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PULP(Parallel
Ultra-Low Power)

https://pulp-platform.org/

FETH (F2—Y v BEF
THRAF) ¢HhE—=v
ﬁ?ﬁ%ﬂfﬁ@fu%
| BIESEEE S -
A 2
RISC-V SoC 77 v b
74—L] T, loT - I v
%ﬂl_yi*ﬁﬁb v
E“Wtéﬂi=7w7c:
—F¥T7 7T ¥

RISC-V Cores and Vector Units Peripherals

RISCY | Zero R Snitch ['Spatz 8 Ariane JTAG

CV32E] Ibex CVA6 UART

RV32 § RV32 § RV32 RV RV64 DMA

MEMEMAEM

interconnect

A | R5 H{R5 F R5

= Neluster
Single core Multi-core
* PULPino, PULPissimo * OpenPULP

A | R5 [ R5 [R5

~ Ncluster
E Heterogeneous, Many-core
e Hero, Carfield, Astral

Cheshire ControlPULP Occamy, Mempool l
Accelerators and ISA extensions
XpulpNN, ITA RBE, NEUREKA REDMULE
XpulpTNN (Transformers) (QNNs) (FP-Tensor)



https://pulp-platform.org/
https://pulp-platform.org/
https://pulp-platform.org/
https://pulp-platform.org/

Al > 734 Z [ Deeploy|
https://pulp-platform.github.io/Deeploy/

e [BIEBHTNA X TEFROAIZEN T 7-HOXRERI /(5

kDA RA FHEICEBRESH (CNN) 2R E L TW DIt L, DeeployldTransformer/NEEEEZEE T L
(SLM) %, Ny T U—BRBIONSHT v 7 TRITT 5 2 L ICHE

Comparing TinyML compilers

» Deeploy achieves SoA performance
» Benchmark TinyML workloads

» Emerging Small Foundation Models

» Deeploy supports your MCU platform

* ARM, RISC-V, Accelerators, emerging memories, NUMA, ...

Supports Supports Supports memory-aware Open and
Embedded Tool Name | i formers? | Accelerators? Tiling? extensible?
TensorFlow Lite )4 X b 4
STM Cube Al b4 b4 X X
GreenWaves NNTool )4
Dory b4 X
Deeploy

ETHziirich (& twassnsgs: 30.09.2024 13
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« Kraken
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« Siracusa / Vega
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http://asic.ethz.ch/2024/Basilisk.html

Basilisk is a complete Linux-capable SoC

* 64-bit RISC-V core

* Rich peripherals:
* HyperRAM controller @154MB/s
* (C2C AXI-Link @77MB/s

* Automatic boot via scratchpad

TR
b . Ref CI
a0 \ S:s Clk

Power o Reset ""-'cé'é- -" ()

arxiv.org/pdf/2505.10060

ETHziirich & & Sumsnsess

Cheshire
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Al Foundry

https://aifoundry.org/

« Roman ShaposhnikE %
& > T20234 (23T H
iTons: (24 —7

ET PLATFORM 7 INFERENCE FRAMEWORKS ~  RESEARGH IN QUANTIZATION ~

N Z O) A | / \ » -7 ET is an open-source manycore ASIC platform for ET backends for various modern inference A community research project to investigate
/ I ) parallel computing acceleration. frameworks. data—free quantization-aware training.
/ \/ 7 '\ I 7 I )7 %{\t /—\ E * ET Platform is a RISCV, manycore architecture * ggml/llama.cpp * Quantization Aware Training
! \) Ll |:| = * The ET SOC1 contains 1088 compute cores (called * tinygrad * MHAQ

minions) * onnxruntime * tinyMHAG

JL ~ ~
ﬁX J Z > N \/ I) | / * Each minion has two rv64imfc RISCV HARTs with

~ _/\ N vendor-specific vector and tensor extensions
(RTL) D o#Emmy — e
i T\\ % :E' \\/\\ l — )b{t [_/ N . E:::::a‘e]d under Apache License, Version 2.0
—_ = > N P
O 2714 FETHE
52 BRE LTH
LWAIA>YTZ7RENZ7T
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7oL —2F 7 ()

VR bULL

M cor e What is ET?

Minion overview The fully open source Al-aeeelerater manycore platform.
. L1 Scratchpad
« Vector Processing Unit (VPU) FE Int Pipe | o8
8 lanes, 32 bits per lane
IVPURF} {VPURF‘ {VPURF‘ {VPURF‘

1 FMA unit, 2 IMA unit, 1 INT unit, 1 TRANS unit

Extends the RISC-V FP registers from 32b to 256b [ ] [ [ ] ] » Based on Esperanto’s ETSOC-1 chip.
Each FP register is like a vector with 8 elements of 32b each < < & <
Related custom extensions: 2 £ 2 2 * 1088+ RISC-V cores with custom vector and
Packed Single (PS) = FP32, memory and compute operations tenSOI’ aCCG|eI’atI0n at 300'800MHZ
Packed Integer (PI) =¥ Int32/ulnt32, compute operations — — — —
Atomic (AMO) ¥ PS and PI AMO operations I VPU RF ‘ \ VPU RE I \ VPU RF I \ VPU RF I « 40W Consumption, no external power needed.
Tensor = Memory, FMA32, FMA16A32, IMABA32, QUANT, REDUCE — — —
operations MA MA - . . .
. ’ * Ainekko is open-sourcing it under the Al
ome logic implemented in MMI (hand-tuned) a a «
3 s 3 s Foundry umbrella.
I Y] Nt Y Y (Nt
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https://github.com/aifoundry-org/llama.cpp/

Description

The main goal of 1lama.cpp is to enable LLM inference with minimal setup and state-of-the-art performance on a

wide range of hardware - locally and in the cloud.

* Plain C/C++ implementation without any dependencies

* Apple silicon is a first-class citizen - optimized via ARM NEON, Accelerate and Metal frameworks

* AVX, AVX2, AVX512 and AMX support for x86 architectures
1.5-bit, 2-bit, 3-bit, 4-bit, 5-bit, 6-bit, and 8-bit integer quantization for faster inference and reduced memory use
Custom CUDA kernels for running LLMs on NVIDIA GPUs (support for AMD GPUs via HIP and Moore Threads
GPUs via MUSA)
Vulkan and SYCL backend support
CPU+GPU hybrid inference to partially accelerate models larger than the total VRAM capacity

The 1lama.cpp project is the main playground for developing new features for the ggml| library.

¥ Models
Typically finetunes of the base models below are supported as well.

Instructions for adding support for new models:

Text-only

LLaMA

LLaMA 2 o
LLaMA 3 o T
M 7B
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ully de ed!
successfully computed the valuell

« Chip-Chat (NYU)
e https://arxiv.org/abs/2305.13243
e https://github.com/MJoergen/ChipChatData

* VeriGen: A Large Language Model for Verilog Code Generation
 https://arxiv.org/abs/2308.00708

. : : T Verilog Source Test Benches
https://github.com/shailja-thakur/VGen C’% S —Q| >

Model = ccepte(_:l I|
Training Corpus =: Completi
</> A

</>

Fine-Tuned p>»Code Rejected
Model ompletiongl! [Completion

o4O
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ALIGN (Analog
Layout, |
. ALIGN ALIGN: Layout generation from netlist > GDSII
Intelligently
G e n e ra te d fro m ( [_oPEN-source | ALIGN Layout Generator ]
“TFL) et POK[ ey |
Apm §§ “ oo B
CORE LAYOUT GENERATION ENGINE output

Smmem | [k
: : g BT
Input: Netlist Electrical Primitive Block assembly
Unannotated auto- constraint layout (placement, GDSII
annotation generation generation floorplanning, routing)
PKG/PCB ngpcs

https://align-analoglayout.github.io/ALIGN-public/
netlist
Machine learning models

\_ [

Proprietary ]

DARPA IDEAZ AL =27 F&E®D
F—7y—XBFH7T AT
LA 77 MERY —IL
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SAR ADC Block Diagram
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O p e 1 FAS O C Our Cell-Based Approach to Analog Design

(Open-Source
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X
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Oifeential switched copacitor (L] Oifferentis T State e (PLL) (emp)
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IEEE SSCS Chipathon

IEEE SSCS (Solid-State Circuits Society) AEET S “—T7 >V —X ICKt/N\v HhHY V" T
GF180MCU 7z EODZL 7°‘/ PDK #{EW\, HRFPOSINELNF—LTTF AT/ T XILER
7 iRET L. sw=ARAYIC TT I NETEDDIHE - ExA N> b
° 7_——'7
e 2024: "Automating Analog Layout"
OpenFASoC/Glayoutx BBW/=7' 0725 2> 7I&BL 477 FBEIAER
RETHR: AL I T — BEEBREE (Op-amp) . EEV 77 LYy RBEDEARTFAT 7Oy Y
« 2025: "Blocks & Bots: An Open Chip Playground augmented with LLMs"

MOSbius-style Chips: 77 A7 FPGAD & 574, YA ZLREERT7FAT - 777Uy T « FvTDHKE

LLM-driven Digital Building Blocks: LLM (ChatGPTZ) #AHW7OryShzry=7U > 7icky, 72 %LEE (Verilogd) % BEI4ER -
REEd 57 0 —DREE

Al/LLM Enhanced Analog Automation: GLayoutz /ZAR L. BASREICLDERNOTF AT L AT 7 b aERT 2EMOEEL



Chipathon 2023 MAXdU =L\ &

“lab bench on a chip”
,E'IE%E’&'?- /7°J:L$JZ13“'CL$&5'D

11 Chipathon2023

TG DOBERIT I
i@HK?*A%Fﬁ

RDELVAEZET B E “AnalogDiscovery2 on a chip”
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Chipathon2024

E ( GLayout Components Plan - Chipathon 2024 | v¢ &

74

BE F=x BA ERrER T4

° Eﬂlﬁ
7~ QA o e & T 100% -

E9 -~ &

. Fifty-Niftyz R— X (ZAlIC & 2 B &)
ERRETTS ==

9 SemiCon

B

Group Lead

A.Enes Turan

c

Group Members

W)L MEREEEE AL

70#. v -[10]+ B I 5 A% H

Project

Transmission Gate
Common. lifier

[ ] 'j/— — _[A 7(§ }ﬁ &b sayenp

Yuta Shiomi

M.Yamada
Bo-Yu Tseng

Transmission Gate(15)

o 2~3ZD/NBREF — L

c HRAF—L 1 2F— L
« DAC : SaltyChip7— L

11 Mahowald-ers

Saptarshi Ghosh

Saptarshi Ghosh
Sudansu Mishra

MIM Capacitor
Current Mirror(8)Re:

Regulated Gascoded Current Mirror
Cascoded Commeon Source (12)
Regulated Cascode (48)

pA current Source (25)

Ref: DOI: 10.1109/AE54730.2022.9920096

Current Mirror (8)

« LNA @ ISHI-Kai LNAF— A

Voltage Reference & Current Source (
https://github.com/atuchiya/DC23.] ; )

Miyahara Comparator (Clocked Comparator with Offset

12 GClonky J. Clancy J. Clancy Differential Pair(9)
Tunable Resistor (39)
Gilbert Cell (56
Low noise amplifier(23)

& SHiKaiLNA  Noritsuna Imamura -
. . Eva Deltor
14
MicroNinos Eva Deltor All Abdul

Compensation) Requires: Diff Pair, XCP, Charge Pump, refer to this

Cells

©
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4
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KLayout 0.28.17 - 6bit DAC_MIMCAP_Array.gds [6bit DAC_MIMCAP_Array]

© bon(600,3566 1680.3626) 0n Metd.drawing - 71L/20 in SbIL_DAC_ MIMCAP. ATTayAmimcap_aT/siraig

Chipathon2024
SaltyChip 7 —

ip# python mimca

% yow Gookmarks Deplay Took Wacres
B P

Select | ove  Pus

G seiected: beui 566639 362676720 00

N

o IZITERENTE

then SAMEE

FERETE W

]

—

multipliers = 1

b

W T

e

When making pcells where the multipliers, fingers, and other transistor properties are parametrized, make sure
the design is clean under different values for these paramelters. $IEEE

multipliers = 2
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OpenTITAN

https://opentitan.org/

« 2019118 1CGooglett A EE |,
JE=FHER [lowRISC| AN EET
Ko [ZellERAht
¥a2U74 - Fv7 (Rootof
Trust: RoT) | %#EBH4—7
Y—X -7AY Yk

2026 FIRTE. H7 D HRERFE
I Z . Googlett d
Chromebook¥ T —%&t > & —
Y —/"—_ & 52K HEAA
FyvTOFa )T HEEBE L
TERBAMAN AR

SoC Integration Wrapper (chip_darjeeling_*)

OpenTitan Integrated IP (top_darjeeling)
Hi-Speed Domain

Interrupt ROM

Ibex Core Controller Partitions 1/2
(RV32IMCB) T+ %+
: Shared
Main SRAM
DUAL LOCKSTEP Mailbox SRAM
1 |
Main TL-UL
Crosshar
| | | |
OTBN KMAC EDNO/1 CSRNG
| | | |
Key Manager Debug
DPE LMAC o= Module
) 4 L 4 ) 4 4 1
DMA SoCProxy  9xMailboxes JTAG Mailbox
T4 4
Mbx TL-UL Dbg TL-UL

Crossbar Crossbar

Low-Speed Domain

Timers 32b|t GPIO

Retention
SRAM I‘ 1x SPI Device
1 x SPI Host
Peri
TL-UL
Alert Handler Cross 1 x UART /

bar x12C

OTP (Fuse) B

Controller

SoC Debug . Sensor

Controller Control
Life Cycle W Pwr&

Controller Clk/Rst Mgrs

DMA System 'S
Egress l
Access Ctrl
I Range RACL
Alerts Check Control
JTAG TAP Analo.lguiensor
:i:::::_: CTNTLUL I i
et Crosshar
CTN Sl L — - i
Ingress / 4 s el ) < | [FElin
Egress Shared CTN 1 Shared . Shared [N
SRAM i Peripherals Pinmux H ’[D |Qispl
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, | SR, S
~1 Ghz ~250 MHz : Not fully implemented yet | External | | External SPI |
. """“"_- ______________________ ! Peripherals : [ Flash :
62.5 MHz Logic Only | Newly (in rev2) developed IPs l B '
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Chipalooza

https://github.com/efabless/chipignite-
resources/blob/main/design-ip.md

chipignite-resources / design-ip.md

318 line c) 41.1 KB

Preview = Code Blame

N ~ Fo V) = _ ' '
* era b|eS§:]J<i\75 I:I:I Y : ) 9::75& L 72 - Available Open Source Analog & Mixed Signal IP
[ F=T >y —ROT7FAJIPTaY
* Pha ck bop (PLL): A PLL is a negative feedback control system that generates an output clock signal whose phase is related to the

phase of an input clock signal. A PLL can be used to multiply a low-frequency external reference clock (generated by a crystal oscillator) up

— = — N~ N ~ —
AT L BERENICERT /OO T
N to the operating frequency of the processor.
Ak AxY ] y
o e L external voltage reference.
« IR BT —77 7 b X TIEENE Lty
é *L f: 3-bit SA C: 8-bit Successive Approximation Analog to Digital Converter with offset calibration.
GR: 1V Bandgap Voltage Reference.

.7V Bandgap Voltage Reference.

* C h I p FO un d ry I O 7b§\ % I % %l% b A -(\\ L \ %) ‘- V LDO: 100mA 1.8V Low Dropout Voltage Regulator.

R

: A 10-bit potentiometric DAC with 3.3v analog voltage, 1.8v digital voltage and 1 off-chip

: A 10-bit potentiometric DAC.

C: Voltage COntrolled Oscillator Based Analog to Digital Converter

2-stage, frequency-compensated OpAmp
General-Purpose OpAmp.

: Digitally Programmable Gain Amplifier.

Available Open Source Digital IP

H ontroller
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