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1 Introduction

This project involves the electronics design of a schematic and layout of a carrier board for an FPGA

System-on-Chip (SoC) module to be used for the readout of a generic R&D pixel detector such as the

ones from the MALTA family. The module selected is the TE0741-05-D2C-1-A [1] from Trenz Electronics.

It has an AMD Kintex™ 7 325T-2C and 32 MByte QSPI flash memory. It also has a 3-connector interface

that is the similar to many other models. This report outlines the project challenges and the current state

of the art.

1.1 Current Status

TheMALTA carrier board requires a FPGA evaluation board for data acquisition. Currently, it is connected

to commercially available evaluation boards such as the Xilinx 7-series evaluation board, more specifically

the KC705 [2] or the Xilinx Virtex VC-707 [3]. The KC705 board is shown in Figure 1.

Figure 1: Kintex7 FPGA KC705 Evaluation Kit [2]

The KC705 FPGA kit allows for asynchronous sampling of the data from the FMC Connector using an

asynchronous oversampling technique in the FPGA. The hits are then stored in a First-In-First-out (FIFO)

and are made available through the ethernet using the IPbus protocol [4].

The current board being used has been discontinued by the manufacturer. It can still be purchased
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but some of the components are obsolete. The price is high; directly from AMD, the board retailed for

$2,748. The ethernet controller Marvell Alaska Ethernet 88E1111 present in the KC705, is obsolete and

needs to be replaced. An equivalent ethernet controller, which supports the SGMII interface, should be

identified and used, as the firmware is only compatible with this particular interface. Alternative boards

in consideration will also become obsolete over the years resulting in a similar situation. There are also

parts present on the board which is not used in the current set-up. These can be removed and more

useful parts such as SMA ports can be added.

2 Proposed Solution and Details of the Multipurpose Carrier Board

Trenz Electronic sells FPGA modules without a carrier board. As previously mentioned, we have consid-

ered the TE0741-05-D2C-1-A [1], shown in Figure 2.

Figure 2: TE0741-05-D2C-1-A FPGA Module [1].

A carrier board is then designed around the module only with required components. The physical foot-

print, i.e., the dimensions, together with the position of the mounting holes are kept the same. In this

way, it fits in the current set-up without any modifications. Only the required components are kept in

this design. The list, shown in the table 1, compares the parts in KC705 and the parts that are required

and thus present on the Multipurpose Carrier Board. A commercial carrier board cannot be used for this

purpose as 2 FMC connectors are required with Gigabit Ethernet. This is currently not available.

This Multipurpose Carrier Board with the TE0741 module significantly brings the cost down. The TE-0741

is currently sold at 854 Euros [1]; the carrier board is estimated to cost 600 CHF. The total cost is hence

less than a new FPGA evaluation board from AMD, costing a minimum of ∼2.6k USD.

The Multipurpose Carrier Board also avoids the obsolescence problem. With small updates and modifi-

cations, the board can fit other FPGA modules. So, even if the selected module is discontinued, it can
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Table 1: Components In KC705 Compared to Multipurpose Carrier Board.

Components in KC705 Present in Multipurpose Carrier Board

PM Bus Connector No
Linear BPI Flash Memory (128 MB) Yes

Config Mode/Upper Linear Flash Address Switch Yes
USB JTAG Interface Yes

Status LEDs Yes
10/100/1000 MHz Ethernet PHY (RJ46) Yes

HDMI Output No
GTX SMA Transceiver and Clock Yes
PCI Express Connector (8-lane) No

Kintex-7 XC7K325T Yes
User Rotary Switch (located under LCD) No

DDR3 SODIMM Memory (1GB) No
LCD Character Display No
User Push Bottons Yes

FPGA Prog Push Button Yes
User DIP Switch Yes

12V Power Yes
Power Switch Yes
User LEDs Yes

SD Card Interface No
User SMA Yes

User SMA Clock Yes
FMC (LCP, 1X GTX) Yes
FMC (HCP, 4x GTX) Yes

XADC Header No
SFP/SFP+ Connector No

be easily replaced. A large number of modules available fits our requirements. From Trenz Electronic,

four more models are available [5].

The Multipurpose Carrier Board allows for 65 Low Voltage Differential Signals (LVDS) at 1 Gbps. This

is enough for the current MALTA telescope, which requires less than 50 differential signal pairs. The

speed of data transmission is also similar to the KC705 as both FPGAs are the same speed grade of ’-2’

[6]. Multi-Gigabit Transceiver (MGT) I/O pins are also present; communication over ethernet is therefore

possible at 1000 Mb/s. Other non-differential pins are then used for switches and LEDs. The carrier

board also has an ethernet controller, and flash memory for data storage.

Since the symbol of TE0741 was not available online or on the CERN Altium library, it was made in

Altium Component Maker. It was made available on the CERN Altium library if required for future design

modifications of the Multipurpose Carrier Board. The current PCB layout (not completely finished) is
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shown in Figure 3.

Figure 3: PCB Layout of the Carrier Board.

Comparing to Figure 1, it can be seen that FMC Connectors, USB JTAG Interface, Ethernet PHY, 12 V

Power and Power Switch are kept in a similar position. This allows for seamless fitting in the current

set-up. The voltage is kept at 12 V with the same power port so that the same power supply can be used.

Voltage controllers and regulators are put in place to drop down the voltage to the required 1.0 V, 1.8 V,

2.5 V, 3.3 V and 5.0 V. The components requiring each voltage is shown in table 2.

Table 2: Voltage and Components Requiring the Voltage

Voltage (V) Component Requiring the Voltage

1.0 Ethernet Controller
1.8 Ethernet Controller
2.5 Ethernet Controller
3.3 Ethernet Controller and TE0741
5.0 TE0741

3 Specification of the Multipurpose Carrier Board

The KC705 FPGA evaluation board uses a high-pin-count (HPC) and a low-pin-count (LPC) FMC connec-

tor together with ethernet connection for communication. The same is true for the Multipurpose Carrier

Board. The details are discussed below.
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3.1 HPC FMC Connector

The HPC FMC connector is used to connect the Multipurpose Carrier Board to the MALTA Carrier Board.

The schematic of the FMC connector on Multipurpose Carrier Board is shown in Figure 4 while that on

the MALTA Carrier Board in Figure 5. To make it compatible with the current MALTA carrier board, the

connections are kept the same. The ’L0 P1’ to ’L0 P31’ are differential data pins. ’VPULSE’ is used to

trigger the charge injection circuit. ’RST N LVL’ is an active low pin, resetting the FPGA when the voltage

is low. ’SC I’ and ’SC O’ are slow control input and output respectively. ’VREF’ serves as a reference

voltage to adjust the logic levels. ’TRIGGER I’ is clock signal for the periphery. The frequency goes as

high as 40 MHz.

’SC LOAD’ present in the Multipurpose Carrier Board, is a slow control lead. The configuration of the

chip is sent through ’SC I’ pins to the chip. Enabling ’SC LOAD’ for one clock cycle causes the chip to

load the configuration in memory. This was implemented in MALTA 2. Therefore, it is absent from the

schematic in Figure 5 as the latter is from MALTA 1.

Figure 4: HPC FMC on the Multipurpose Carrier Board

3.2 LPC FMC Connector

LPC FMC connector, shown in Figure 6 is mainly used to increase the number of SMA connectors. LEDs

are also present to visualise data transmission. Resistors present prevent damage to the LEDs when the

voltage is higher then the voltage threshold of the latter.
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Figure 5: HPC FMC on the MALTA Carrier Board

Figure 6: LPC FMC on the MALTA Carrier Board
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3.3 Ethernet Controller

The current FPGA Evaluation Kit KC705 uses a Marvell Alaska 88E1111 as ethernet controller. As pre-

viously mentioned, the latter is obsolete and has been termed as a legacy product by the manufacturer

[7]. Therefore, for the Multipurpose Carrier Board, the DP83867ERGZR ethernet controller from Texas

Instrument is used [8]. It allows for data transfer at 1000 Mb/s with the required SGMII interface. Its pin

configuration is shown in Figure 7. The pin functions are described in the Figure 8.

Figure 7: Pin Configuration of the Ethernet Controller.

The SGMII interface is planned to be used as it is the only interface supported by the IPbus protocol.

Therefore, pins corresponding only to this interface is routed while those for the RGMII interface are

not connected. Other pins such as for power (1.0 V, 1.8 V, 2.5 V, 3.3 V) and resets are also linked.

The differential signal pair is routed to the FPGA module through MGT pins to allow for data transfer at

1000 Mb/s. The MDC and MDIO pins are also linked to the FPGA module. Three differential pairs are

connected between the ethernet controller and the PHY. Capacitors and resistors are routed accordingly

to cancel DC voltages and reduce noise level through RC filtering. LEDs are used to indicate when a link

is established (LED LINK ACT), when there is traffic (LED TRAFFIC) and when the connection is at 1000

MB/s (LED LINK 1000). The completed schematic is shown in Figure 9. The PHY is shown in Figure 10.
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Figure 8: Pin Configuration of Ethernet Controller [8]

Figure 9: Schematic of Ethernet Controller
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An oscillator is also present to produce a periodic electronic signal at 25.00 MHz. This signal is required

for the proper transmission and reception of data packets. The schematic of the oscillator is shown in

Figure 11.

Figure 10: Schematic of Ethernet PHY Figure 11: Schematic of Oscillator

4 Conclusion and Future Work

The schematic of the Multipurpose Carrier Board has been completed. Layout has also been started with

about 75% completed. The estimated time required to finish the routing is about 2 weeks. After that, the

PCB will be sent for a quotation, followed by manufacturing and assembly. Testing and verification will

then be carried out.

Currently, the MALTA Telescope uses 6 FPGA boards; one board is used on each plane. This is a

limitation of the FPGA; the latter does not have enough LVDS I/O pins to support two MALTA Carrier

Boards. The TE0741 has 65 LVDS and each MALTA Carrier Board requires 45. Therefore, each FPGA

can only support a single MALTA Carrier Board. Future improvement could involve the use of an FPGA

which has at least 90 LVDS pins. Thus, one Multipurpose Carrier Board will be able to connect to two

MALTA Carrier Boards. The number of FPGA required is cut in half and cost is also reduced.
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