulation
Evaluate existing RISC-V designs




CHIP

Proven in many Berkeley Architecture
courses
« Hardware for Machine Learning

e catirctu
A
4
o %
i
£ |
& )
36 /
1868

» Undergraduate Computer Architecture

» Graduate Computer Architecture
» Advanced Digital ICs
« Tapeout HW design course

Advantages of common shared HW

framework
» Reduced ramp-up time for students

« Students learn framework once, reuse it in

later courses

« Enables more advanced course projects

(tapeout a chip in 1 semester)

37

For Education

Custom SoC
Configuration

¥

RTL Generators

RISC-V
Cores

Accelerators

Multi-level
Caches

Peripherals

Custom
Verilog

[

v

\

RISC-V
Software

RTL Build Process

Intermediate
Representation

y

Computer
Architecture
Class

FireSim
Transforms

y

VLSI

Process
Technology

Transforms

A 4 \

A

y

FPGA-
Accelerated
Simulation

N

Software
RTL
Simulation

Automated
VLSI
Flow

Special Topics
Classes

Digital
Integrated Circuits
Class
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Berkeley Engineering students pull off novel chip design in a single semester. The class shows successful model for

expanding entry into field of semiconductor design

Berkeley engineering students pull off novel chip

design in a single semester

Class shows successful model for expanding entry into field of
semiconductor design
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Taping-out Chips in Class

Spring 2021 Spring 2022
* 18 mostly masters/PhD » ~40 mostly undergrads
* 1 mm2 TSMC 28nm

* 16 weeks from architecture to tapeout

2 Xx 4 mm? Intel 16nm

16 weeks from architecture to tapeout

* BLE mixed-signal loT chip BLE mixed-signal loT chip

Heterogeneous RISC-V SoC for sparse-
ML and ISP

ee290c 2

& ,V§=>iing 2021




CHIP For Research

* Add new accelerators for emerging applications

* Modify OS/driver/software

e Perform design-space exploration across many parameters
e Test and evaluate in RTL-simulation, FireSim

e Tapeout using HAMMER VLSI flow

* Best paper nominee — OverGen — Chipyard-based

40
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CHIP Community

Documentation:

e https://chipyard.readthedocs.io/en/dev/

* 133 pages

* Most of today’s tutorial content is
covered there

Mailing List:

* google.com/forum/#!forum/chipyard

1. Chipyard Basics

2. Sim

Open-sourced:
e All code is hosted on GitHub

* Issues, feature-requests, PRs are
welcomed

nulation

3. Included RTL Generators

4. Development Tools

5. VLSI Flow

6. Customization

H ucb-bar

<> Code

¥ master ~

chipyard

Docs » Welcome to Chipyard’s documentation! Q) Edit on GitHub

Welcome to Chipyard’s documentation!

. FCHIP

Chipyard is a framework for designing and evaluating full-system hardware using
agile teams. It is composed of a collection of tools and libraries designed to provide
an integration between open-source and commercial tools for the development of
systems-on-chip.

O Important
New to Chigyard? Jump to the Initial

Repository Setup page for setup instructions.

[\ Notifications Y7 Star 500 % Fork 258

Go to file ¥ Code ~ About



https://chipyard.readthedocs.io/en/dev/
https://groups.google.com/forum/
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‘ H I |'n Community-
F friendly

Multi- Research-
purpose friendly
An open, extensible research and
design platform for RISC-V SoCs
e Unified framework of Beginner- Education-
friendly friendly

parameterized generators

* One-stop-shop for RISC-V SoC
design exploration

Docs » Welcome to Chipyard’s documentation! €) Edit on GitHub

Welcome to Chipyard’s documentation!

. FCHIP

Chipyard is a framework for designing and evaluating full-system hardware using

e Supports variety of flows for
multiple use cases

e Open-sourced, community and
research-friendly

agile teams. It is composed of a collection of tools and libraries designed to provide
an integration between open-source and commercial tools for the development of
systems-on-chip.

O Important
New to Chigyard? Jump to the Initial

Repository Setup page for setup instructions.



