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Introduction

The GBTX ASIC is a standard solution for providing fast control and data readout
for radiation detectors used in HEP experiments [1,2]. However, it is subject to
export control restrictions due to the usage of radiation-hard technology.
To enable the development of GBT-based readout chains in countries, where the
original GBTX can’t be exported, an FPGA-based GBTX emulator (GBTxEMU) has
been developed. Thanks to the utilization of a slightly modiﬁed GBT-FGPA
core [3], it maintains basic compatibility with standard GBT-based systems.

Hardware platform selection
The desired feature of the GBTX emulator is a low price that enables its wide
use. Therefore, the design has been prepared for a relatively simple Artix 7
FPGA chip, and uses a standard commercial module TE0712-02 manufactured by
Trenz Electronic.
The module is placed on a dedicated baseboard that provides it with necessary
communication interfaces.
For prototyping, the commercial TEBA0841-1 baseboard has been used.
The production custom versions of the base-board have been prepared in GSI
(the 1st version) and in JINR (the 2nd version).
The custom baseboards are equipped with the hardware jitter-cleaner, based on
the Si5344 chip, that simpliﬁes the ﬁrmware and improves the quality of the
recovered clock.
The prototype setup based on TE0712-02 placed in TEBA0841-1 baseboard [4]
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Various versions of the GBTxEMU boards. a) The ﬁrst version developed at GSI - the TE0712-2 module side. b) The ﬁrst version developed at GSI - the side FMC adapter for FEBs
connection. d) The second version developed at JINR, in Eurocard format and with Samtec connectors for FEBs.

Functionality
The GBTxEMU provides the basic functionality of the original GBTX - time-deterministic
transport of downlink messages, allowing synchronization and fast control of front-end and
high-speed transmission of hit data in the uplink direction. The GBTxEMU supports limited
modes of E-Link operation with a clock frequency of 40 or 80 MHz. The downlink operates with
SDR (40 or 80 Mbps) and the uplink with DDR (80 or 160 Mbps). The number of supported ELinks depends on the E-Link clock frequency and is equal to 28 for 80 MHz and 56 for 40 MHz.
The E-Link clock phase (common for all E-Links) may be controlled with the resolution of
78 ps. The E-Link input data delay may be controlled in a limited range with the resolution of
78 ps due to the usage of IDELAYE2 blocks.

Design ﬂexibility
Thanks to the FPGA-based architecture, the GBTxEMU is highly ﬂexible. The end-user may
connect his own IP blocks to the internal bus, creating additional control interfaces. A special
address space management system [5] facilitates their easy integration with the control
software. The internal registers are accessible either via the GBT link or via IPbus (using
100Mbps or 1Gbps Ethernet). The embedded Forth-based CPU may perform complex
initialization procedures during power-up and be used for interactive diagnostics.
Block diagram of the GBTxEMU showing the ﬁrmware organization.
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Various test setups using the GBTxEMU boards. a) The test setup at GSI with the 1st version. b) The test setup at WUT with the 1st version. c) The test setup at JINR with the 2nd version.

Current use and results
Diﬀerent versions of the GBTxEMU have been used in test setups in WUT, GSI, and JINR. The WUT setup is used mainly for development and testing purposes.
In GSI, the GBTxEMU has been successfully used for debugging the port of the GBT-FPGA developed the CRI readout board.
The GBTxEMU provided extended diagnostics at the slave end of the GBT link.
In JINR, the GBTxEMU is used for the development of the readout chain for the BM@N and is planned to be used in its ﬁnal version [4]. Of course the FPGA-based
design can not assure radiation hardness. However, in situations where the highest throughput of E-Links is not needed, the board may be placed at some distance
from the on-detector electronics, outside of a high magnetic ﬁeld and radiation environment. The 10-meter length copper cable connection between the front-end
electronics and GBTxEMU was proven to be stable in the BM@N STS project.
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Conclusions
The GBTX emulator (GBTxEMU) appeared to be a useful tool enabling the
development of GBT-based readout systems in locations where the original
GBTX ASIC can't be used. It has also shown its potential at debugging the GBT
links during porting of the GBT-FPGA IP core to the new FPGAs.
The GBTxEMU may be used in special versions of the GBT-based readout
chain, where radiation hardness is not essential, but the overall price of the
system may be important. It may also be a basis for creating the GBTcontrolled test setups for testing the FEE ASICs and modules connected via
GBTX-compatible E-Links.
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