GateMate™ FPGA Overview
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Agenda

1. Introduction to GateMate FPGA

Architecture Overview
Features
Toolchain

2. CPE for Time-to-Digital Converters (TDC)

CP-lines
Example
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The Company

1994 Founding year of Cologne Chip Desighs GmbH.
1996 Presentation of world's first single-chip-solution for ISDN.

1997 -  Annual growth rate by 100%, introduction of world's first PCI
2000 and USB single-chip-solutions for ISDN.

2000 Rebranding to Cologne Chip AG and sales in millions of units.

2005 Presentation of first combined S/T and Up transceiver.

2007 Establishment of the latest XHFC-Series with open access to
drivers and software; part of Linux Kernel since v. 2.6.27.

2020 Introduction of a new product line: GateMate FPGA.
2022 GateMate Al in mass production.
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GateMate FPGA

Features at a glance

© 2024 Cologne Chip AG

Globalfoundries™ 28 nm SLP process (Dresden, GER)

20,480 programmable elements (per FPGA-die)
- 8inputs or 2x 4 inputs + 2 flip-flops
= 1-or 2-bit full adder or 2x2-bit multiplier

All 162 GPIO configurable as single-ended or
LVDS differential pairs with DDR support
(MIPI D-PHY technically possible)

32x 40Kbit dual-port RAM cells (Total 1,280 Kbit)
4 Clock Generators (PLLs)

5.0 Gbit/s SerDes Controller

Core voltage from 0.9V to 1.1V
I/0 voltage from 1.2V to 2.5V

A1, A2, A4: 324-ball FBGA package

Die-to-die
Connections
PLLs (1,088 TX+RX
signals in silicon)
SerDes
[E
Block RAM || || || |
Logic Tiles i i i ]
8x8 CPE \ » » » u
[/ ] ] (m
k I/0 Banks >

& oo GM1AG
Config Bank (18 pads per bank)

(SPI, JTAG, Quad 1/0 SPI flash)
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Cologne
i Chip

GateMate FPGA Series

Feature Summary by Device

Block RAM GPIO
i Ser . .
Device CPEs FFs PLL Des Single-  Diff. Package
ended Pairs
20K 40K (LVDS)
Al 20,480 40,960 64 32 4 1 162 81 324 FBGA
15x15 mm
A2 40,960 81,920 128 64 8 2 162 81 s FEER
15x15 mm
A4 81,920 163840 256 128 16 4 154 77 St FEER,
15x15 mm
A25 512,000 1,240,000 1,600 800 100 25 tba tba tba
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Architecture Features
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GateMate FPGA

Central Programming Element

Combinatorical
e 8-input function with LUT2-tree

e 2 independent 4-input functions Eﬁ%:ﬂ
e 6 inputs for MUX-4 function N
Arithmetic IN3
e 1-bit or 2-bit full adder, horizontal or vertical INS
e 2x2-bit multiplier, expandable to any size N7
Sequential CINK
PINX

* 2 Flip-flops or
e 2 Latches

© 2024 Cologne Chip AG

Cologne
Chip
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— RAM_O1
— RAM_O2
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L20 || "
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L11 | R
L03 — |
! ] B COUTX
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— — NN N dad
2222 ouY
Oaoa
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CPE Multipliers

Arbitrarily Scalable Multipliers
* No fixed placement in CPE array
« Optional input and output pipeline stages

Performance

 B(+A)-path is critical

350
300
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[MHz] 200

150
100
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0

Ipr ecospd
8x8 bit
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W worst
Htyp
best
' ' [-40°C; +25°C; +125°C]
Ipr ecospd Ipr ecospd
18x18 bit 18x8 bit
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Cologne
= Chip

GateMate FPGA

Block RAM

Configurations

* Slngle 4OK Ce” or upper Block RAM cell
 Two independent 20K cells 1 *+ #
H vy Y 40K RAM macro o
e True Dual Port (up to 40 inputs) N N
] ] R Y P I O P v« VAV BlsHoH H >0,
* Simple Dual Port (up to 80 inputs) £ gl1el 122 |elsln, w2l E] (5] |28 :
T‘?m t%—g—g—g—bg § 18 ) RAM1 1B %+§—§—§—.§ tmg
* FIFO(SynC' orasync.) %BO =§—§—§—§—>§ B3 rav2 [ $1$_§_§_§ beo o
. . 2 2| |5 || o[]3 1 MUEIREIRRIRE:: g
 Error Checking and Correcting g Lsle == E S s et EH e ©
reset L S ﬁ [ __F F UL isli(;sjat:uss
Signal Forwardin
g g lower Block RAM cell

« All cells vertically connected
* Reduces routing overhead
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GateMate FPGA

GPIO Cells

. Each bank has 9 GPIO pairs (total: 162 GPIOs)
*  All GPIOs configurable as single-ended or LVDS pairs (total: 81)
*  Manual instantiation allows parameterization of

- IO delays

- Pin placement

- Drive strengths

- Slew rate control

= Pullup/pulldown configuration

- Mapping of registers into IO cells

*  All GPIOs with double data rate (DDR) support
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GateMate FPGA

5 Gbit/s Serializer/Deserializer (SerDes)

Cologne
= Chip

PRBS
I |Generator
™ | TX . Phase | FPGATX
<:| OOB |Emph. | P10 @_ Adjust Interface <:|
T 8B/10B /
Encoder \ 64/80 bit
TX PMA TX PCS data paths
RX/TX IO
Comma 31.25 MHz @ 2.5 Gbit/s
U Detect & 62.50 Mhz @ 5.0 Gbit/s
Align 8B/10B
— RXEQ | DFE j—{ Polarity [ Decoder Elastic FPGA RX
RX O0OB 2P0 Buffer Interface :>
| | PRBS
Checker
RX PMA RX PCS

LVDS . .

—) ADPLL Register File —
Clock

ﬁ JTAG
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GateMate FPGA

SerDes Features

Physical Coding Sublayer (PCS) Physical Medium Attachment (PMA)
- Up to 64/80-bit data paths - 3-tap decision feedback equalizer (DFE)
- 8B/10B encoding and decoding - TX pre- and post-emphasis
- Comma detection and byte alignment - Out-of-band (OOB) signaling

- RX clock data recovery (CDR)

- Multiple PRBS generators and
checkers

- Phase adjust FIFO for clock correction
(elastic buffer)

© 2024 Cologne Chip AG GateMate™ FPGA Seminar Slide 12 of 28



Hardware / Package, Pinout
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Cologne
Chip

324-FBGA Pinout

CCGM1AT

1 2 3 45 6 7 8 91011 12 13 14 15 16 17 18

A o voo_ [CHVSIRNVY voo (BN ., [SHCVCHY ., [CHVICHY . [HVCN=Y voo [GNE ., PN
A0 | AL VNN A4 7 | B0 B2 | B4 B7 | _Bs [ B5
B [1o-Weio.welio_nalio_Na|io_na|i0_na Rl io N io_ne NVl 10_s|i0_s (7l io_ns | 10_c: [N 10 es (B0
8 B8 | Bo | BL| A2 | B4 WVNM B7 [ Ao MOEWl A2 | As WYEM A7 | _As A5 [EE
.
1 5X1 5 mm pa Cka g e c 720 (0_WC 10_WC|10_NA10_NA| I0_NA|10_NA|10_NA [I0_NBI0_NB I0_NB|10_ N8 10_NB|I0_EBi0_EB10_EB 10_EB| (~
A7 BT | B2 | A3 | A5 | A6 | A8 | Bi| B3| B5 | B6 | B8 | B7 | B6 | B4 _A4
.
° 324 b | | O 8 t h lo_wc 10_welio_we 10_wcliYellll i0_NA|10_NA[10_NA|10_NA[10_NB|I0_NB|I0_NB |I0_NB|I0_NB |10_EB|I0_EB|10_EB I0_EB
d S, 0 IMm pl C D B5 | A6 _B6 B3 | B5 | B6 | B8 | AL| A3 | A5 | A6 | A8 | A7 | A6 | B2 A | D
lo_wc 10_weclio_wc 10_wc] DD DD DD DD o3 10_E5 10_E8 (1
E _A4 B4 2 A 2 A £ B L B L B _B3 _A3 EB G E
DD DD, DD DD DD
* Only 2 signal layers required " e R
y g y q G lo-we to_welio_we 10w S S T /28 (0_EA 10_EA |10 EA I0_EA| (3
A0 BO | Al Bl 9| Be As | B7 A7
.
H [lo,ws 0walio_wa o we \eh o (VoD oD VDD GND VDD oND VoD ono [REFEEE VoD % H
. . . .
° |t K CAD f t t | bl M '0_WE 10_WB| M| 10_EA 10_EA|IO_EA 10_EA
A ium + | 00 prln S avalla e J BRI A6 _B6 D REs D e D D e BN 5s  As | Ba Aa| J
N f . k I K [1o.ws10.wslio_ws to_we Vs b VDD oND (VDD | oND (VDD onp | voD | onp [SHCASEEN I TN e
A5 B5 | A4 B4 D B3 A3 | B2 _A2
Configuration bank usable as GPIO L e £ |
10_WB 10_WB|I0_WB 10_WB oM (0_EA [0_EA (VoI
L Az B3| A2 B2 D VDD D VDD D VDD D VDD D A~ BERY = o |
pD_ [[SRIV:NeRIVE VoD 10_EA 10_EA 10_SB 10_SB
M EGE > onp VDD GND (VDD oD VBD. oo | voD il o Ry
10_WB I0_WB|IO_WA I0_WA R¥sls]
N e RV 2 N (108 10.wei0_wa 10 wa [ H RS SVARVA- BTl (0 s5 10_SB| |\ o voo_ N
=il 0 B0 | As _Bs [MOA B gl As o Bs | NG B
10_WA 10_wA N1 VDD
P A B wa  CND ua [= 10_WA 10_WA R%s}} o VDD DD o VDD M'12 ) 10_SB (10_SB 10_SB|I0_SB 10_SB [\Ysloll 0_SB 10_SB P
AT B7 A A A A | A4 | A7 B7 | A6 _B6 M3 A2 B2
10_WA 10_WA[I0_WA I0_WA|I0_WA
L e s e Rl [0-wa 10 walio_wa 10_walio_wa|If SA|10_SA|10_SA|10_SA|10_SA|10_s5 JiENlI0_s8 i0_s8 (Vala § o508 o
- i q A6 B6 | A5 B5 | A0 | AL | A2 | A4 | Ae | A7 | B4 A5 _B5 [N Al Bl
voD_ SRR
T M e P ol 10_WA 10_WA 10_wA|18_sA|i0_SA|10_SA|10_SA|i0_SA SER_| SER_ [RVel5 DD DD
! T D D RST_N[NA] D --
| A4 B4 Bo |JB1 | B2 | B4 | B6 | B7 CLK |CLK_N - B
10_WA 10_wa \YoI)
U s el AL | A [CRVNCRY voo_ [SRYANSE \ oo [SRIN[SRYY voo_ [lMIN SEr_ VoD SER TEST |10_SB 10_SB
! _ _ U D D U
A3 B3 N A1 | Ao A3 | A5 A~ BXH RX_P R 3 MODE| _A0 _BO
10_WA I0_WA(IO_WA|IO_SA
\N N B IS \ I 0_wa 10_walio_wa|io_sa [N 10_sA |10_sa [ 10_sa IS SNCT=! o A .o VoD g v
il Ml B A2 B2 | BL| BO B3| BS5 IECR RX N Ree ADJ R
1 2 3 4 5
23 456 7 8 9 10 11 12 13 14 15 16 17 18
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324-FBGA Pinout

Pin Compatibility

1 2 3 45 6 7 8 91011 12 13 14 15 16 17 18

Cologne
:Chip

A o voo_ [CHUN(RNYN voo [GHN ., [CEYAVCEYS ., [CHGIEEG ., CEGIEN] voo [CRZ] ., BN
A0 | AL [NYNE A4 A7 | _BO B2 | B4 B7 | s [ B
B [lo-weio.walio Na|i0_na|io_NA|i0_na RV 10 N io_ne il 0. Na10_na (el io e 10_c= NS 10 c5 bl
8 B3| B0 | Bl | A2 | B4 VUMM B7 | Ao [VCE A2 | As M A7 | As A5 [l
c /=238 0_1C 10_WC 10_NA| I0_NA|I0_NA|I0_NA| I0_NA [I0_NB I0_NBI0_NB}10_NB I0_NB)|I0_EB|0_EB)I0_EB 10_EB| (~
A7 B7 | B2| A3| A5 | A6 | A8 | BL| B3| B5| B6 | B8 | B7 | B6 | B4 _A4
D [eweio.wclio weio WM 10 NA|10_NA|I0_NA|I0_NA|I0_NB|I0_NBI0_NB|I0_NB I0_NB|I0_E8|i0_EB|I0_EB 10_EB| [
B5 | A6 B6 B3| B5 | B6 | B8 | AL| A3 | A5 | A6 | A8 | A7 | A6 | B2 _A2
lo_wc 10_wc|io_we 10_we DD DD DD DD oo_ [CHRLE voo_
E B3 | A4 B4 D “NA D "NA D \B D \B A 5 A3 ono S
DD_ [[eR"/eA[eR"e! VDD DD DD DD, I0_EB I0_EB|IO_EB I0_EB
F 2 A2 B2 D "Na D VDD D N8 D =R el B1 AL | B0 _AO F
l0_wc 10_Wc|io_we 10_we Ml 10_EA 10_EA|IO_EA 10_EA
G A0 BO | AL Bl D e D D D L "l Bs As | B7 A7 G
10_w8 10_wB|I0_wB 10_wa {Ye)) 10_EA 10_EA [\Yjs})
H a1 BT | A8 B8 : D VDD D VDD D VDD D VDD D BT . o H
oIl 0_wB 10_wB sl I0_EA 10_EA|IO_EA 10_EA
J L A6 B6 D VDD D VDD D VDD D VDD D ol B5 A5 | Ba  Ad J
10_WB 10_WB|I0_wB 10_w RYe)) I0_EA 10_EA|IO_EA 10_EA
K AS  B5 | A4 B4 B D R b RBR D N D R el Bs A3 | B2 A2 K A 1 A2 A4
|0_WB I0_WB|I0_WB 10_W8| o8l 10_EA 10_EA a1
L Az B3| A2 B2 D VDD D VDD D VDD D VDD D A = o |
10_w8 10_ws Vsl I0_EA I0JEA 10_SB 10_SB
(VI oo Voo RPVERRRIE 20 o vop oo vop ovo vep owo vo s A oo Rl VI 055 1035] 055 1035
10_WB 10_WB|I0_WA 10_WA RV} DD 19l 10_SB 10flsB DD
N o Bo| As _Bs (VNG D D RERUE 0 s I TE R e IN N NC. N
10_WA 10_WA Ysl») DD, DD DD 0l I0_SB|(10_SB 10_SB|IO_SB IOfSB Y/sloll IO_SB 10_SB
_WA 10_\ b b b _SB|I0_SB 10_SB|I0_ _SB 10_ 10_SB 10_SB 10_SB 10_SB
P A" V87 A A A A o | A7 B | oA e WM A w2 | P 2o | P 2 m| P
R [lo_WA 10_Wallo_WA 10 wA|i0_WA|I0_SA|I0_SA|10_SA|10_SA|I0_SA|10_s5 JFNISlI0_SB 10_SB o [SICHCICIE =) o_s8 058 R 0_s8 058 R
A6 B6 | A5 B5 | A0 | AL | A2 | A4 | A6 | A7 | B4 A5 B5 Al Bl AL BL
T NS 0_wa 10_wa R0 Wal10_SA|I0_SA|10_SA|0_SA|I0_ M voo o voo_ iy T T
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_A3 B3 S _Al | _AO A _A3 | _A5 A _AY I R P MODE| _A0 _BO RX_P TX_P _f | 5
SER SER_ SER SER_ |SER_ SER_
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Software / Toolchain
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Cologne

Toolchain |
i Chip

Features at a glance

~ synth_gatemate pass
/ with LUT-tree synthesis

/

~ nextpnr arch
e planned in 2024

1. Design Entry | 2. Synthesis | 3.Implementation | 4. Configuration |
‘ s
J | _
[ »
v v
AmaranthHDL (nMigen) GateMate | Bitstream openFPGAIToader
Yosys Netlist FTDI scripts
LiteX Verilog y EasyConvert Netlist
SpinalHDL Place&Route
VHDL | GHDL
Behavioral Functional Timing In-circuit
1 File Simulation Verification Simulation SDF Verification
[ ] Tool
[1]1 https://github.com/nmigen/nmigen [4] https://github.com/YosysHQ/yosys
[2] https://github.com/enjoy-digital/litex [5] https://github.com/ghdIl/ghdl

[3] https://github.com/SpinalHDL/SpinalHDL  [6] https://github.com/trabucayre/openFPGALoader
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Toolchain
Requirements

. Supported Linux environments
- Debian-based Linux (Debian, Ubuntu, ...) with apt package manage
- Arch-based Linux (Arch, Manjaro, ...) with pacman package manager

- Red Hat-based Linux (Centos, Fedora, ...) with dnf or yum package manager
. Supported Windows environments

- Windows 7 or later, 64 bit with Zadig USB driver installer (https://zadig.akeo.ie/)

. Third-party simulators
- Modelsim, Questa Advanced Simulator (https://eda.sw.siemens.com/en-US/ic/modelsim/)
- Icarus Verilog (http://iverilog.icarus.com/)

- GHDL, CXXRTL, Verilator, ...

. Third-party waveform viewer

- GTKWave (http://gtkwave.sourceforge.net/)

© 2024 Cologne Chip AG GateMate™ FPGA Seminar
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Toolchain
Easy Way: Download from Website

* Pre-build Software available from Website:

“c::logne Programmable Logic Telecomns « Where to buy « About the company myGateMate ~ Q
k= Chip

GateMate FPGA

Starter Kit

Download Section

Account

Logout
E Link to Registration

© 2024 Cologne Chip AG GateMate™ FPGA Seminar Slide 19 of 28



Toolchain

Package Contents

~ P ce-toolchain-linux

* »bin« directory ~ B bin
?»~ ™ openFPGALoader
- Executables for Synthesis, Place&Route and Config > B pr
?- M yosys
° : = VERSION
»workspace« directory e
. . ~— M blink
- Example projects (»blink« and »mult«) ™ log
B net
- »Sim« simulation testbenches v B sim
= blink_tb.v
- w»src« Verilog and VHDL sources Jis e e
== INK.CC
. . . = blink.v
- »Makefile« script to run toolchain preray
% Makefile
* Latest Toolchain Installation Guide as PDF >~ B3 mult
% config.mk

= ug1002-toolchain-install-2022-08.pdf
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LiteX’

Build your hardware, easily!

/dev/ttyUSBX i

e X

Build your handware, easily!

,:Z{Hub

™ UART

ROM

SRAM

"

Y

0080

DRAM

# Ethernet

; T b+
| IRQs & || > LiteDRAM
—i MEM |- .

: :ul:—h—
i Rocket CPU P

: | N
L . DMA | iy

i : N

\ MMIO : _
] f«—| LiteSDCard

N~
Linux-on-LiteX-Rocket SoC

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

LiteX’

Build your hardware, easily!

CPUs runs Linux
*  VexRiscv (-smp) *  NeoRV32
*  PicoRV32 * ARM Cortex-M
* SERV *  ...(+24 more)

Periphery (via : wishbone, axi, axi-lite)
¢ SATA * Ethernet
* SD-card, SPI

- DDR2/3/4, HyperRAM  JESD204B (ADC, .
DAQ) VexRiscv with HyperRAM and HDMI

* PClexpress

* VGA, DVI, HDMI

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

GateMate Evaluation Board

Interfaces
*  SixI/0 banks + access to SPI/JTAG signals e e
*  Two standard 12-pin Pmod™ compatible connectors i o
. One high-speed SerDes RX, TX + CLK channel via SMA
. Configuration via flash or on-board USB to SPI/JTAG bridge
Memory serchoaton
. 64 Mbit Quad-1/0 SPI flash
. Up to two HyperBus modules (HyperRAM / HyperFlash)

Power

. User-selectable core and I/0 voltages

Link to
Evaluation Kit
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Outlook
2024 Roadmap

Cologne
i Chip

* Bitstream Copy Protection IP (EW 2024)

Nae@-22 s (3 R Q W om
* »nextpnr« support

- Step 1: Full disclosure of TileGrid and
timing data for ChipDB and bitstream
generator

- Step 2: Actual »nexptnr« support

Console Cell SautoSalumacc.cc.
Info: final tns with respect to arc budgets: 0.000000 ns (@ nets, ©

arcs) Port 12

Info: Checksum: 0xa4786aa9 Budget 82793.00
Routing design successful. cell  $auto$alumacc.cc...

- Engineering Samples available now )

] 0%

* IP Core Support
- TDC, MIPI, HDMI, Ethernet
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High Resolution TDC
using GateMate CP-lines
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Time-to Digital Converter
Using CPE CP-lines

== ] £

Basics EEEE

22202

o000 o

L3 O 0L

* Measure the time interval between events - A
L . [ _

with high precision TR k |

. . . ) RAM_I2-»
. Wldely used in hlg.h—er?ergy.physms > —_] N o> 0UT1
experiments, medical imaging, ... g - éLTh 2
INA > Logic oLk LA E
Q
CC-FPGA-TDC IS lwurtred) TEE B el »o0UT2
— 1 or
IN7 > + | Latch -

. i i INS W L v | » RAM_0O1
Asyhchronous input signal runs through Carry . L \ A l_— g
Chain G 3

SR » f /AN
* Position of the 0/1 transition is stored in FF at CINX=> ) _ e 1| |5 00X
) PINX ) 4 _ Fast Signal Path Routing o> POUTX
the next event of system clock on Propagation L
Chain
AAAS

* 5 psresolution

CINY1
PINY1
CINY2
PINY2
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CPE Vision

Implementation and Resource Utilization

* Chainlength: 128 CPEs —
* Max. Rows: 160 ;

* Easy TDC instantiation using primitive:

module tdc_top (
input wire clk, data,
output wire ql27
Y
wire clk_i;
wire [127:0] q;

CC_BUFG bufg_inst (
I(clk),
L0(clk_1)

H

(* blackbox *) (* keep *)
CC_GSI_TDC #(
.COLUMN( 4)

) tdc_inste (
.CLK(clk_1i},
.DATA(data),

: -Qlq)

assign q127 = g[127];
endmodule

CPE Array 160x128
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Contact

Patrick Urban, M.Sc.
Cologne Chip AG

Eintrachtstr. 113
50668 Koln

https://colognechip.com
info@colognechip.com



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