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System-on-Chip?
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System-on-Chip

» ’Integrates all the components of a computer into

a single piece of silicon”

«  Computer:
- CPU
— Internal peripherals

— Interfaces
*+  Memory
+ Storage
« 1/O
* Radios
— Accelerators

—  Shared memories
- DMAs

C
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Qualcomm® Snapdragen QuOlCON\M

System-in-Package snapdragon

SPECIFICATIONS & FEATURES

WiFi ANT2
ANTI ANTO MMO  WiFi/BT/GPS

CellularRx/Tx  Connectivity
WTR + RFFE

= : ¢ O

Leorae < Steren / Audio
- Ri ke
% Acosleromater Ambient ight
Dual SIM Geomagnetie  Hepties
MSM / Processor » | ow o
Pressure Fingerprint
LED/flash @ Charging Memory Proximity Ethemet

/PMIC (RAM#Flash} Temperature

Battery 2 |

Buttons =+ UART.GPIO, JTAG. 12C

= Y v @ ¢

USBHS  SDIO  Vibrotor Touch DuclMIPI Camera

Modem Display

* Primary Full HD+
) Mbps, 2xCA * One 4-lane DSI

k, up to

- Cat13 uplink, up to 150 Mbps

- 64-QAM UL

- Gue ™ All Mode
-+ Que * Upload +

Connectivity

loc Multi-User MIMO

Location teck

CPU
- BxArm Cortex AS3
- Uptol8GHz
- l4nm Charging

Video

Qualcomm® Quick Charge™ 3.0 techn

DSP FHD+ @
Qualcomm® Hexagon™ 546 DSP ReemmGny

Audio - eMCP (SDRAM+eMMC), LPDDR3

GPU

8 GB RAM + 32 GB ROM
- & GBRAM + 64 GB ROM

* Qualcomm?® Adrenc™
- OperGL ES 31, OpenCL 20 Ful

https://www.qualcomm.com/products/mobile/snapdragon/smartphones/snapdragon-system-package



Apple M3 family
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® CPU4E-cores sLC n | CPUBE-cores SLC CPU 4 E-cores
. 128-bit LPDDRS | 192-bit LPDDRS

512-b|t LPDDRS
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e Find the differences befween these
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Cost of scaling

«  ”Same internals, more of .
everything”— more than copy-  [Rald SR 1nl1}Y

pasting TSMCN3B (3nm)

. Area:
>  Price
>  Yield

»  Packaging (Pins)

* Interconnect:
» Increased area
»  Complexity
»  Arbitration, bottlenecks

* Power: & CPU 4E-cores SLC . " CPUB E-cores SLC
>  Switching power )  128-bit LPODRS 9  192-bit LPDDRS
Leakage current i
Power delivery
Heat transport

YV V V

(
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AMDZ 3D CHIPLET TECHNOLOGY

Structural silicon

64MB L3 cache die

Direct copper-to-copper bond

Through Silicon Vias (TSVs) for
silicon-to-silicon communication

Up to 8-core “Zen 3" CCD

A PACKAGING BREAKTHROUGH FOR HIGH-PERFORMANCE COMPUTING

AMD 3D V-CACHE PROTOTYPE PICTURED

Is this a Syst Chip?

S s a scystem-on-Cnip :

C Tampereen yliopisto /Source https://wccftech.com/amd-confirms-zen-3-ryzen-cpus-with-3d-v-cache-stack-chiplet-design-coming-earl)
Tampere University
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SoC vs CPU/microcontroller

« Microcontroller: a lightweight SoC, typically:
— Interfaces useful for sensors, ADC/DAC
— Integrated memories (volatile & non-volatile)
> Low power, cost-effective for simple applications

« CPU: Not self-contained //
— Requires additional chips (chipset, memories)
» Performance-oriented design

 ALL: Produced in an ASIC process

» Focus on different challenges, but same design
. tools

= Tampereen yliopisto
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DRAM INTEGRATION IN 1MMZ HEIGHT

3d integration

« Old challenges on a new level (FovERos
» C2C interconnects
» Power delivery ~ Pacuast

» Thermals
» Mechanical

Heterogeneous
Integration \

\f

Mam TR Ultra-
System in 2.5D-C (Y I 11111 High-Density :
Package (Silicon/RDL Interconnect RDL Silicon 3D System-on- Co-Packaged
(SiP/IMCM) Interposer) Bridges (FOWLP) Stacking a-Wafer Optics
I o o o U o o -
1990 2010 2012 2015 2018 2020 2022

C

Tampereen viionisto https://semiengineering.com/mechanical-challenges-increase-with-chiplet-integration/
Tamgere Un)i/velPsity https://www.tomshardware.com/news/intel-lakefield-foveros-3d-chip-stack-hybrid-processor,40205.html
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TAU FPGA-accelerated cloud: Herz des Raspberry Pi 4: Broadcom BCM2711
IPsec accelerator |

NAanfidAantinl /QY)

Das System-on-Chip (SoC) BCM2711 vereint nicht nur vier CPU-Kerne mit einer GPU,
sondern enthalt auch Controller fur viele Schnittstellen.

neue oder stark verbesserte Teile LP(?%Rjggﬁ‘:;w HDMI 2.0
beibehaltene Teile Csi Dsi FIRLAN 210
Broadcom BCM2711
VideoCore VI (VC8)
) 3D-GPU LPDDR4- | H265 VP9 |H.264 |JPEG||kamera| Display-
..... ¥ A \ . 4x ARM Cortex-A72 ) SDRAM- | de.f dek. | lded ded Engine
: [ Controller ' enk. (exp.) = enk enk Composite
2% (0 | D MMU ! L
L2-Cache: 1 MByte : : ; DPI
MMU L2-Cache Maibox || vPU| DMA || 1sP
128 KByle || (VCHIQ)
ARMNC MMU 4-fach ass.
AMBA/AXI-Bus
PCle2.0x1  Gigabit- DMA|| USB| Timer| 2x 5x 5% Tx AUX |/ soio |[PCM/| 4x
Ethernet- 2.0 SDIO UART @ SPI  EC 2% SP| | [legacy) ES | PWM
MAC (Arasan) (PLO11)
Control plane (B 7|—1
Ethemet |e] SDN/User GPIO Multiplexer
logic control .
IPsec USB 3.0 Ethernet PHY WLAN+
Enc & (VIAVL805) (BCM54213PE) Bluetooth
Dec (CYW43455)
Manager
Data plane Sans | |l
" 2x 2x RJ45 USB-C pSD-Card SPI-EEPROM GPIO-Pfostenstecker Audio-
F":?' H Packet client | | [ Encrypt USB 3.0 USB20 oTG (DDRS50) (512 KByte) Kiinke
optics

€ Mg G Comrpussrischnik 2018

Are there differences in design process

‘) i D@ EWEOCN these?
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Digital IC design process (ASIC)

@ 3 , & @
& S o R S , o S o
‘t-’é{\ & & & & & '@Qf-\\’ R . \-OQQGJ\\ & g &
X & LW T SR S S SR g o * ) &
S s i ~ P & &L i A PR e > N N AN
o & VS A A R e’ Q T N
? : P 1 .
' . High-level Micro
! . High level , ;
1 Modeling 1 |Requirements G Architecture || Architecture
' Specifications|| Specifications
“__[Analog circuit
2 Analog/Mixed signal design -‘ d,fg,;mi
1
3 HDL codes
4 Netlist ‘ ‘ Tool scripts L
S Physical design ‘ GDSH layout
6 Verification and virtual prototyping VP setups
- . . and Tesicases
N . . "~ V|[FPGA design &
7 / Emulation and FPGA prototyping | testbenches
1 1
8 T . Package and Package and
— PCB design PCB
—
9 “Manufacturing | Packaged IC
z
1 H ]
10 Sample test - Sample " [ Sample
planning /" testing /| testing report
Firmware,
11 Hardware Dependent SW > BSP
T T
' : : Physical IC
12 HW/SW Integration and Validation product
L H T T T
13 Application SW development Demos

C
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ASIC Prototyping on FPGA vs ' FPGA
Design

« Clock source
— ASIC: clock muxing and
gating logic
— FPGA: Ready clock tree

Gating structures not easy to
implement

* Memories

— ASIC: RTL models mapped
to SRAM macros

— FPGA: On-Chip SRAM
cells, configured in Vivado

« Fast I/O interfaces s 5 5 S
— ASIC: Analog design o 32‘5::0;::3{‘
projects (Custom macro) | A ' :
‘ — FPGA: hard macros on chip|

= Tampereen yliopisto
Tampere University
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Digital IC tool flow

2 Fast
« When you go further, éﬂodelingand specification 100 ——> Floor planning | |
debugging becomes more ’ dl Power planning
) RTL design I
palnfUI z Simullation Placement g
Coveraagnealé:yrl?stest result Clock treeI synthesis %
. [ Slow I
« Each change triggers a new : [, loop Routing
IOOp |terat|0n { Statictiminganalysisv
1 Logic and DFT Synthesis
° Commer‘C|a| tOOIS are & | Gate-level simulation | Q-
. = RTL-to-gate netlist el &
eXpenSIVG equivalence checking

Y
Qualified
RTL

C
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The 2022 Wilson Research Group ="
Functional Verification Study

« Research done biennially

« Focus is on verification, but
summarising the relevant parts

FPGA

Group Functional
Verification Study

Programmable SoC FPGA

‘ 2022 Wilson Research

Gate array

Embedded array Pr0|ogue.' o . v s
Standard cell i Ty

Structured ASIC

Structured custom
H .
100 Qe o« N
.. .
SIEMENS °

Full custom

Other style
0% 5% 10% 15% 20%

2024 Study Participants

Figure 1. Study participants by targeted implementation.

( 2024 Wilson Research Group IC/ASIC functional verification trend report

= Tampereen yliopisto
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40%
84%
One or more cores
30%
a
(5]
2
g
o
63% :
‘w 20%
[
Two or more cores [=]
Q
7
£
10%
10%
Eight or more cores
0%

0 1 2 3-7 8 or more

m2016 w2020 w2024

Figure 10. Number of embedded processor cores.

r 2024 Wilson Research Group IC/ASIC functional verification trend report
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Designs with Al accelerators and RISC-V cores increasing

2024: 59% 5%
32% 0%

ASICs with Al Cores 25%
0
o
-% 20%
o
2024: 58% | & ..
@
[m]

30%

ASICs with RISC-V Cores 5%
0%
Al Accelerator RISC-V Processor
Designs with Al Accelerator Cores and RISC-V Cores
= 2020 = 2022
Source: Wilson Research Group and Siemens EDA. 2022 Functional Verification Study
Unrestricted |© Siemens 2022 | Functional Verification Study s‘ EM ENS

r 2024 Wilson Research Group IC/ASIC functional verification trend report

= Tampereen yliopisto
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ASIC design language adoption (DUT)

80%

70%

60%

50%

40%

30%

Design Projects

20%

10%

VHDL Verilog SystemC SystemVerilog CiC++ OTHER Design

ASIC Design Language Adoption
u 2014 u2018 2022

0%

* Multiple replies possible
Source: Wilson Research Group and Siemens EDA. 2022 Functional Verification Study

Unrestricted | ® Siemens 2022 | Functional Verification Study SI EM ENS

C
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Snapdragon 8 Gen 3

Nvidia AD102 (RTX4090)

‘ Differences between designing these?

= Tampereen yliopisto
Tampere University
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Design Targets

Snapdragon 8 Gen 3

 Power challenges and area targets

* Mobile SoC: heterogeneous Autdia AD1a2 (XT:4090)
— Multiple different CPU cores and accelerators

— Power optimized: battery-powered
» Most of the chip sleeping while powered on
* When to wake each element?

 GPU: homogeneous
— Bandwidth limited: each element needs data written via PCle
* PCle interfaces and GDDR memories evolving
— Challenges: Internal interconnects, memory architecture

— Power limit: Heat

C

= Tampereen yliopisto
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SoC Hub

o oEREEImIIiiIIaIIINiL

Finnish consortia and research R \)«x\) SRR

center at Tampere University B _ﬂ'-_ T g

« To date 120 contributors from8 § QCDP\Q%WL\, B arattlitiiiiiiicoeatents
partners o Sl

Objectives o it g
New collaboration model "' ‘
Big SoCs £ -h i
Industry quality

pp T T L LA

o R P i Y T e

Y 7\ L\

SoC per year LZIN) -
Full design flow ) /5/
Agile design approach ot

dhees o @V NO<IA VY
g ; _ C
oG procemex &> Wapice  [&4CARGOTEC

Tampereen yliopisto
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design competence

SoC Hub Chips

» Phase 1 completed: Ramp up fabless

* Next: Lead and meet the (industrial) need

Pipe cleaning

Ballast
15mm2
256 PGA
130M
transistors

TSMC 22nm
2021
C

IP development

Tackle
2X 4mm?2
88 QFP

2022

= Tampereen yliopisto

Tampere University

SoC Template

Headsail
25mm?2
624 BGA
340M
transistors

i i
IRTALILES

2023

IP development

Bow
(tapeout
readiness)

2024
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| | 25BkB RﬂMl BootROM |

54t 338
periah

[(Axi2aPE |
O I T

|| GFG [ ) |
i | PLIC || Timer || GPIO || @SPI [UART|,
'| Reg i 2 1| Module

Marian _____ _ _ _ _GPIO USPI UART _ JTAG _
RISC-V
Debug iﬁﬁge omem ||| mem
(JTAG) Hhex
i f ¥ ¥ f f

Combinational System XBAR (OB)

Comb. Cut | Comb. Sut + COC

‘ Petipheral Demux {(AFB) |
QBI-AXI T
Interface
‘ CLIC ‘ ‘Timer| |UART| ‘GP(O
2025 2026

|
|
|
< v i 1me >i
|
|

Marian Vector CPU

+ Extends CVA6/ARA
(RVV 1.0) with
ratified vector
cryptography
extensions (Zvk) for
AES, SHA, SM3 &
SM4 bulk crypto

* First open-source
vector core with Zvk

Real-Time Core

IBEX fork

Core-Local Interrupt
Controller (CLIC)
compliant

Custom Hardware for
accelerated context
switch

2027



Ballast architecture

CVAG6 2-core 500MHz

CV32 490MHz
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IBEX 30MHz

‘ﬁ " legend ! SoC top
‘ CPU : HPC sub-system * MPC sub-system T. LUsysCtrlsubsystem”™ T T T T T T T T Tttt Tttt ",
! i :- RISC-V RISC-V - o T g GPlo | -
. Timer/WD ITAG
- . ' APB )
: o i . Clk&rstctrl Llan;l Lmru?l o Ckarstan SR UART s HEELY e
v - cvaaeaop  UOMA L APE .. IBEXRV32EC ~ DMA T )
I : L2 Cache 32bit CPI
. . « | Card
Interconnect ! . '
: (IcN) I R 2c Do SPEM bt
. : M ICN 32bit - i :
! il . NODE ICN 64bit AXI i Sty ! - Memory ICN 32bit .
| - . .t sbiIo ., Global Clk & rst ctrl |
i : . ¢ T ¢ ¢ ¢ i . Private Private Interleaved . BootR Private Private .
L c o . Timer DET;\SG CLINT | PUC | SRAM .t SRAMO  SRAM1  shared SRAM SHAH . COtROM spamo  SRAM 1 - .
I = Sub-system i . . .
| - s s s s ow . “s = = = = = = 3 ® ®E ®E ®m o ¥ W N OE ™R o oo oEow alw (a0 A T I T T T R T * .l s 2 = = = = = = = % = ®w s ®w s/ ®w s = w = w o= w = *
e
| . c2¢c sub-system
ey | 3 z AX
| 'c2C 400MHA AXI 64'1.2GHz AXI 32 637MH 1 32 166MHz
,,,,,,,
SDRAM co-FPGA . cac| | Remap | . HP ICN B AXIG4to32 LP ICN CFG ICN
. " 64bit AXI 32bit AXI 32bit AXI
: : <« AXI32to64 -—
SDRAM . .
Ctrl cac . Clk&rstctrl * A ‘ ‘ T
Al sub-system l * JEth sub-system * -DSP Sub- syste.m. I b
: Convolution Confi i - . .
. Core NI -t — . TTAbasedDSP  IMEM A
. " (o]
- i . Global interrupt router
oopave woa ower LG ET 1 25M H'Z s
. . Ethern bi
SDRAM Memory . . y . MAC ICN 32bi
Pooling Convolution = .-, . S SW interrupt generator
b Engine PDP Buffer . " p— |- Clk & rst ctrl
- . rst ctrl - -
. T T DMEM .
DLA 750MHz Ext RGMI Eth Phy DSP 600MHz
C Tampereen yliopisto
) Riiebet A 1/15/2026 |
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Ballast chip & board
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Tackle architecture

CPU

Component

Interconnect

|

!

|

|

!

Memory i
!

(ICN) |
!

|

C
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SerDes testing co-
FPGA

FPGA CPU

* C2C Serial
* sub-system

External DDR Memory ~d———

SysCtrl 30MHz

SerDes 2.85GHz
- Incl. 10 pad design

c2c Remap
> -~
.§DRAM sub-system .
. Clk & rst ctrl

LP-DDR1 Ctrl

Tackle .

Syl ubsysiein® © T Tttt )

GPIO

Timer/WD JTAG
UART
APB

RISC-V 32bit :
IBEXRV32EC ~ UOMA SDIO  t-»
SPI-M b

Memory ICN 32bit
Global Clk & rst ctrl

BootRom Private Private
SRAM 0 SRAM 1

LP ICN
32bit AXI

AXI 32 533 MHz

_. - LP-DDR2 Ctrl g:
. DDR2 533MHz

SD
Card

1/15/2026
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Headsail Architecture Technology v ULL ow

power)
Parallel C2C CVAG6 64bit * 25mm2area
DLA 900MHz DSP 1GHz SysCtrl 30MHz +  624pin BGA package
400/100MHz 4-core 1GHz . 340M transistors
7 C2CParallel sub- T _'HV;-_SUD-SVSIGI’" JTAG _'AI. V2 s.ub.-s;/séer:n R ; .D'SP.»vz. s:Jb.-s\./st.en.ﬁ o _'S;/sétr.l s.ut;-sx./st.er;ﬁ T ° . Approx 3MB of internal
External e - o (BEXRVS2EC) stAc | - 2o T Riscvieex G SRAM
systemeg. T - o 64b RISC-V Lo Post - Gy mem gm Qg Rv3EC UART «  up to 3GHz PLL (clock)
FPGA  —"  C2Coparallel CPU cluster (E : . Processing o Pl RISC-V CPU sub-systems
,,,,,,, : -] B MAcamay 2 JEE . omem B - | sDio +  4x 64b 6 stage RISC-V CVA
: Legend ‘ : Shared-coherent - ) Input buffer : : imeny jomen : Wlth Shared 512kB L2$
: cpu - - 128 - L. . ; - 32b 2-stage IBEX RV32IMC
‘ : e B m e gnng gt T T ‘ ......... Accelerators
i Memory : T L T . Deep-Learning Accelerator:
| s i & & on-chi SRAM 2x DMA 1GHZ 512kB buﬁer, IBEX control
- e ' 64b + 32b AXI 1GHz — P CPU, 6a6MAC amay
i . : -like core base
! - i | ‘ TR ‘ ‘ ¢ ‘ ‘ ‘ T T on the Transport Triggered
| mose | | | | y y § L owa o Architecture (TTA),
e e e, ! ) & & g Bank Eenl Bank Bank ; channel0  channel 1 openasip.org
D subsystem * ! * 4 ; ; 0 1 2 3 DMA Cfg demux Interfaces
fe .. . : O serialoubo T T "S.DR.AI:/I;UE)-s.ys.teIm. . JRIEIR I A SO I R SRR . . QSPI, UART, SDIO, GPIO
,,,,,,, system . . Eth sub-system 64b T Peripherals sub-system UART 0 . . Ethernet 10GbpS MAC,2X
External S " 1GETH 10GETH o) > AXABP UART 1 . 1Gbits/s
system e.g. : [ = ] A LP-DDR2 Ctrl - MAC+  MAC+ & AL SPI master 0 . +  Chip-to-Chip parallel: 16bit
oA . I : 2port  2port 3 : ide phy. With 3.2Gbits/
: = D oswitch  switch & . Appy| Eoblmaster . o ée pc¥o aII band <I1tshS
. . - . unidirection Wi
. © ooy - node  12CMaster /Slave . - Chip-to-Chip Serial. SerDes
"""""""""""" . 2xRGMIl 2xMDIO * * GPIO 85 - with custom Clock Data
¢ SRAM  <— Shared interrupts Reé:overy (CDR) & LVDS
SerDes 3GHZ .............. . . pads
External DDR Memory Peripherdls sull-syste . AXL_mux SW ctrl/status . . LP-DDR2. 533MHz. 16bit
32bit . < SPISlave 0 . DDR databus
<«———— SPISlvel . *  AXl4 crossbar interconnect
DDR2 533MHz e e e 64b and 32b

2x10G/1G ETH 125MHz

( 10
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eadsail chip & board

[ |
i B

TEMLC —Assanibly Lok
JIN: AZ3-11-164-1
Customer;0105/IMEC_EURD
Product: Tampere:Headsa
Part:TMRY3? C11
Lot IDT6T054.0041

 Bare Die | Q'ty(ea): 100
0A: 002567 Date:2023711/14
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d
2
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=
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-
i
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_ctrl_ss

I_dla_ss

%
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1
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SoC details
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Ballast Tackle Headsall
Sub-system Freq. Area (inc. Freq. Area (inc. Freq. Area (inc.
mem.) mem.) mem.)
HPC (CVA6)  500MHz 53mm? (2x NA NA 1GHz 7mm?  (4x
cores) cores)

MPC 500MHz 2,5mm? NA NA NA NA

(CV32E40P)

SysCtrl 30MHz 0,35mm? 30MHz 0,32mm? 30MHz 0,42mm?

(IBEX)

DSP 600MHz 0,95mm? NA NA 1GHz 0,74mm?

C2C Parallel 400MHz, los 1mm? NA NA 400MHz, los 1mm?

100MHz 100MHz

C2C Serial NA NA 2,85GHz 0,3mm? 3GHz 0,4mm?
(excl. analog (excl. analog
macros) macros)

Al: NVDLA 750MHz 2,6mm? NA NA NA NA

Al: DLA NA NA NA NA 900Mhz 9,4mm=

1G ETH 125MHz 0,7mm? NA NA NA NA

2x1G ETH NA NA NA NA 125MHz 1,5mm?

LP-DDR2 NA NA 533MHz 1,5mm? 533MHz 1,5mm?

SDRAM (excl. analog (excl. analog
macros) macros)

ICN+ DMA+ 1200 /637 2,37mm? 533MHz 0,9mm? 1Ghz 3,8mm?

Shared /166MHz (No DMA nor

SRAM SRAM)

IC package CPGA-255 QFP-88 BGA-624 1/15/2026

27
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SoC Hub tools

(5 -1 > SE IO - LD OG- QA QR D [ A gel] i
Fis S rm——r = oefgumion Too | Wnd LI v

 |P-XACT / Kactus2 m':" = |MM: |N e I | T [ = [
for modeling the —— o SRR T 5 o
architecture and e B - S ==
memory maps o 1 - = e
« Code generation i o =i =5
for RTL and FW B gzl s o= ke . :
development S 7
« 226 IP-XACT e - =
XML documents =S = ===
« Openasip.org DSP = . e
generator tools S ,,“ - =
» Keelhaul tool for p— . = :
verifying memory SEo= ;- == . =t B '
maps @SW & e R B = = 52
Cadence tools for L E e
phySICa| deS|gn _
:mm"::'m This design is the basis for our Headsail chip
r wm—-u—mm i

Tampereen yliopisto
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SoC Hub computing resources

Hardware
* 144 cores (6x 24-core Xeon-G 6248R 4GHz)
« 45TB RAM
« 16 TB SSD
Virtual servers for
* RTL design and simulation
* Physical design
» Gitlab CI pipeline runners
Example run times
» physical design from RTL to DRC checked GDS-II: 1-64 hours
* Depends on sub-system
» Executed ~100 times per subsystem x 10 subsystems
» Several months of CPU time per chip
» Headsail ~50k hours / thread / full run

C

= Tampereen yliopisto
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Movie bloopers

Ballast: DSP instruction memory enable signals inverted (human mistake with repositories)
Tackle: SerDes Rx not working (last moment changes before tapeout)

Headsail: CVAG is not able to boot Linux (L2 cache bug)

— Ballast _ Tackle Headsail
:l')s'P sub-systerfPIN " LT _ +  *HPC sub-system .. .G.
[ rAbaced b C2C Serial sub-system :64bi. . ‘ SA‘
: ] 64b RISC-V
ICN Address __° . CPU cluster »
Clk & rst ctrl c2c REmE ] and L1 '5
DMEM - - -

. =] Shared-coherent . -
Clic& st ctr - ) - L2& . i
L 4

'-0000-{

AK Yes, the openSBI runs to completion...but fails just before loading
the payload...The instruction being skipped here is MRET which is
[ Oct29,2024 % g KPP
=] Tampereen yliopisto one of the two bugs we are trying to figure out now

Tampere University 1/15/2026 30
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Edu4Chip

i

Developing aligned Master's course
programs for Advanced Chip Design

EdudChip The full chain from RTL Design to Tape-
Out and waking up your own chip

Tampere University: The new Advanced
Studies in System-on-Chip Design study

JOINT EDUCATION FOR ADVANCED  module E E

CHIP.DESIGNIIN'EUROPE

DT C d@@& 24

University e Saint-Etienne

=

i

https://edu4chip.qithub.io/ E

Edu4Chip - Joint Education for Advanced Chip Design in Europe is funded by the European Union. Views and opinions expressed are however those of the author(s)
only and do not necessarily reflect those of the European Union or the European Health and Digital Executive Agency (HADEA). Neither the European Union nor the

Funded by
the European Union

granting authority can be held responsible for them.


https://edu4chip.github.io/
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EDU4CHIP ”Didactic’: |So(: ﬂ!:emTplate

Interconnect | Students |

SystemControl S5 ésa i_obi_icn_ss iimtss wrapper  s5a
Staff area B— | Clock| | pmod_gpio
| Clock_int | [T | clock | B | Reset| | IRQ)
® SyS Ctrl L — W— reset_int| [irg
UART
: B | 55_Cil| | high_speed_clk j— 0|
® S D ca rd | spl|| El Feseticn | L=< [ 3pb_0 ey 2B [ high_speed_clk|
. L ———— L
o S h a red I OS . UART, ITAG ‘ ICN_S5_Ctrl ‘ L _|-| icn_ss_ctrl ‘
&e——— B GrO| i_tum_ss &
G P I O GPIO B | Clock| S warplp:r:md_gpm
o Reset | B | Reset| | IRQ)
‘Resat‘ -—# raset_mt| ‘qu‘
s :
Student area [Cloct] B Clock| [55_0_Cur| E—p | 55_Ctrl| [ high_speed_clk |
| 55_1_Ctrl | | 2pb_1 | (@@ P8 | | high_speed_clicj— 0]
» Subsystems to be e
plugged in i ~ =
. B—P | Clock| - “_ss_wnpr::nﬂd_gpm
(] APB InterconneCt 3 Reset s |;\Resat\ | \II‘RQ\‘
T = W— reset_int irq
. H.‘ reset_ss‘
M G P I O mu Itl p|eX6d - 3 {0 B |55 Ctrl [ high_speed_clk|
N. Q‘ | 2pb_2 | @@ P8 | [ high_speed_cli /0
leq_ll |ss_D_pmud_gpm

| ss_1_pmod_gpio

Open source Ere=r

| ss_3_pmod_gpio i_kth_ss_wrapper 3

« IP-XACT model XTI o = [emes st
. .—ﬂ rese't_mtl ‘ irg ‘
* Subsystem interface el [gn o]

te m plate a nd RTL [ 2pb_3 | APB| | high_speed_cli 0]

analog_wrapper 0 &%
b | Clock| | digital_gpio
b | Reset | [IRQ
B reset_int | Jirg |

(
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COMP.CE.250 System-on-Chip Design

Learning outcomes:
“After completing the course, the student can work as part of a SoC subsystem design team.

They know the common internal interconnects and external interfaces, and the usual phases of
the design project. They can analyze their design choices in terms of power, performance, and
area.”

Our target:
* Deepening the themes from Logic Synthesis, but not that much new content

« Practical experience on common steps & problems in modern SoC design

Side benefit:
 Acourse SoC that we could tape out to produce our own physical ASIC

« COMP.CE.510 Chip Implementation would continue from this design all the way to
GDSII that can be sent to the foundry (not promised on the first implementations, yet)

C
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Course Staff

Arto Oinonen
— Responsible teacher
— arto.oinonen@tuni.fi

Antti Nurmi

— Lectures
— Exercise project

other lecturers + project work staff

Contact:
— Mattermost channel preferred

C
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Tentative schedule

wk |Wed 14-16 |Lecture Exercise Ex opens |Deadline
Lectures: 3 |14/01/2025|Course info
° 1 St Perlod LeCtU res 4 |21/01/2025|SystemVerilog for Design SV Introduction 19-lan | 08-Feb
5 |28/01/2025|50C Survey SoC Survey
o 2nd peHOd S peC|a| tOplCS 6 |04/02/2025|Computer Architecture for System-on-Chip Design
By eXpertS on their eXpertlse 7 | 11/02/2025|Interconnects EX0: Didacticintro | 11-Feb
_ Tools 8 | 18/02/2025|Exercise Project Introduction & Practical SoC Development |Exercise project 18-Feb
9
- DeSign challenges 10 | 04f03/2025|Special topic
— Applications 11 |11/03/2025|Special topic
12 |18/03/2025|Special topic
13 |25/03/2025|5pecial topic
. . 14 |01/04/2025|easter 1. - 7.4. easter 1. -7.4.
Exermses.. _ ) 15 | 08/04/2025|Special topic
« Design project starts in 16 | 15/04/2025]special topic
February 17 |22/04/2025|wrapup
18 | 29/04/2025 EXAM WEEK
19 |06/05/2025 EXAM WEEK

Up to date schedule on Plussa
course front page

C
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Exercise project

*  You will |ntegrate your grOUp’s own v | [
IP on the Didactic SoC platform Core

Staff ICN DMem

* More details when it’s time to start JTAG Dbg Global

SN ICN
module
. _St:ff | Analog
eripherals
10 | Statt | Interconnect p [:> Student SS
1...N
UART SystemControl 55 ots N _ss I
B uarT =
P
ssssssssssssssssss .
S = 10 Cell Frame
"LIJ"{. £
"""""" Top_DTU_Subsystem_0 ate jpsystem with
e | . B T
1 Gl B reser —
§ Gro. | —a g 55 an 1,690
I 1 —a APB1 APB
GMO —q ®Q
ot foce 1R00 | —m
= RO1 | —
i e o p T S
B Reset
Reset 55 0|0—0 — 55 Ol
Reset 55 1 |B—0 T
Reset S5 2| —@
Reset 55 3 | Q—@ B—q =
e s
Student 553 s
—f O
B Fe
r 8 5o
= Tampereen yliopisto B "o
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Passing the course

« SoC Survey: must be passed
« Exercise project: 50% of the grade
« Exam: 50% of the grade

— Electronic exam at the end of period 4

« 30p->1
e 60p->2
« 7/0p->3
« 80p->4
« 90p->5

= Tampereen yliopisto
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Prerequisites

1. Basic knowledge of digital design with HDL
—  VHDL (or Verilog) experience
Understand the challenges

>
»  Understand SystemVerilog concepts
» COMP.CE.240 Logic Synthesis or equivalent skKills

2. Recommended: (RISC-V) CPU architecture
»  COMP.CE.130 Computer Architecture or equivalent

C
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First task: SoC Survey 27.1. - 30.1.

1. Sign up for a group in Moodle

. Exercises are done in 2-3 person groups

2. Summarize the content of a GitHub repository assigned for your group
— 5-10 minutes: 2-3 slides is enough

*  Options available:
— Open-source SoC platforms,
— CPU (RISC-V) cores,
— Open PDKs,
— Related tools

» Results are presented on lecture 28.1. and exercise sessions on Monday 26.1. and Thursday
29.1.

— Registrations for sessions in Moodle

* Assignment instructions in Plussa

C
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Next week: SystemVerilog for Design

The design-oriented properties of SystemVerilog language

No exercise sessions yet, but the FPGA lab is reserved for you
— Tools for studying for the SoC Survey

Optional SV introduction exercise
— Shared with SoC Verification: not required twice

(
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