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Company Overview

1994
1996
2000

2007

2012

2020

Founding year of Cologne Chip Designs GmbH

Presentation of world's first single-chip-solution for ISDN

Rebranding to Cologne Chip AG and sales in millions of units

after annual growth rates by 100%

Establishment of the XHFC-Series with open access to
drivers and software; part of Linux Kernel since v. 2.6.27

Introduction of a new product line: GateMate FPGA

\

> 30 Years

Experience in
Semiconductor
Business

Certified Quality

J/

\

~
V) 100%

Same-Day Deliveries
from stock in Cologne

| designed and
manufactured
in Germany

Reliable Supply Chain

J/
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Agenda

1. Introduction to GateMate FPGA

Architecture & Toolchain, Available Boards
2. Toolchain Hands-on

Simulation, Synthesis, Implementation, Run Hardware
3. Radiation Qualification

Test Setups & Results
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#: FPGAs
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Cologne
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GateMate FPGA

Features at a glance

. Globalfoundries™ 28nm SLP process (Fab 1 Dresden, Germany)

* 20,480 programmable elements per FPGA-die 0| FHH IR HH . .
- 8inputs or 4+4 inputs + 2 flip-flops i X Die-to-die
P P p-riop Connections
- 2-bit full adder or 2x2-bit multiplier PLLs (1,088 TX+RX
signals in silicon)
: All 162 GPIO configurable as single-ended or SerDes —— )
LVDS differential pairs with DDR support jH:l I_il : — =
(MIPI D-PHY compatible) Block RAM ——|I[] i i i |
*  32x40 Kbit RAM cells (Total 1,280 Kbit) Logic Ti A | | |
ogic Tiles
° 4 Clock Generators (PLLSs) 8x8 CPEs \ i i B B 0 i i
y 5 Gbit/s SerDes Controller hiE L L o L ]
*  Temperature range from -40°C to +125°C : : : :
y Core voltage from 0.9V to 1.1V = - = L - = —
I/0 voltage from 1.2V to 2.5V (3.3V proven) [ — 1 | E

. Open Source Toolchain using yosys and nextpnr K \\ 9 1/0 Banks GM1A4
Config Bank

Lo (18 pads per bank)
g A1, A2, A4: Patented Multi-Die concept
(SPI, JTAG, Quad 1/0 SPI flash)
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https://github.com/YosysHQ/yosys

Cologne
i Chip

GateMate FPGA Series

Feature Summary by Device

Block RAM GPIO
Device CPEs FFs PLL  SerDes Single-  Diff. Package
20K 40K ended Pairs
(LVDS)
A1 20,480 40,960 64 32 4 1 162 81 324 FBGA
15x15 mm
*AZ 40,960 81,920 128 64 8 2 162 81 324 FBGA
15x15 mm
A4 81920 163840 256 128 16 4 154 77 324 FBGA
15x15 mm
v Patented Technology
v Pin compatible
A25 512,000 1,240,000 1600 800 100 25 tba tba tba
Y Mass Production Engineering Samples in Q1/2026
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GateMate FPGA

Features at a glance

1ail
TTrt
28nm Instant-on
Made in Germany Configuration

*'?

Easy Integration & High-speed
Pin Compatibility Serial Interfaces

© 2025 Cologne Chip AG

e B

Wide Temperature Bitstream
Range (-40°C - 125°C) Scrubber

O @g?
@

Open Toolchain Tested in Rad-Hard
and Ecosystem Environments

GateMate™ FPGA

Innovative LUT
Architecture

ooc— 2

Flexible
Multipliers
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Toolchain
Open-Source at Every Step

Cologne
i Chip

| Synthesis | Implementation | Configuration =
, TAG/SPI/
yosys nextpnr open : flash
- rPGA [ >
ABC b VHDL | [Pythonj—p{| PP Loader
Verilog| | VHDL

Library| :Library

OSS CAD Suite (Daily Builds)
(~500MB, darwin-armé4, darwin-x64, linux-arm64, linux-x64, windows-x64)
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https://github.com/YosysHQ/oss-cad-suite-build/releases/

GateMate FPGA

Central Programming Element

Combinatorical
e 8-input function with LUT2-tree

COUTY1
POUTY1
COuTY2
POUTY2

RAM_I1 — RAM_O1

e 2 independent 4-input functions RAM_I2 — RAM_O2
: ) : IN1 T — OouT1
* 4+2 inputs for MUX-4 function Ny 1 oo ‘ L+ - ovnt
) ) IN3 | Lo Fast signal 1D . Select
Arithmetic IN4 —{ w01 path routing f logic
. . . . IN5S L20 I
* 1-bit or 2-bit full adder, horizontal or vertical N6 —lwe]1— and arithmetic -1 °
. . - ) IN7 L1 L
e 2x2-bit multiplier, expandable to any size INS — L3 i
_ CINX ! B B COUTX
Sequen“al PINX POUTX

* 2 Flip-flops or latches
with initialization during configuration

CINY1
PINY1
CINY2
PINY2

CLK
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CPE Multipliers

Arbitrarily Scalable Multipliers = S
* No fixed placement in CPE array . S S S S \
« Optional input and output pipeline stages I EEEE
EEEEEEE
EEEEEEN
Performance EEEEEEE
. N EEEEEER P
e B-vector determines critical path: IR EEERE 2
A j EEEEEnE
350 axa bit 18x18 bit 18x8 bit = Y EEEEEEN
300 EEEEREN
250 EEEEREE
200 B worst EREEEEN )
[MHz] 150 mtyp EEEEE
100 best L
50 ' I I ' I I i I ' [-40°C; +25°C; +125°C] BN
0 B N
Ipr eco spd lpr eco spd Ipr eco spd :“4
0.9V 1.0v 1.1V 0.9v 1.0V 1.1V 0.9v 1.0V 1.1V 18X8 blt mult W/ in- ? girﬂii:: Register

Core Voltage and output pipeline [ 2x2-bit Multiplier
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Cologne
= Chip

GateMate FPGA

Block RAM

Configurations

* Single 40K cell or Lpper Block RAM cell
 Two independent 20K cells 1 *+ #
H vy Y 40K RAM macro o
* True Dual Port (up to 40 inputs) N "
. . , Ao tg—c— —L+C: 8 1| RAMO 08 Cig—m— - tAoa
 Simple Dual Port (up to 80 inputs) g 2] 121|128l 5w, w [SLIE||S]|] 2] |8 2
r_a;m t%—g—g—g—bg ?, 18 ) RAM1 1B %+§—§—;§—.§ tmg
* FIFO (sync. or async.) Z ot BHEHEH L S HEEY e P SHEHEH S Lou ¢
. . 2 z| |5 o5 " MMEAN IRV g
 Error Checking and Correcting & LJEl e =R E A raws o e SHEL R L
reset _‘r _ ?l— [ __ _‘r _‘r ___ i;if)ssttaé::js
Signal Forwardin
g g lower Block RAM cell

« All cells vertically connected
* Reduces routing overhead
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GateMate FPGA

5 Gbit/s Serializer/Deserializer (SerDes)

TX Datapath Bitrate Clock [MHz]
PRBS # 100Mrefclk 125M refclk
Generato 1 300 375
™ Phase FPGA TX 2 400 500
PISO Pola riti |— . 3 450 563
Emph. Adjust Interface 4 500 625
|_ SB/ 133 5 600 750
ncoger 6 750 938
TX PMA TX PCS 7 800 1,000
8 900 1,125
Near-End PMA Near-End PCS Far-End PMA Far-End PCS RX Datapath 9 1,000 1,250
Loopback Loopback Comma Loopback Loopback m 10 1,200 1,500
H Detect& 11 1,250 1,563
: Alignment 8B/10B : 12 1,500 1,875
RX oFelcoR SIPO j—{ Polarity l— Decoder Elastic | FPGA RX 13 1,600 2,000
EQ Buffer }_ Interface 64 | 40 | 14 1,800 2,250
| | PRBS 32 (207 15 2,000 2,500
RX PMA RX PCS Checker 6 16 2,400 3,000
17 2,500 3,125
18 3,000 3,750
19 3,200 4,000
o 20 3,600 4,500
. 21 4,000 5,000
1My —— = 1M = am, | DataPath Reglsters) |fPoACPE 22 4,800 6,000
Phase & s RX 23 5,000 6,250
Freuend Osc. 1M , Registers 24 6,000 7,500
Py 1/Ms | BitRate PLL TAG 25 6,400 8,000
Clock Registers| |Interface 26 8,000 10,000
1Mz = 1/Mz = 1/My [~ 27 10,000 12,500
ADPLL Register File .
In Spec. Not in Spec.
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Cologne
i Chip

GateMate Evaluation Board

Interfaces

* SixI/0 banks + access to SPI/JTAG signals
Two standard 12-pin Pmod™ compatible connectors
* One high-speed SerDes RX, TX + CLK channel via SMA

*  Configuration via flash or on-board USB to SPI/JTAG
bridge

Memory
* 64 Mbit Quad-1/0 SPI flash

Up to two HyperBus modules (HyperRAM / HyperFlash)
Power

User-selectable core and I/0 voltages

© 2025 Cologne Chip AG GateMate™ FPGA Slide 12 of 29



Olimex GateMate A1-EVB

Csi/DsI

el bl 1k

Qeq

€ GateMate A1-EVB at Olimex
€ Extensions Repository

© 2025 Cologne Chip AG
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GateMate™ FPGA

4x DC motor

L P
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https://www.olimex.com/Products/FPGA/GateMate/GateMateA1-EVB/open-source-hardware
https://github.com/intergalaktik/Extension_Boards_for_Olimex_GateMate

ULX5M-GS

Raspberry Pi compatible Compute Module

Cologne

Features

* PCle interface T
* USB interface (DFU bootloader)
*  SDRAM memory
* Gigabit ethernet interface
* 2x MIPI interfaces
* 1x HDMI interface

* Raspberry Pi GPIO, SD card, ...

€ ULX5M-GS Repository at GitHub
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https://github.com/intergalaktik/ulx5m-gs

Massive IP Catalogue: LiteX

,Build your hardware, easily!"

Build your hardware, easily!

CPU FPGA : e
Toolchains | | Toolchains Name Build Status Description

/'y /'y LiteX-Boards () ci [passing Boards support

4 4 .
CPU Types LiteDRAM DRAM
blackparrot, kianv, Migen > LiteEth Ethernet
vexiiriscv, fazyrv,
vexriscv_smp, picorv32, LitePCle PCle
serv, neorv32, vexriscv, YOUr design S
femtorv, firev, ... LiteX :

ready to be used LiteSATA SATA
' LiteSDCard SD card
LiteX Cores Ecosystem AXL AXLlite, lq : : : _
Wishbone LiteICLink Inter-Chip communication

A A Lite]ESD204B JESD204B
| liteeth | |Iitepcie| |Iitesata|
- — LiteSPI SPI/SPI-Flash
|I|tedram| |I|tesp|| | | Board Platform r—

Files Files LiteScope 0) ci [EsSing Logic analyzer

[1] https://github.com/enjoy-digital/litex
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https://github.com/enjoy-digital/litex

GateMate Tools Action

Hands-on

© 2025 Cologne Chip AG GateMate™ FPGA

Slide 16 of 29



© 2025 Cologne Chip AG

Installation: The Easy Way

Pre-build with oss-cad-suite

Daily builds available on GitHub
Runs on ARM®64, Linux, Windows and Mac

Contains *all* tools, including simulators etc.

Certainly the best option to start!

GateMate™ FPGA

Cologne
= Chip

] YosysHQjos;.cad-suite-bu"d Public £ Notifications Y Fork 00 7 Star 11k
<> Code (%) Issues 58 11 Pullrequests 4 (&) Actions (U Security |~ Insights

Releases / 2025-06-25

2025-06-25 (=)

github-actions released this 19 hours ago  » 2025-06-25 -0~ 72befdd

Add downloading delay files

v Assets 7
@oss-(ad-suite-dar'win-arm64-20250625.tgz sha256:aece7fc73n0g LD 459 MB 16 hours ago
ﬁaass-(ad-suile-darwin-xsd-m250625.[gz H696T 4699 Ll.] MB 16 hours age
@oss-cad-suit e-linux-arm64-20250625.tgz sha256:0frea77debad LD 565 MB 16 hours ago
anss-cad-sui!e-linux-k64—20250625.tgz 63CaBa L|.3 647 MB 16 hours aqe
oss-cad-suite-windows-x64-20250625.exe shazs6:cfaTasses3sf.. (0 303 MB 16 hours age
[Psource code (zip) 3 weeks ago
[source code (targz) 3 weeks ago

https://github.com/YosysHQ/oss-cad-suite-build/releases/
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Synthesis: yosys

https://github.com/YosysHQ/yosys

$ yosys
-1 <logfile>.log
_p'
read_verilog <input>.v;
synth_gatemate
-top <topmodule>
-luttree
-nomult
-nomx8
-json <netlist>.json

© 2025 Cologne Chip AG

++

FHoH oHHHHH

path to logfile

your design files

synthesis pass for GateMate
top module name

use LUT-tree mode for nextpnr

disable multiplier support (will be added soon)

disable MUX8 support
output netlist

GateMate™ FPGA
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Implementation: nextpnr
https://github.com/YosysHQ/nextpnr

$ nextpnr-himbaechel

--json <netlist-file>.json # input netlist from synthesis
--device CCGM1A1 # can be CCGM1A1 or CCGM1A2
-0 ccf=<constraints-file>.ccf # input constraints file
-0 out=<output-file>.txt # output bitfile (human readable!)
--router router2 # always use router2!
--gui # optional: user interface mode
$ gmpack
--crcmode <mode> # optional: crc behaviour (check, ignore, unused)
--background # optional: enables background reconfiguration
<output-file>.txt # human-readable bitfile from nextpnr
<output-file>.bit # bitfile for GateMate

© 2025 Cologne Chip AG GateMate™ FPGA Slide 19 of 29



Programmer: openFPGALoader
https://github.com/trabucayre/openFPGALoader

$ openFPGALoader

--index-chain 0 # device no. in the chain - optional
--freq 10M # programmer speed, max. 30M
-b gatemate_evb_spi # board: can be gatemate_evb_spi or gatemate_evb_jtag

<your-cfg-file>.bit
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Radiation Qualification

How to qualify a FPGA for radiation-hard environments?

© 2025 Cologne Chip AG GateMate™ FPGA
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SEE & TID Test Structures )

Single event effects / Total ionization dosis

RAM Test

Tester FPGA !

~

s
Flip-flop Test

4
@
Processing 3 RAM Test
Unit (PS) C
ore

GateMate
JTAG Driver

x

I JTAG (UsB)

Tester FPGA
3
o
Processing 5 ¢
FF Test Eile---1
Unit (PS) Ccf: Output... 2 Black
M Output 12 Eille-1
GateMate 1
L-»| Block
JTAG Driver 0 [
LLET) Selection TI D TeSt
[ ITAG(USB) &
Lol
3 + 130 Ring Oscillators

IAXI Bus.

'_ i -+ 64 CPE perring
"- = + Physical Mapping of Rings
El
o

Tester FPGA [
TID Test
Processing Core "
Unit (PS)

ITC99 Test

Tester FPGA
B | e

.._/ /s:u_ Outputs —]

) o
":::‘:’(::)‘ 3 | B13Test
E Core
SN H e | CRAM Test
JTAG Driver o et
1:0
- Tester FPGA e
I ITAG (USB)
(E L]
Processing F CRAM
unies) [ xoRTest
- s

€ https://www.nsrec.com/technical-program-2024-thursday/
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SEE Test Setup

at Paul Scherrer Insitut (PSI)

Proton Beam Setup @ PSI

© 2025 Cologne Chip AG

GateMate™ FPGA
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SEE Test Results

<
7y
. w
at Paul Scherrer Insitut (PSI :
s N
5 2E14
Results without .
bitstream scrubber 5 ?
= LI'J = Non-TMR
g 1El4 &2 9 0 o B TMR
3 t W u 9 9
g SE15 & 5 w u w
7,00E-14 5 o l S0
6,13E-14 0 - -
6,00E-14 ‘\,\25010 i FBO()’(S N\/A‘\,\g,ss )((;’l\‘do‘( oc GN\XPA
5,00E-14 Comparison of flip-flop test results
3 =
E 4,00E-14 2,50E-11 o
s o 5
o A
= 3,00E-14 © o
3 2,36E-14 2,4E-14 2,00E-11 - & o
fi w
8  2,00E-14 §
o Ll 5 150E-11
1,00E-14 l 8,194E-15 6 oF-15 3
£
0,00E+00 . . | SR o " _Il\_llar';TMR
= : [
10 1S 55 51 ot o 8 U =
2SO opa00T ar®ST, (w32 1KY conh 9 soe 2 Mo WMo oo S o2 899
7] (o2} 1K) Lll.l LIlI LIIJ W U:J
. 2 = m odd Qo Wwa Fo
Comparison of BRAM test results * o » me o mo o
(new results from heavy-ion testing show much better cross-section) 0,00E+00)
o A Q & s U
6‘@' (o\’,\ (9\‘.\ X Qo\ ’\Q?‘ é(\)
& \;O < >
© &

Comparison of ITC99 test results
€ Radiation Qualification of the Cologne Chip GateMate A1 FPGA
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https://opus.bsz-bw.de/fhdo/frontdoor/deliver/index/docId/3364/file/Master_Thesis_Richard_Jung-1.pdf

CraTeBo System on Module
For TID Tests at CHARM

Entire Evaluation Board
exposed during TID test

O

GateMate CHARM SoM
Mezzanine Board V1

CEG

DO =
g FAILED) -sms 52
R LD2

(e X =5
CRaTeBo - Carmier gpa_o4512-v1

CERN's Radiation-hardened CraTeBo Platform
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TID Test Results

at CHARM Irradiation Infrastructure (CERN)

8t 000 * No degradation up to 1kGy
%‘ 10.55 < . .
o6 g * Good correlation b/w propagation
c joso £ delay increase and current
g 4f ] 2 L
=z 045 5 consumption increase up to 4kGy
RN | 5
R  orovaeat lo0 & * Good robustness to TID
[3) I ropagation Delay O
= L = Current Consumption
O — 1035
0 2000 4000 6000 8000

TID [Gy (Si)]
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https://github.com/YosysHQ/yosys

Heavy Ion Test (Latch-up)

at UCL Belgium

GateMate FPGA in socket after sanding

Results published soon

Heavy Ion Beam Setup @ UCL
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GateMate in Space &%
Space Technology made at HAW Hamburg

Smart Sensors

* PLUTO small satellite by HAW + TUHH
Hamburg

Designed by L.Bublitz

10 VIO GateMate

* Launch in autumn 2025, in orbit for at least a
year

]
=
=
]
=
)
-
@
3
a
@

* Experiments: Undervolting

* Reconfigurable from earth

& News Article HAW Hamburg

© 2025 Cologne Chip AG GateMate™ FPGA Slide 28 of 29


https://github.com/YosysHQ/yosys
https://www.haw-hamburg.de/detail/news/news/show/weltraumtechnik-made-at-haw-hamburg/

Contact

Patrick Urban, M.Sc.
Cologne Chip AG

Eintrachtstr. 113
50668 Koln

https://colognechip.com
support@colognechip.com

Add me on LinkedIn!



https://colognechip.com/
mailto:support@colognechip.com
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