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Who am |. ..

Embedded, modular, and real-time systems developer for 30 years

® (8051, i8080, 1960, Digital Alpha, x86, PowerPC, MIPS, ARM, RISC-V
e CAMAC, VME, CompactPCl, AdvancedTCA, uTCA, SoMs

® FPGA and SoC-FPGA

e contribute to Open Harmonized FPGA Module Specification

& oHFM
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Disclaimer (Seting up Expectations)

® it is a personal endeavor

bottom-up approach
® work in progress

® comments and discussion are highly appreciated
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GateMate FPGA (1/2)

® 20480 programmable elements (CPE
P g . ( ) & Py [PLis] [GPIOY [fGPIoT] 2?92':5: dRi/:’\:S
® unconventional CPE architecture irle - columns
(8-input LUT tree) el el el g lie gl v
. . . g ‘g g ‘g g organized in §
® 8 inputs or 4 + 4 inputs, 2 flip-flops P sHEHEH 2 partowin oze
® 2-bit full adder or 2 x 2 multiplier sHsnsnslils
. @ Hl @ [Hl @« [H =« |1 =
® 32x 40 Kbit RAM cells - g_ggg,g_g
configuration
bank = H H .|

® 4 programmable PLL I
5 Gbps SerDes

Figure 2.1: Simplified architecture overview
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GateMate FPGA
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GateMate FPGA (2/2)

uniform GPIO: all 162 GPIO configurable as SE or LVDS with DDR support
9x 10 banks (18 SE / 9 LVDS each) with independent V;, 1.2V to 2.5V
configuration via QSPI up to 100 MHz

configuration controller accessible from the logic array

low power consumption (GlobalFoundries 28 nm SLP process)

Veore 0.9V to 1.1V

patented Multi-Die concept (A1/A2/A4)

324-ball BGA, 15x15mm Cologne
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GateMate FPGA — FOSS Toolchain

Synthesis | Implementation | Configuration

A . TAG/SPL/
VeriogF—>  yosys nextpnr > "bt [ open | "%
GHDL—b  + [ soc |, . FPGA ——»

TCL ABC | 5 vrpL  [python—| L Loader

Verilog|: VHDL
Library| iLibrary

Patrick Urban, Cologne Chip AG, July 3, 2025
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A Case for Designing a Module

GateMate FPGA is the best thing
since XC6200

an Evaluation Kit was not available
back in mid-2020

a module is smaller and reusable
freedom for experiments

best way to get to know a new chip i ‘ Bl e
155 rev21i R

fun and easy exercise with KiCad
...at least it seemed so at the
beginning
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USB 1.1 — Low- and Full-Speed (1.5/12 Mbps)

J1

USB_B USB Transceiver FPGA 1/0 (1.8..3.3V)
\Vbus_detect

@ VBUS 1 Connect

RL_20..30 Oh g

o0+ S (e m RCV

2 ob- 'Rz 20..30 Oh W

55 7 A I v
Speed

mt /N o1 /N 02 Suspend

GND
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USB 2.0 — High-speed (480 Mbps)

"
g USB 2.0 PHY FPGA 1/0 (1.8.3.3V)
ULPI pL7..0]
@ vBus<L STP
NXT
3 DIR
D+

=Ji RST#
£z Clk (60MHz)
mt N o1 /N b2 \

<~

GND
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USB 3.x — SuperSpeed (5 Gbps)

n
USB3A USB 2.0 PHY FPGA 1/0 (1.8..3.3V)
1 uLel pL7-.0]
VBUS P
NXT
D § i DIR
D+ RST#
Clk (60MHz)
SSRX—ef2
SSRX+2
o
@ Z . ssTX g
& % % SSTX+ FPGA SerDes (5 Gb/s)
3N+l RX +/—
: f T
X +/—
GND ] 3
2
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USB Type-C Connector (good side)

compact (= 8.3 x 2.5 mm) and durable ( 10000 mating cycles)
flip-able/reversible plugs and cables

current rating (3A standard, up to 5A)

supports all past USB Specifications

® USB4 Gen2/Gen3
® USB 3.2 Genl/Gen2

* USB 2.0 LS/FS/HS \

it is the law in Europe
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USB Type-C Connector (the opposite side)

Basic USB Type-C System Implementation Model

Jucsi
Product Functional Embedded Controller
Alt Mode usa4™ s usB < USB Type-C
Interface Data Port Data Port Port Manager
I M ; m m Jiac
é \ / USB Type-C/PD Power Power
HS M
\SBU Mux W / Port Controller PmIC Source Sink
SBU1/2 Port
Termination
UsB2.0 CC1/2, SBU1/2 VCONN
USB4 / USB 3.2 VBUS, GND
v {

( Receptacle )

Brad Saunders, Co-Chair, USB Type-C Working Group, November 19, 2019
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GMM-7550 USB Adapter (block diagram)

GMM-7550
USB 3.4 Gen.1 SERDES (5 Ghps)
5 Gops
2:4 mux/redriver T/ R
(TIUSBS62)
Experimantal USB 3.1 | o D4/ Use 2.0
enl xL. 5 Gbps Xz ULPI PHY
— ORD {UFP/DFP, & . (USE33x)
- PD sink/saurce E
cea/ee2
SB 1
== VBUS Driver/Recelver
(s1ifsB03E)
12¢
USB PD
Power Path N (5)
v -
/1
monitoring
BUS
5V 1
usB 2.0 Contral (GPIO, 12C)
UFF (device) o
pawer sink (5v) I D+/D— TG
— configurati o RP2040
— cantrol e SEl
~ debug usr
cet/ce2

pull—dawn
5.1k
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GMM-7550 USB Adapter
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Existing FOSS Implementations

® ValentyUSB (Migen/LiteX, Full Speed)

¢ Daisho USB Core (archived since 2021, Verilog (7), Altera Cyclone IV, external
USB 3.0 transceiver)

® LUNA (Amaranth, Great Scott Gadgets, supported by NLnet, targeting Lattice
ECP5 SerDes)

[ ]

several other semi-finished cores, mostly Low-/Full-Speed
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Up and Down Sides of Software Develoment Model

® Python libs versions hell (virtrual environments

seems to be the only sane way) _/ =

e forks: finding “the best” one, or a functioning one, E
at least

® Python-based HDLs: simplify a lot of routine, but — .
stay on the same abstraction level E'.E. '~~i

® integration with embedded software: Zephyr RTOS
has a USB stack, but none of the FPGA IP cores is

supported

... still the fastest and easiest (by a huge margin) way to try out things and to verify if
hardware works
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GateMage FPGA SerDes

X X
00B |emph.

TXPCS

PRBS
generator

FPGA TX
interface

near-end PMA near-end PCS far-end PCS far-end PMA
loopback loopback loopback loopback
RX PMA RX PCS
Comma
»—» detect &
align Elastic
4 buffer
RXEQ| DFE
< SISO > ol , » FPGARX
RX 00B interface
PRBS
> checker
ADPLL ’ Register file
Figure 2.29: Simplified SerDes blockdiagram
Anton Kuzmin
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SerDes Support Functions
® reset, initialization, PLL configuration tpem [
® transmitter RX detection
e receiver Electrical Idle (EI) detection m """"" B — N
® Low Frequency Periodic Signaling (LFPS) tBurst
¢ Compliance Patterns (CP0..CP8) o

¢ tuning of TX and RX PMA analog parameters
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Already Done/Working

test SoC: VexRiscv running Zephyr with shell

Power Delivery Controller (sink, source, orientation)
USB 1.1 Full-Speed (ValentyUSB with minimal changes)
access ULPI registers (custom VHDL)

® SerDes initialization, LFPS, CPx
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Next Steps

Spread-Spectrum Clocking (SSC)
Link Training and Status State Machine (LTSSM)
PHY compliance test

® ...what's next?
custom VHDL vs port/extend LUNA (Amaranth)

fixed hardware functionality vs universal controller and firmware (Zephyr driver)
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Thank youl

Anton Kuzmin
akQgmm7550.dev
https://github.com/gmm-7550/

Questions? ..
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GateMate FPGA Architecture (2/3)

SerDes 32 Block RAMs
interface _ /// !,ELLSI [GPIO ] LGPIO | organized in 4
] ] M m columns
4pLLs | L L | N/
“ CPE array
3 5 H S [H 5 H 5 |H 5 |[@g| sox1z9
@ @ @ @ B 32x 128 each
= o o o o e
S 4 £ KH £ 4l £ |4 S [
5 5 5 5 5
8 8 o 8 o
g & | @ [ = |[] & || g
o | & ] P i g | |o
a H & |H = |H « |H =«
configuration © o (&) o (&)
bank . — H - [

Figure 2.1: Simplified architecture overview

CologneChip GateMate FPGA Datasheet, DS1001, January 2023, page 21
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GateMate FPGA Architecture (3/3)

coaw
>3
EEEE
5555
3333
oaoa
% ﬁ AA
NN
o> 0uT1
or
s [||| |3
g
FF 3 el >ouT2
or | gt
t—Lateh| | T > RAM_01
\ > RAM_02
" o »COUTX
Fast Signal Path Routing I > POUTX
=]
AAA
coan
>>>>
zzzzZ
=r==1=]
caod

Figure 2.2: Cologne Programmable Element (CPE)

CologneChip GateMate FPGA Datasheet, DS1001, January 2023, page 22
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GMM-7550 Module

Cologne Chip GateMate FPGA CCGM1A1

wide-range input power

®

module control: discrete signals and 1°C

rev 2.1

8 1/0 banks available on 4 connectors
with identical pinout

5 Gbps SerDes

programmable clock

o
0
I
=

|
=
=
o

1.
-
-

all configuration modes are supported
(Active and Passive SPI, and JTAG)
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Memory Extension Module

e SRAM 512K x8 (CY7C1049GN30-10ZSXI)
® QSPI-NOR 128Mb (16MiB, 1S25LP128-JBLE)

® mechanical design validation
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GMM-7550 Module — Power

® wide input range (2.9 .. 6.5V), may be powered directly from a 3.3V baseboard,
5V USB, or single cell Li-Pol

® DC-DC are synchronized to the base clock and run in counter-phase
(default 1.25 MHz, PLL programming option)

® 0.9/1.0/1.1V Vcore (build-time option)

® Vi, may be supplied directly on the module (2.5V, build-time option) or from
a baseboard (individually for each 1/O bank)

e ADP2164 step-down DC-DC, Vi, (2.5V) and Vere are rated up to 4A
® separate LDO (ADP1753) for SerDes and SerDes PLL, 1.0/1.1V, 800mA

® input voltage monitor/reset generator on the module, an external reset input, and
12C controllable reset
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GMM-7550 Module — Clock

Texas Instruments CDCE6214 PLL with internal EEPROM
25 MHz crystal on the module

LVDS reference clock input

single-ended (LVCMOS 2.5V) and two differential output clocks
default 100 MHz differential clock to the FPGA SER_CLK input
dedicated output for DC-DC synchronization
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GMM-7550 Module — FPGA Configuration

® JTAG (2.5V) available on the module connector

e Active Serial mode from SPI-NOR on the module or on a baseboard
® Passive Serial mode from a baseboard

e configuration mode and SPI connection configurable via 12C

® SPI-NOR on the module is accessible from a baseboard

e default mode: Active Serial from SPI-NOR on the module

Anton Kuzmin USB Implementation with GateMate FPGA FDF 2026 30/ 30



	Intro
	GateMate FPGA
	GMM-7550 Module

	USB Physical Layers
	USB 3 Project
	GMM-7550 USB Adapter
	Gateware

	Backup slides

