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1 Introduction

The Field Programmable Gate Array Data Acquisition(FPGA) and Control Board
design offers a very compact method to interface custom electronics for a variety of
detector readout systems.

The FPGA DAq and Control board is built on a small proprietary circuit card that
is 4” by 2”. The design uses the rich resources of a Xilinx Aritix 7 FPGA and makes use
of the high number of input and output connections. The circuit board includes a high
speed fiber optic LC transceiver that provides a downlink for controlling external circuit
functions, and also a high speed (2.5Gpbs) uplink that allows high speed DAq from the
Artix 7 Gigabit transceivers.

The circuit board includes a power supply connection, on-board power supply
regulators for core FPGA and input/output voltages. Miniature coaxial connections are
provided so the user can interface common trigger or synchronization signals for testing
purposes. The main input and output connections to the board are high density
connectors that provide up to 192 single ended signals to the FPGA. These input and
output signals can be configured for a number of different type of single ended logic
levels. We will use HSTL signal levels for the initial application.

2 Functional Description

The RICH FPGA module can be used in a stapd+alone setup that interfaces to a
PC using optical Ethernet (1000BASE-SX) or in a multi-RIEH FPGA module setup that
requires other proprietary Jefferson Lab hardware (the VXS SSP module at minimum).
The RICH FPGA module has been interfaced tg"a.MAROC3A ASIC front-end mezzanine
board. The RICH FPGA was configured as_a,192/Channel TDC (1ns resolution) and
ADC event builder, providing readout data though either 1Gbps Ethernet or via the VXS
SSP. Slow controls for the MAROC3A,ASIC, and various monitoring features were also
implemented (single event upset, voltage, temperature, and MAROC3A scaler rate
monitors).

2.1 Stand-Alone Operation

In stand-alone operation, a single RICH FPGA module is used which can be
triggered from an internal signal (pulser, or front-end) or from an external trigger fed into
a coaxial TTL input. The module is controlled by a standard PC using short-range optical
gigabit Ethernet (1000BASE-SX). TCP sockets used for event data transport to the PC
and a separate TCP socket is used for device configuration and status monitoring. This
setup is very easy to use because it can work with standard PCs and is the preferred
setup when testing or characterizing front-end ASIC modules and/or front-end detectors
that require a single RICH FPGA module. Multiple RICH FPGA modules can operate in
parallel in this configuration, but they will run on independent oscillators, which degrade
the jitter performance when comparing data between the modules and also present
potential problems synchronizing events between modules. The problems with multi-
RICH FPGA modules in stand-alone mode are addressed by the CLAS12 RICH system,
which uses additional Jefferson Lab proprietary hardware.

2.2 System Synchronous Mode (CLAS12 RICH Example)

In CLAS12 RICH, there are 138 RICH FPGA modules used, which must remain
synchronized to the master oscillator and trigger (the Trigger Supervisor). This multi-
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module synchronization requires a fixed latency optical link to deliver a clock, trigger, a
data/address bus bridge, event data transport, and various prompt status signals. This is
accomplished using the Xilinx GTP transceiver in a special mode that bypasses
components that introduce timing uncertainty (RX buffer and RX comma alignment) and
instead using the RX recovered clock and phase shifting this clock to achieve word
alignment. In the TX direction, fixed latency is not needed so the local reference clock is
used to send data using clock correction in the protocol to deal with small frequency
differences between the RICH FPGA and remote end that would otherwise cause buffer
overruns or underruns.

The Jefferson Lab Sub-System-Processor (SSP) is a VXS payload
module with a VME interface to the crate CPU. The SSP contains also 32 full duplex
optical transceivers that each can interface to a RICH FPGA board. The SSP receives
the global clock and trigger signals from the Trigger Supervisor from the VXS backplane
and uses these signals to implement the complementary parts of the fixed latency link
that goes to the RICH FPGA (mainly, the SSP TX bypasses the GTX transmit buffers).
The SSP memory maps a 4kByte region of A24 VME memory to each RICH FPGA so
that the RICH FPGA registers appear to the VME CPU as if part of the VME bus. The
SSP also contains a large, 4GByte, memory buffer that RICH FPGA events can be
stored while waiting for the VME CPU to readout events in the normal way (using
Jefferson Lab CODA running on VME controllers). Up to 16 SSP modules can be
installed into a single VME crate, which could support up to 512 RICH FPGA modules.
The limiting factor is the VME CPU readout bandwidth: if the RICH FPGA modules
generated more data than the CPU can read over VME, then RICH FPGA modules and
SSPs will have to be moved to another crate. In practice, CLAS12 RICH is far from that
limit (limit is: 100MB/s using a 1GbE link on the CRU. CLAS12 RICH was reporting a
peak data rate of ~15MB/s during the last run period).

3.0 Hardware Description

The RICH FPGA hardware was/designed as an on-detector optical readout
module for CLAS12 RICH; however, by keeping the detector specific analog front-end &
digitization on a separate mezzanine interface the RICH FPGA module itself is very
generic and can interface to future mezzanine cards for a variety of applications. Figure
1 shows the PCB design top and bottom views with all components visible. On top the
LC fiber transceiver, JTAG header, 4 coaxial (2 input, 2 output), FPGA, oscillator, flash
memory, and regulators can be seen. On the bottom the 2 high density mezzanine
headers are visible.

Figure 1: FPGA ReadOut-Control Circuit Board [Top — Left; Bottom — Right]
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In Figure 2 the hardware block diagram is shown. The RICH FPGA is a fairly
generic design that allow it to adapt to various front-end PCB through the mezzanine
connectors. These mezzanine connectors provide power, reference clocks, and >200 1/O
pins that can be defined by the FPGA firmware. Currently MAROC3A front-end boards
have been developed and a new PETIROC2 front-end design underway.
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Figure 2: FPGA Data Acquisition and Control board
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4 Firmware Description
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The firmware for the RICH FPGA is modularby design consisting of peripherals,
making it easy to change the design by addingffemoving peripherals with minimal impact
on existing firmware modules. A common,peripheral bus connects to all peripheral
modules that allow registers to be read@nd written (for configuration, monitoring, etc).
The peripheral bus master either is a gigabit Ethernet controlled module (when operating
in stand-alone mode) or controlled ®y a Jlab SSP module (when operating in a larger
system synchronous mode). Peripherals can optionally generate event data when a
trigger is received. A common event builder bus allows participating modules to connect
to the main event builder which will build a complete event by waiting for event
fragments from each participating peripheral. A clock generator is responsible for
generating a necessary clocks/phases and resets needed by all peripherals in the

system.[See Figure 3]



Figure 3: CLAS12 RICH Firmware Block Diagram
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4.1 Gigabit Ehernet Optical Interface

Commercial IP was used to implement the 1Gbps Ethernet MAC and a subset of
the TCP/IP protocols (UDP, TCP, ARR¢{ PING). The Xilinx 1G Ethernet PCS/PMA IP
core implemented the 1000BASE-SX physical layer. Two TCP socket servers run in the
firmware: one that streams event data out of the FPGA and another that processes
commands for register configuration

4.1.1 Event Streaming TCP Socket

The event stream TCP server listens on port 6103. When a connection is
established, the FPGA will stream trigger event data on this socket a up to 1Gbps. The
event-streaming socket is intended for heavy traffic to support high event rates. The
event data is sent as 32-bit words (big endian) and the specific data format is defined by
the peripherals that generate it.

4.1.2 Register Configuration TCP Socket [Table 1]

The register configuration TCP server listens on port 6102. When a connection is
established, the FPGA waits for commands from the socket. The only two support
commands are Read32, Write32, and the FPGA responds only with messages
Read32_RSP after each Read32 command.
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Table 1

Write32 Read32
typedef struct typedef struct
{ {
int len; // 16 only supported len int len; //'12 only supported len
int type;  // 4 Write32 message type int type;  // 3 Write32 message type
R t int wrent;  // 1 only support wrent int rdent;  // 1 only support rdent
eques int addr;  // 32bit register address int addr;  // 32bit register address
int flags;  // 0 only support flags int flags;  // 0 only support flags
int vals[1]; //32bit data value to write } read_struct;
} write_struct;
typedef struct

{
int len; // 8 only supported len
int type;  // 0x80000003 only supported type

Response none int rdent;  // 1 only support rdent
int data[1]; // 32bit data value read
} read_rsp_struct;
void rich_write32(void *addr, int val) unsigned int rich_read32(void *addr)
{ {
write_struct ws; read_struct rs;
read_rsp_struct rs_rsp;
ws.len = 16; int len;
ws.type = 4;
ws.wrent = 1; rs.len =12;
ws.addr = (int)((long)addr); s.type =43;
ws.flags = 0; rs.rdent = 1;
Examp]e ws.vals[0] = val; rs.addr =(int)((long)addr);
write(sockfd reg, &ws, sizeof(ws)); 18.flags = 03
} write(sockfd reg, &rs, sizeof(rs));

len =read(sockfd reg, &rs_rsp, sizeof(rs_rsp));
if(len != sizeof(rs_rsp))
printf("Error in %s: socket read failed...\n", _ func_ );

return rs_rsp.data[0];

1
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4.3 Time-to-Digital Converter Peripheral Function

The TDC peripheral function is a 64 channel, 1ns resolution Time-to-Digital-
Converter. It is an extremely simple implementation on the FPGA, which doesn’t require
special tricks to implement or require calibration to achieve the targeted resolution.
Using the Xilinx ISERDESE?Z2 primitive any pin can be sampled at up to 1.25GHz using a
625MHz reference clock in DDR mode. The TDC linearity therefore suffers by the clock
duty cycle as it deviates from a nominal 50% (datasheet specifications limits this error to
200ps).

In CLAS12 RICH the MAROC3A ASIC front-end boards are used with the RICH
FPGA and sampled at 1GHz (using a 500MHz reference clock in DDR mode). Each
input pin has an ISERDESE2 in 1->8 mode at the input that serves as the fine time
measurement, forming the lower 3bits of the time measurement (1ns resolution). A
course timestamp (8ns resolution) is concatenated with the fine TDC time to form the full
TDC timestamp. Each rising or falling edge is written to a FIFO containing the TDC
timestamp, the TDC channel number, and the edge type seen. A group of 16 channels
has their FIFOs funneled into a common memory buffer that can hold 1024 hits for a
least 8us times. To prevent data loss, the sum of the hit rate in the group cannot exceed
125MHz over any 8us time span. This limit corresponds to an average hit rate of 4MHz
per channel, which is not a problem for CLAS12 RICH (which has average rates on the
order of 10kHz per channel); however, it would be a simple matter of reducing the




channel group sizes from 16 and using more TDC event builders to improve this if ever
needed.

CLAS12 RICH uses front-end ASIC boards with up to three MAROC3A ASIC.
Each ASIC provides 64 TDC channels, for a total of 192 channels the RICH FPGA must
support, which requires a total of three TDC peripherals. The event data format is
documented below as the “TDC Hit” word type. Each TDC peripheral utilizes about 10%
of the FPGA LUTs and 6% of the FPGA flip flops [FFs].

6 Readout Data Format

The readout data format utilizes the same encoding scheme defined for the JLAB
FADC250. The word length for the readout data is 32bits. The event length is variable
and depends on several factors (detector occupancy, headers, trailers, filler words).

Data Word Categories

Data words from the module are divided into two categories: Data Type Defining
(bit 31 = 1) and Data Type Continuation (bit 31 = 0). Data Type Defining words contain
a 4-bit data type tag (bits 30 - 27) along with a type dependent data payload (bits 26 - 0).
Data Type Continuation words provide additional data payload (bits 30 — 0) for the /ast
defined data type. Continuation words permit data payloads to span multiple words and
allow for efficient packing of various data types spanningsmultiple data words. Any
number of Data Type Continuation words may follow a’Data Type Defining word.

Data Type List
0 Block Header
Block Trailer
2 Event Header
3 Trigger Time
4 Reserved
5 Reserved
6 Reserved
7 Reserved
8 TDC Hit
9 ADC
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Data Not Valid (empty module)
15 Filler Word (non-data)

Data Type: Block Header
Type: 0x0
Size: 1 word
Description:  Indicates the beginning of a block of events. (High-speed readout
of a board or a set of boards is done in blocks of events)

31 30 29 28 27 26 25 24
1 | 0 | 0 | 0 | 0 | SLOTID |

23 22 21 20 19 18 17 16
SLOTID | 0 | 0 | 0 | 0 | BLOCK NUMBER |

15 14 13 12 11 10 9 8
BLOCK _NUMBER |

7 6 5 4 3 2 1 0




BLOCK_SIZE

BLOCK_NUMBER:

Event block number (used to align blocks when building events)
BLOCK_SIZE:

Number of events in block
SLOTID:

Slot ID (set by VME64x backplane)

Data Type: Block Trailer

Type: 0x1
Size: 1 word
Description: Indicates the end of a block of events. The data words in a block are bracketed
by the block header and trailer.
31 30 29 28 27 26 25 24
1 | 0 | 0 | 0 | 1 | SLOTID |
23 22 21 20 19 18 17 16
SLOTID | NUM WORDS |
15 14 13 12 11 10 9 8
NUM WORDS |
7 6 5 4 3 2 1 0
NUM WORDS |
NUM_WORDS:
Total number of words in block of events
SLOTID:

Slot ID (set by VMEG64x backplane)

Data Type: Event Header

Type: 0x2
Size: 1 word
Description: Indicates the startiof an event. The included trigger number is useful to ensure

proper alignment of'evént fragments when building events. The 21bit trigger
number (2M count) is not a limitation, as it will be used to distinguish events
within event blocks, or among events that are concurrently being built or

transported.

31 30 29 28 27 26 25 24
1 | 0 | 0 | 1 | 0 | DEV_ID |

23 22 21 20 19 18 17 16
DEV_ID | TRIGGER_ NUMBER |

15 14 13 12 11 10 9 8
TRIGGER_ NUMBER |

7 6 5 4 3 2 1 0

TRIGGER NUMBER |

DEV_ID:
RICH FPGA programmable device ID

TRIGGER_NUMBER:
Accepted event/trigger number



Data Type: Trigger Time

Type: 0x3
Size: 2 words
Description: Time of trigger occurrence relative to the most recent global reset. The time is
measured by a 48bit counter that is clocked from the 250MHz system clock. The
assertion of the global reset clears the counter. The de-assertion of global reset
enables counter and thus sets t=0 for the module. The trigger time is necessary
to ensure system synchronization and is useful in aligning event fragments when
building events.
Word 1:
31 30 29 28 27 26 25 24
| 1 | 0 | 0 | 1 | 1 | 0 | 0 | 0
23 22 21 20 19 18 17 16
| TRIGGER TIME L
15 14 13 12 11 10 9 8
| TRIGGER TIME L
7 6 5 4 3 2 1 0

TRIGGER TIME L

TRIGGER_TIME_L:
This is the lower 24bits of the trigger time

Word 2:

31 30 29 28 27 26 25 24
| 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

23 22 21 20 19 18 17 16
| TRIGGER _TIME"H

15 14 13 12 11 10 9 8
| TRIGGER TIME H

7 6 5 4 3 2 1 0

TRIGGER TIME H

TRIGGER_TIME_H:
This is the upper 24bits of the trigger time
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Data Type: TDC Hit

Type: 0x8

Size: 1 words

Description: This data type identifies a TDC hit
Word 1:

31 30 29 28 27 26 25 24
1 | 1 | 0 | 0 | 0 | EDGE | - | -
23 22 21 20 19 18 17 16
CHANNEL NUMBER
15 14 13 12 11 10 9 8
TDC_TIME
7 6 5 4 3 2 1 0

TDC_TIME
EDGE:

‘0’ — indicates hit is a leading edge (0->1 transition as seen by FPGA)
‘1’ — indicates hit is a trailing edge (1->0 transition as seen by FPGA)
CHANNEL_NUMBER:
0-191 — indicates which channel TDC corresponds to
TDC_TIME:
Ins TDC hit timestamp which is measured relative to the beginning of the defined
readout window

11



Data Type: ADC

Type: 0x9
Size: 33 words
Description: This data type contains the measured ADC values for all 64 channels of a single
MAROC ASIC.
Word 0:
31 30 29 28 27 26 25 24
| I [ 1 | o 0 [ 1 - - -
23 22 21 20 19 18 17 16
| ADC_HOLD2 |
15 14 13 12 11 10 9 8
| ADC_HOLDI1 |
7 6 5 4 3 2 1 0
| ADC_MAX BITS | - - | MAROC ID |
ADC_HOLD2:
MAROC HOLD?2 delay in 8ns ticks
ADC_HOLD1:
MAROC HOLDI delay in 8ns ticks
ADC_MAX_ BITS:
11 - 12bit ADC mode
9 — 10bit ADC mode
7 — 8bit ADC mode
MAROC_ID:
MAROC ASIC Identifier
0 3-MAROC PCB: ASIC 0§2sMAROC PCB: ASIC 0
1 3-MAROC PCB: ASICil
2 3-MAROC PCB: ASI€2,2-MAROC PCB: ASIC 1
Word 1-32:
31 30 29 28 27 26 25 24
| 0 | - | - - | ADC UPPER |
23 22 21 20 19 18 17 16
| ADC UPPER |
15 14 13 12 11 10 9 8
| - | - | - - | ADC LOWER |
7 6 5 4 3 2 1 0
| ADC LOWER |
ADC_UPPER:
MAROC ADC value for channel: (Word-1)*2+1
ADC_LOWER:

MAROC ADC value for channel: (Word-1)*2+0

Note: 8bit and 10bit ADC modes are left justified (i.e. lower bits of 12bit reported value are unused and set

0)
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Data Type: Data Not Valid

Type: 0x14
Size: 1 word
Description: Module has no data available for readout. This can if the module is being read
out too quickly after receiving (event building is in process and no data words
have been put into the buffer yet) a trigger or if the module doesn’t have any
events to report.
31 30 29 28 27 26 25 24
| 1 | 1 | 1 | 1 | 0 | UNDEFINED
23 22 21 20 19 18 17 16
| UNDEFINED
15 14 13 12 11 10 9 8
| UNDEFINED
7 6 5 4 3 2 1 0
| UNDEFINED

Data Type: Filler Word

Type: 0x15
Size: 1 word
Description: Non-data word appended to the block of events. This is used to force the total
number of 32-bit words read out of a module to be a multiple of 2 or 4 when
31 30 29 28 27 26 25 24
| 1 | 1 | 1 | 1 | 1. | UNDEFINED
23 22 21 20 19 18 17 16
| UNDEFINED
15 14 13 12 11 10 9 8
| UNDEEINED
7 6 5 4 3 2 1 0
| UNDEEINED
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7. Registers

Register Summary:
Register Name Description Address Offset
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Document Revision History

7/14/2016:
1) Initial document release. Preliminary documentation a firmware under development and
subject to change significantly as design progresses.

8 Power Supply and Current Consumption

The total current required for the FPGA-ROC board is N, with an input Voltage
range of X. There are several voltages that are created on board using voltage
regulators. Table 2 lists these Voltage levels including a brief description of what the
Voltage output is driving.
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Appendix A: Schematics
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OUT 2.60 107 108 OUT 2 61 5 Artix7I0_D-F[2A
OUT 258 00 110 OUT 2 595 Artix7I0_D-F[2A] SNALVEHET2AS
OUT 2.56 w112 OUT 257 Artix7I0_D-F[2B;
OUT 2.54 U3 114 OUT 255 5 Artix7I0_D-F[2B; = =
OUT 2 52 15 116 OUT 253 Artix7I0_D-F[2B; GND e
OUT 2,50 17 18 OUT 2 51 5 Artix7I0_D-F[28;
OUT 248 19 120 OUT 2495 Artix710_D-F[28;
21 122
F[28]{OUT 2.46 123 124 OUT 2_47 > Artix710_D-F[2C +18V D
F[28]COUT 244 125 126 OUT 2455 Artix7I0_D-F[2B; - ARG
_D-F[28]OUT 2 42 127 128 OUT 2 435 Artix7I0_D-F[2B;
Artix710_D-F[28]< OUT 2_40 129 130 OUT 2415 Artix710_D-F[28; =
_D-F[28]OUT 2.38 1B 132 OUT 239 > Artix7I0_D-F[2B; GND
Artix710_D-F[28] OUT 236 133 134 OUT 237 Artix710_D-F[2B;
Atix710_D-F[2C]< OUT 234 135 136 OUT 235 Artix7I0_D-F[2B;
Artix710_D-F[2C]<OUT 232 137 138 OUT 2335 Artix710_D-F[2C
139 140
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P2 1/0O connector

GND N
= P2 = +18V D O.1UuF XSR
12 ——
Artix710_D-F[5B]<OUT 2_30 3 4 OUT 231> Artix710_D-F[58; e =
Artix7I0_D-F[5B]< OU 5 6 OUT 229 Artix710_D-F[58; P =
Artix710_D-F[5B]< OU 7 8 OUT 2 27 Artix710_D-F[5B!
Artix710_D-F[5B]< OU 9 10 OUT 2255 Artix710_D-F[58B;
Artix7I0_D-F[5B]< OU 1 12 OUT 2235 Artix710_D-F[58!
Artix710_D-F[5B]< OUT 2_20 13 14 OUT 2 215 Artix710_D-F[58B!
Artix7I0_D-F[5C]< OUT 218 15 16 OUT 219 Artix710_D-F[5C; +18V D +33V.D
Artix7I0_D-F[5C]<OUT 2 16 17 18 OUT 2175 Artix710_D-F[5C;
19 20 0.1UF X5R
Artix710_D-F[5C]{OUT 2 14 21 22 OUT 2 15> Artix710_D-F[5C; u [l-ono
Artix710_D-F[5C]< OUT 2 12 3 2 OUT 2135 Artix710_D-F[5C; +18V D
Artix710_D-F[5C]< OUT 21 25 26 OUT 2 115 Artix710_D-F[5C; T VCCA  VCCB cg2
Artix7I0_D-F[5C]<_OU 27 28 OUT 2.9 > Artix710_D-F[5C. DR  vCcB
Artix710_D-F[5C]<_OU 29 30 OUT 2.7 5 Artix710_D-F[58; Artix710_D-F[2C][_HOLDL Al oF
Artix710_D-F[5C]<_OU 31 32 ou Artix710_D-F[5C Artix710_D-F[2C]|__HOLD2 A2 B1
Artix7I0_D-F[5C]<_OU 33 34 ou Artix710_D-F[5C Artix7I0_D-F[2C]_RSTB_R A3 B2
Artix710_D-F[5C]<_OU 35 36 ou Artix710_D-F[5C Artix710_D-F[2C][ CK R Al B3
37 38 Artix710_D-F[2C][____EN_OTAQ A5 B4
Artix710_D-F[5B]< TRANSMITON 3 } 39 0 [OR 20X TEN_EXT ADC A6 B5
QBUF R 2.X | n 2 [OR 21X [CK_EXT_ADC oot AT B6
BUF R 3 X | 3 ! EN OTAQ X | CTEST e a8 B7
HOLDL X 5 6 EN_EXT_ADC_X| 2 6N B8
HOLD2_ X a7 18 CK_EXT_ADC_X 2_| GND GND
RSTB R X 49 50
CK_R X 54 52 DOUT EXT ADC 2 X SRR
Artix710_D-F[5A]<OUT_ADC 3 } 53 54 DOUT_EXT_ADC 3 X
55 56 = L
57 58, M GND o
, 59, 60 |+5.0V_D VDD GND,
CTEST 61 62 u
63 64 +33V. D +1.8V D
(ORBOX 65 6 OR31X> 0.1uF X5R
67 68
Artix710_D-F[4B]{OUT 3 62 69 70 OUT 363 Artix7I0_D-F[4B; i SVAD ns ” [I-eno
Artix710_D-F[4B]<OUT 3 60 71 72 OUT 3 61> Artix7I0_D-F[4B ._u — vcea  vees 2 cs1
Artix710_D-F[4B]< OUT 358 73 74 OUT 3_59 > Artix710_D-F[4B, DR  VCCB 33
Artix710_D-F[4B]< OUT 3_56 75 76 OUT 3157 Artix710_D-F[4B; OR 20X Al oF
Artix7I0_D-F[4B]< OUT 3 54 7 78 OUTL8 55 Artix710_D-F[4B; OR 21X A2 B1
Artix7I0_D-F[4C]< OUT 3 52 79 80 OUT_3_53 9 Aitix710_D-F[4B; OR 30X A3 B2
Artix710_D-F[4C]< OUT 3 _50 81 82 OUT 851 > ArtixgiO_D-F[4C OR 31X Al B3
Artix710_D-F[4C]< OUT 3 48 83 84 OUTLS 49> Artix7I0, D-F[4C [QBUF R 7 X A5 B4
85 86 BUF R 3.X AS B5 QBUF R 2
Artix710_D-F[4C]{OUT 3 46 87 88 OUT 8.47 Affix710_D-F[4C] QBUF 5C 3 X oot AT B6 QBUF R 3
Artix7I0_D-F[4C]< OUT 3_44 89 90 OUT_3 455/Arix710_D-F[4C [[DOUT_EXT_ADC 2 X et A8 BT QBUF SC 3
Artix7I0_D-F[4C]< OUT 3 42 91 92 OUT 343 Artix710_D-F[4C; - GND B8 DOUT EXT_ADC_2
Artix710_D-F[4C]<OU 93 94 OUT_3 41 > Artix710_D-F[4C [[DOUT _EXT_ADC 3 X> GND GND —=
Artix7I0_D-F[4C]< OU 95 9% ou Artix7I10_D-F[4C
Artix710_D-F[4C]< OU o7 8 oU Artix710_D-F[4C SNZULVCHET2AS
Artix710_D-F[4C]<OU 9% 100 OUT 3 35 Artix710_D-F[4C
Artix710_D-F[4C]< OU 101 102 OUT 3 33> Artix710_D-F[4C = L
103 104 = i
Arix710_A-C[2C]{OU 105 106 OUT 3 31> Artix710_A-C[2C
Artix7I0_A-C[2C] OU 107 108 OUT 329 Artix7I0_A-C[2C
Artix7I0_A-C[2C]{ OU 109 110 OUT 3 275 Atix7I0_A-C[2C
Artix7I0_A-C[2C]{ OU o112 OUT 3255 Artix7I0_A-C[2C
Artix7I0_A-C[2B]{ OUT 3 22 13 114 OUT 3235 Artix7I0_A-C[28 a3V D
Artix7I0_A-C[2B]< OUT 3 20 15 116 OUT 3215 Artix7I0_A-C[28 3V 0.1uF X5R
Artix7I0_A-C[28]C OUT_3_18 117 18 OUT 3_19 Artix7I0_A-C[2B ._||=|I_I
Artix7I0_A-C[2B]{ OUT 3 16 19 120 OUT 3_175 Artix7I0_A-C[28 L
- 21 12 - 0 o
Artix7I0_A-C[2B]{OUT_3_14 123 124 OUT 315 Artix7I0_A-C[28
Artix7I0_A-C[2B]{ OUT 3 12 125 126 OUT 3 135 Artix7I0_A-C[2B
Artix7I0_A-C[2B]< OUT 3 1 127 128 OUT 3 115 Artix7I0_A-C[2B
Artix7I0_A-C[2B]<_OU 129 130 OUT 3.9 > Atix7I0_A-C[28
Artix7I0_A-C[2B]< OU 1B 132 OUT 3.7 > Atix7I0_A-C[2B
Artix7I0_A-C[2B]< OU 133 134 ou Artix710_A-C[2B;
Artix7I0_A-C[2B] OU 135 136 ou Artix7I0_A-C[28;
Artix710_A-C[2A]<_OUT 3.0 137 138 ou Artix710_A-C[28;
139 140
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External 1/0

o
=

<o <JINPUT 1]
GND
J2
<o OUTPUT 1 CAUERCR
cu +13VD C13 =
= GND
oo +33V.D
OQU
u +1.8V D
TOE (2 |_|
1DIR
1B1 1A1 OUTPUIT 1, Im;ﬂrf
182 1A2 OUTPUTAZ HISTL |
70 (it
11 2DIR
[ INPUT 2 1 2B1 2A1
[INPUT 1 282 2A2
18 vees  veea
Iq GND GND
+33V.D==  SNVAAVCATZZ5PWR =  +lBV.D
< Sx GND
3 S8
o
g5
3 GND
C: <IRPUTZ ]
0.1uF X5R
ChE = c14 +33V.D
24 GND
(o) < OUTPUT 2]
0.1UF X5R
= +18V.D C7j0 =
GND - % o
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2 3

Fiber Optic
Transceiver
+3.3V. D
cp7
0.1uF; X5R
4.7uH
1 c69
22uF X5R
0.1uF X5R —
+3.3V_D_L|H cp8 GND
u2
Endurance
0.1UF XSR _FIBER TX C N Ve
Artix710_G-I[6C][__FIBER TX N : FRER T &P TX-
Artix7I0_G-I[6C][___FIBER_TX_P ST oI eR /NM
Vee
FIBER TX DIS TXDIS
[__FIBER SCL 51 SCL
FIBER_SDA 5 SDA
Vee
Artix710_G-1[4c]¢ FIBER Rx P |—Co2J| QIUEXSR __ BBERREE B 20c pxe
-I[4CIC__FIBER RX N | I 6
Artix7I0_G-I[4C]<___FIBER RX N T o TIEER " @x
. . ee
Endurance- FTE8510N1LCN
GND
R25 R26
10K 1% 10K 1%
+33V_D
+18V_D +33V.D
cgs o
b c84
G| —— e _|_ ' GND
0.1uE X5R 1 8 0.1uF X5R
VCCA  veCB
{__FIBER SDA X >—=r AL Bl fal—— < FIBER SDA >
FIBER SCL X i A2 B2 (il FIBER SCL
41 GND EN Am||_|
PIGULS5V9509 +18V_D
N
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ARTIX7 10 BANK 13, 14, 15 Assignments

DO NOT MOVE :
ConfigRom_S_N
ConfigRom_D
ConfigRom_Q
UiB uic
UlA < 10_0_14 (52 (TRANSMITON 3 ] P2Connector[38] 1, 10.L1P.T0 Aooaras [HIE VAR
) 10_0_13 |2l OUT 2.47 < O D00 MO o2 ConfigRom D, +18V.D X 10_LIN_T0_ADON_15 (<& VAUX
- 10_L1P_T0 13 krldD OUT 2 32 X ORI A0TD0ISDINEL Sy <t (CONFigROMKG) T Z 10_L2P_TO_ADBP_15 [<i& VAUX 2 P
¥ 10 1IN T0 13 [Rail OU 3 ANn 10_L2p_T0_D02_14 I<teot S Z 1| < 10 L2N T0_ADEN 15 i< VAUX
zZ 10_L2P_T0 13 [aB16 OUT 234 P 19 LARL i Loli) 22 o 10_L3P_T0_DQS_ADIP_15 it VAUX 3P ]
< 10_L2N_T0_13 [oRBLL OUT 2 63 10_L3P_T0_DOS_PUDC_B_14 =igoz < 10_L3N_T0_DQS_ADIN_15 [<iid VAUX |
[ 10_L3P T0_DQS 13 AL OUT 235 IOZLSNATOIBQSEMCCLKIL4E T — EMCCL oS T 10 L4P. T 15 Gl QBUF R 3
10_L3N_T0_DQS_13 [<4BL OUT 2 36 10_L4F_T0_DO4_14 x5 [ CTEST R 10_LaN_T0_15 (S8 OUT 3.56
T 10.L4p_T0 13 <BAL OUT 2 37 0. L4N.T0 D514 1% JEST AR 10_L5P_TO_ADOP_15 i [ _CKR
_L4P_T0_ _L5P_TO_AD9P_15 i, ,
1O L4N_T0 13 (5Bl OUT 238 JORCSPRIONDOGRLS OUT 3 43 | 10_L5N_T0_ADIN 15 (<2 GUT 3 37
10_L5P_T0_13 [rild OUT 2 39 JORLSNA0DO ALY OR20 | i = 10_L6P_T0_15 [Hil OR31 |
10 L5N_T0_13 (@Al OUT 240 10_L6P_TO_FCS_B_14 19520 {ConfigRom S N*> 10_L6N_TO_VREF_15 <iid OR30 |
10_L6P_TO 13 i OUT 241 10_L6N_T0_D08_VREF_14 T SEE ] 10_L7P_T1_AD2P_15 322 VAUX 5P
10_L6N_TO_VREF_13 i ou 2 IOTL7R A ED0o A, 2 OR2 1 T 10_L7N_T1_AD2N_15 A%N VAUX
T io_L7p_T1 13 |QBH ouU 10_L7N_T1 D10_14 <7755 DOUT EXT ADC 2 | |0_L8P_T1 ADIOP_15 (il VAUX
10L7NTI 13 [a5B12 OUT 244 10_L8F_T1 D1l Anzl ioACA 10_L8N_T1 AD1ON 15 32> VAUX
10_L8P_T1 13 (bl ouU 10_LSN_T1_Digpris 21 HOED 10_L9P_T1_DQS_AD3P_15 21 { CK_EXT_ADC
10_L8N_T1 13 [ibid ouU 10 LQQ TL > 14 a0y o 10_L9N_T1_DQS_AD3N_15 22 ,OmCr C 3
10_L9P_T1_DQS_13 (xR0 oU 10_LN_TLDQSD18 14 =raaT on ~10_L10P_T1 AD11P_15 (2t OUT 3 3
10_L9N_T1_DQS_13 ALL ou 10_L10P7Q D14_14 B22 ou 10_L10N T1 ADLIN 15 {bll OUT 3 33 |
T 10L10P_T1_13 [l ou 10_LION_T9915_14 Regy oL 10_L11P_T1 SRCC_15 <=2 ou
10_LION_T113 [l OUT 2 52 10_L118_T1_SRUQL4 4555 o0 10_L1IN_T1_SRCC_15 4ai2s oU
10_L11P_T1_SRCC 13 <rdk OUT 2.53 10_L1IN_T1_SRCCR 70 o 10 L12P_T1_MRCC_15 << ou
10_L1IN_T1_SRCC_13 4<ili2 OUT 2 54 10_L12P_T1_MRCC_Dgly ou 10_L12N_T1_MRCC_15 4<itd
10_L12P_T1 MRCC_13 <<rld OUT 255 I L i e PUT3 47 10_L13P_T2_MRCC_15 OUT 3 38
-L12P_T1 MRCC_13 iy15 10_L13P_T2_MRCC_14 OUT 2.8 L13P_T2_MRCC_
10_L12N_TI_MRCC_13 OUT 256 jo_LisP_T2 MRCC 14 IV o2 10_L13N_T2_MRCC_15 OUT 339
10_L13P_T2_MRCC_13 OUT 257 TR s = 10_L14P_T2_SRCC_15 OUT 340
10_L13N_T2_MRCC_13 OUT 2 58 o Llar_T2_SRCC oy 10_L14N_T2_SRCC_15 oU
16_L14P_T2_SRCC_13 KEEP BLANK USED FOR DC CAP PLACEMENT 15T A o e BN 2 i0_L15P_T2_DQS.15 oU
10_L14N_T2_SRCC_13 <t OUT 2 51 |P1Connector[2C] 0 L e ks () (B = 10_L15N_T2_DQS_ADV_B_15 oU
I0_L15P_T2 DQS 13 facks OUT_ADC_3 | P2Connector[38] -L15N_T2 DS DOUT €808 14 vy o 10_L16P_T2_ A28 15 oU
10_L15N_T2_DQS_13 OUT 2 59 LG T2ECSINBRLAY Ty 7 10_L16N_T2_A27 15 oU
10_L16P_T2_13 3 OUT 260 e D GAAIE = 10_L17P_T2_A26_15
10 L16N_T2 13 (hdd OUT 2 61 JOLLTP T2 AL4.DS0_L4 = AB1s 2 10_L17N_T2_A25_15 OUT 348
10_L17P_T2_13 OUT 262 L17N T2 A18 D294 1oy 10_L18P_T2_A24_15 OUT 3.49
10 L17N T2 13 [<Si8— 10_L18°_T2_A12 D28 14 |7g OUT_79g 10_L18N_T2_A23_15 OUT 3,50
_L17N_T2_ 10 L18N_T2_AL1_D27_14 <igs OUT 2 19 O LN T2 A2 Sul 250
XCTAZ00T-1FBGABAC 10_L19P_T3_A10_D26_14 (o=is OUT 220 A T i
10_L19N_T3_AG9_D25 VREF 14 (a2 OUT 221 e TR
10_L20P_T3_AB_D24_14 (< OUT 2 22 BT e
10_L20N_T3_A07_D23_14 (i OUT 223 IS s
10_L21P_T3_DQS_14 =igr7 10_L21N_T3_DQS_A18_15
10_L21N_T3_DQS A06_D22_14 (£t OUT 2 25 LN Te Do Ale s ST
IQRC22p ATSRA0SD2131 44 i I 2 25 10 L22N_T3_A16_15 OUT 3 58
UL L A0 BP0 1 | ou| I 10_L23P_T3_FOE_B_15 OUT 3 59
10_L23P_T3_A03_D19_14 (s OUT 228 o Lzsk TS FOE b1 El it
10 L23N_T3_A02_D18_14 (b OUT 229 e e S
10_L24P_T3_A01_D17_14 («ELC OUT 230 o Lzip T3 RSL1S Lt
10_L24N_T3_A00_D16_14 [ail OUT 231 HZRLEEEE 7 i
10_25_14 oUT 2.7 25
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1 2 3 7 4 5 6
ARTIX7 10 BANK 16, 34, 35 Assignments
D) e 3 E:” 10_0_35 |kt
E < 10.0 34 (s — 9 035 (T —
& 10.0_16 OUT 3 51 @ 10_L1P_T0_34 OUT 132 |P1Connector[1B] v 10_L1P_TO_ADAP_35 <ty G 17
10_L1P_T0_16 (i OUT 3 30 v T [P0 OUT 133 | PiConnector[28] 10 LIN_TO_ADA4N 35 (<= OUTPUT 1 HSTL>
Y 10_LIN_T0_16 OUT 3 2 = e | OUT T34 | P1Connector[iB Z 10_L2P_T0_AD12P 35 <¥s5 INPUT 1 HSTL |
Z 10_L2P_TO_16 (o= OU < TR 7 [18] M 10_L2N_T0_AD12N_35 AT OUTPUT 2 HSTL>
M I0_L2N_T0 16 [igrs oU o 10_L3P 70 DQS 34 Bz S AR ADGE 10_L3P_T0_DQS_AD5P_35 i INPUT 2 HSTL |
10_L3P_T0_DQS_16 {<ig oU s ! 10_L3N_T0_DQS_AD5N_35 (<ies—
[OTISNETOID) c 10_L3N_T0_DQS_34 TRANSMITON 2 | P1Connector[2C] E
_L3N_T0_DQS_16 =g ou 10_L4P_T0_34 2 CK_SC 10_L4P_T0_85 <rpa—
10_L4P_T0_16 (<r=p5 oU ST N2 RETNESG 10 LN T0 35 et OUT 1 63 |
10_L4N_T0_16 oU ONTEPAToRY Wi UT ABC 3] P1Connector(1C] 10_L5P_TO_ADI3P_35 ¥ FIBER SCL_X__>P1Connector[3B]
10_L5P_T0_16 Kt= oU 1 oy Y 10_L5N_T0_AD13N_35 (= - FIBER_SDA_X__SP1Connector[38]
D1 10_L5N_TO0_34 UT_ADC_1[P1Connector[1C] F:
10 L5NT0 16 e oU 0 e B e 10_L6P_T0_35 rree—
10_L6P_T0_16 oU 9 e [ | 10_L6N_TO_VREF 35 [oi FIBER TX_DIS X > P1Connector{38]
D 10_L6N_TO_VREF 34 {_RST_ ADC N 1
10_L6N_T0_VREF_16 i oU 8 ol e A A 10_L7P_T1_AD6P_35
10_L7P_T1_16 oU 7 T LA 10_L7N_T1_AD6N_35 VAUX 4N |
10_L7N_T1_16 a2 OUT 3 16 10_L7N_T1.34 =3& REUREXRAR R 10_L8P_T1_ADI14P_35 <tz [bsci
CNTo C 10_L8P_T1 34 TRANSMITON 1 _|P1Connector[2C] e = G2 |
10_L8P_T1 16 g oU 5 (STt [ el 10 L8N_T1_ADI4N 35 25 {_ DR
I0_LBN_T1 16 wizye— 10_LOPT1 DQS 34 |y ol 5 10_L9P_T1_DQS_AD7P_35 tale—
10_L9P T1 DQS_16 (<7 OUT 3 14 | 10 LON T1 DOS 34 A2 ol o 10_L9N_T1 DQS_AD7N_35 [ie—
10_LON_T1_DQS_16 OUT 3 13 | 1oL Y124 [BPS o] i 10_L10P_T1_ADISP_35 i OUT 1 61
10_L10P_T1 16 A.W.I L 10N T34 [2ABS TN 10_L10N_T1 ADI5N 35 ¥ OUT 1 60
10 L10N T1716 <zso— 0 1 71 sReC 4 rtd OB 10_L11P_T1 SRCC 35 <<z OUT 1 59
10_L11P_T1 SRCC_16 Wil i SRGC 34 JabA OUTEIN 10_L11N_T1_SRCC 35 <t OUT 1 58
10_L11IN_T1_SRCC_16 10zp 1 TRCC 34 Y2 OUTBNG 10_L12P_T1_MRCC_35 49i& OUT 1 57
10_L12P_T1_MRCC_16 oU 10 LT MG ad 4 TSN 10_L12N_T1_MRCC_35 <<t OUT 1 56
10_L12N_T1_MRCC_16 oU 10 L1382 MR S 10_L13P_T2_MRCC_35 iy OUT 1 55
10_L13P_T2_MRCC_16 oU 101N P A U mL 10_L13N_T2_MRCC_35 ¢<tp OUT 1 54
10_L13N_T2_MRCC_16 oU 16 1145 T GG 34 AL e 10_L14P_T2_ SRCC 35 gtz OUT 1 53
10_L14P_T2_SRCC_16 oU I AT o) S 10_L14N_T2_SRCC_35 q OUT 1 52
10_L14N_T2_SRCC_16 OUT 3 4 e NGRS 10_L15P_T2_DQS_35 oU 1
i0_L15P_T2_DQS_34 OUT 1 1 L1
10_L15P_T2_DQS_16 oU 10 L15N T2 DOS 24 OUTEN 10_L15N_T2_DQS 35 i oU 0
10_L15N_T2_DQS_16 OUT 3 2 SR S oI 10_L16P_T2 35 e OUT 1 49
10_L16P_T2_16 OUT 3 1 B S 10 L16N_T2 35 e OUT 1 48
10_L16N_T2_16 OUT 3 0 Ao 10_L17P_T2_35 [k OUT 1 47
10_L17P_T2_34 OUT 1 30 6
10_L17P_T2_16 \OIT7NET 234 =50 10 L17N T2 35 i OUT 1 4
10_L17N_T2_16 Sl 10_L18P_T2_35 OUT 1 4
10_L18P_T2_34 OUT 1928 L4
10_L18P_T2_16 Tt oot N 10 L18N_T2 35 < OUT_1_44
10_L18N_T2_16 ONISERL NS oUT 148 10_L19P_T3 35 g OUT 1 4
10_L19P_T3_16 <OUT_3 27 | B 10_L19N_T3_VREF_35 ou 42
10_L19N_T3_VREF_34 OUT 4024 RL
10_L19N_T3_VREF_16 S oD Sl >3 10_L20P_T3 35 w5 OUT 1 41
10_L20P_T3_16 T e NIt <> 10_L20N_T3 35 (it OUT 1 40
10_L20N_T3_16 10,1215 T3 5OS 34 ol & 10_L21P_T3 DQS_35 [tso—
10_L.21P_T3_DQS_16 10 L2AN T3 DOS 34 | ol g 10_L21IN_T3_DQS_35 Ki5 OR 10
10_L21IN_T3_DQS_16 10 L2%P T3 34 |LAAB ol 5 10_L22P_T3 35 s OR 11
10_L22P_T3_16 102N T3 34 |aAB8 ol i 10 L22N"T3 35 i QBUF R 1
10_L22N_T3_16 ONGarATE u_mm ol 10_123P_T335 e OUT 1 37
10_L23P_T3_16 T T o (B ol 10 L23N T3 35 mige OUT 1 36
10_L23N_T3_16 ONGIATE 2 ol > 10_L24P_T3.35 g OUT 1 35
10_L24P_T3_16 (OT2ANET 134 [ryd ol 10_L24N_T3 35 cps
_o\rﬁ_wwww\% 0 25 34 Y7 oU 10_25_35 (<= < OUT_1 38 |P1Connector[1B]
e — XCTA200T-1FBG484C
X CTAZ00TEEBGASAC XCTA200T-1FBG484C
ug7
1
—— Nc vee ——
[ ClkouT »———— = FH—————{ CLK 4M P >
3 g CLK 40M N
+18V D 1K 1% 1K 1% ves el I
|_||\/\/\/\| SNB5LVDS100DGK
R21
= 2 Jefferson Lab
o Tite RICH FPGA Board S
0.1uF; X5R  C73 Size: B Number: Revision: pwﬂ%%ﬂwﬂmz/\ﬂa::m
Date: 2/11/2016 Time: 2:14:01 PM| Sheetl of 27 23606

File: Artix710 D-F.SchDoc

5




ARTIX7 10 BANK G - | Assignments

+1.2V_D MGT

GND
+18V D =
Place next to
__Pinug UIT  oS&<ia
(CFGBVS_0) ©S8 S8«
NEEDS TO R R
BE GNDED _|I_I o
i O = +1.0V_D_MGT} 4o MGTAVCC  MGTAVTT
Artix710_G-I[1D][_TDI R13.1 1010 o Ui 10| MGTAVCC  MGTAVTT
Artix710_G-I[1D]_TDO | UE- 100 0 E8 | MGTAVCC  MGTAVTT
Arix710_G-I[1C][ _TCK V2o TCK 0 0 EL| MGTAVCC ~ MGTAVTT
+18V D Arix710_G-I[1C]_TMS ™SO Arix710_A-C[4A] Rom_D b 9 ConfigRom_Q) Artix7I10_A-C[48] MGTAVCC ~ MGTAVTT
Artix710_G-I[1B][CFG_CLK C MGTAVTT
- CCLK_0 Attix710_A-C[4B] [ ConfigRom 5 N Lo s
ULLT vg'o oD < XCTAZ00T-1FBGABAC
R14 1K 1% Tot MLO HOLD#DQ3 &
M20 o 5
GND: - € £ | N25Q256A11EFB40E
R15 1K1% Uiz™] DONE_0 1
INIT_B_O +18V.D J o
Ri6 1K1% N2 PROGRAM_B_O L
) CFGBVS_0 oﬂ_u —
*18V.DI-¢ WA L10 GND
Ri7 1K1% 0o ve o
M) UnTo
M10 +3.3v/D
) VREFP_0 : GND
Rig 1K1% L9} VREFN_O |+\ =
N2t DxP_0
Rio. 1K1% —N9.] pxnTo b s
XCTAZ00T-1IFBGABAC £ £ e R 1%
[ONTB R24 0.1uf xsR LOUR X5R 2494
1K1
12
_— —— ©|
GND GND S3TACIZ5MO00DG
[a)
1 > 4
OF sy CHK* UIH
2 e O ok |2 0 SRK Z0MNER. | MGTREFCLKOP 216 MGTRREF 216
2 250Mhz BBl MGTREFCLKON_ 216
g —E20: MGTREFCLK1P 216
—EL0:L \IGTREFCLKIN. 216
3
B2 |I_“l FIBER_RX_P B8} MGTPRXPO 216 MGTPTXPO_216 |24
1 ) [_FIBER RXN A8 MGTPRXNG_216 MGTPTXNO 216 p-As
2 |+1.8V_D L DL} MGTPRXP1 216 MGTPTXP1 216 [-22—
3 = St} MGTPRXNI_ 216 MGTPTXN1 216 [0 —
4 TS > Artix7I0_G-I[18] B0} MGTPRXP2 216 MGTPTXP2 216 |-50—
5 A0} MGTPRXNZ_ 216 MGTPTXN2 216 [-A0—
6 TCR > Artix710_G-I[18] —2%=1 MGTPRXP3 216 MGTPTXP3 216 |-or—
7 — 9] MGTPRXN3. 216 MGTPTXN3 216 Sl —
H TDO_Artix710_G-[18] 8V D XCTA200T-1FBGABAC
10 TBI > Artix710_G-I[18] T .. 0AUEXSR
1 chs g
m R u13 c59
PG C5-1616-300-B-
— . GND
878357420 TRI VCC :
5 . R28
,HI_|>O UO—\H GNDOUTPUT CLK_30Mhz
20

@
Z
o

ECS-1616"300-B-TR

FIBER_TX_P P1Connector[3B]
{__ FIBER TX N >P1Connector(3B]

Tite RICH FPGA Board

Jefferson Lab
Fast Electronics

ERNo: Lab

o ) L 12000 Jefferson Avenue
Size: B Number: Revision: Newport News, VA OTHonas Jeferson Naional Aceleral
Date: 2/11/2016 Time: 2:14:14 PM| Sheetl of 27 23606
File: Artix710_G-1.SchDoc
5 6




+18V_D

(_VCCadc F >
F12 ™ E12 GND
+15 ] VCCo_0 VCCBATT 0 +—=5—————{+18V D co3 GND
VCCO_0 0 T 470ne L3 GND
VCCADC_0 LYY |+1.8V_D GND
VCCO_13 MPZ1608B471ATA00 GND
VCCO_13 VCCINT {+1.0v_D GND
VCCO_13 VCCINT GND
VCCOo_13 VCCINT GND
VCCo_13 VCCINT GND
VCCINT GND
VCCO_14 VCCINT GND
VCCO_14 VCCINT GND
VCCO_14 VCCINT GND
VCCO_14 VCCINT GND,
VCCO_14 VCCINT GND
VCCO_14 VCCINT GND
VCCINT GND
VCCO_15 VCCINT GND
VCCO_15 VCCINT GND,
VCCO_15 GND
VCCO_15 VCCAUX {+1.8V_D GND
VCCO_15 VCCAUX GND
VCCO_15 VCCAUX GND
VCCAUX GND
VCCO_16 VCCAUX GND
VCCO_16 o GND
VCCO 16 VCCBRAM 57 +1.0V_D GND
VCCO 16 VCCBRAM (—io GND
VCCO_16 VCCBRAM GND
VCCO_16 GND
& GND
VCCO_34 VCCOo 35 25 GND
VCCO_34 VCCO_ 35— GND
VCCO_34 VCCO 35 3 GND
VCCO_34 VCCO 35 GND
VCCO_34 VCCO_ 35— GND
VCCO_34 VCCOo_35 GND
GND
XC7A200T-1FBG484C e
GND
GND
GND
+1.8V_D GND

GNDADC_0
XCTA200T-1FBG484C

+5.0V_D
R46
1240
R49
VAUX 1P >
100
R69
[ TEmMPL VAUX 5P > R47 C94
100 237 1000pF
co8 R48 R50
VAUX TN >
4TpF L 200 100
R68 R70 3
VAUX5N > GNP
= 6.04K 100
GND +33V. D
R51
825
R54
VAUX 2P >
100
R7a R52 c95
[_TEMP2 VAUX 6P > 2 L0
100 R53 R55
VAUX 2 N >
co9 L 200 100
47pF e
R73 R75
VAUX 6 N >
L 6.04K 100
o +1.0V_D MGT
R56
249
R59
VAUX 3P >
100
R57 C96
1K 1% 1000pF
RS58 R60
VAUX 3 N >
L L 200 100
MPZ1608B471ATA00 GND
K9 +1.2V_D_MGT
GND e
301
R64
VAUX 4P >
100
R62 co7
604 1000pF
R63 R65
VAUX 4 N >
L 200 100
GND
Tite RICH FPGA Board Hefiersonlia »
Fast Electronics ._ ﬂ _u U
e . ision: 12000 Jefferson Avenue “m\ﬁw n
Size: B Number: Revision: Newport News, VA um.ilm Os mf:;,
Date: 2/11/2016 Time: 2:14:28 PM| Sheetl of 27 23606

File: Artix710_J-K.SchDoc

5




+18V D

Vimgt_AVCC=+10V_D

BANK 0 (C44, C45)

BANK 13 (C26, C28)

BANK 14 (C27, C29)

BANK 15 (C30, C31)

BANK 16 (C32, C33, C34, C35)

8 10V @3A BANK 34 (C36, C37, C38, C39)
1+1.0V_D_MGT BANK 35 (C40, C41, C42, C43)
5 +18V D
6
7
& 8 @ @ [ o o @ @ @ 14 x @ o«
2l =L 2 lcze 2 legm X _lchr 2 dowo R fenmR fck R [ R Jou R _fozs R bR |ow
4.7UF X5R EGOORIZE)-—> S L c L L O S o T “SulNTS oS S S o< Co (o]
: 10 S 2 g1 = 2 =] R 2 S N S
+33V_Dl—75+] . chs < < S < < < < < < < < <
2 Lc4 = =
I = [4.7uEX5R |C5 , o.1uF XSR
. . 1uF X5R =
GL GND
- VCC_AUX= +1.8V_D
1000pH o +18V D
+50V D
et ez fcwo  fom [ |cus
- 4.70F X5R
F10
G9 c16
& & 5 g & =
Vgt AVTT= +1.2V_D [Ho ] _ aCNE) I~ o L. . GND
H10 220F ) 5 5
+18V D c19 5 3 3 3 5
T s 1 S +18V DS S S S VCCINT DC CAPS
3 {—li-ono W0V D
12V @3A G5 3 22uF =
us {+12v_D_MGT ot . .
[ G6 | cia Cls
=S [H5 ¢ A AC . o e . .
5| N [H6 | Teruf xsr T [4.70F X5R ciel cul cilp cl cl
7N ca21 g
Co | . m I N_N.M% . M =|__ GND 5
4.7uF X5R] 1uF x5 PGO0D12 >=2 EN GL 20F L L 4
10 G2 e = )
+33V_Dl—55| BIAS . . T GND = X
ss Co Cc66 "5 4 GND 5 s
127 cnp == == == H2 S = 2 2
Ll o [+-7uE X5R [cio 0.1uF X5R < p S 3
: 1 S e °
q 0.1uF X5R) LFLL
cal TPS74401RGWT EFT
1000pH LE £
R3
oo GND+ _|=|
4.99K 1% _ B2+ VOUT3 CNTL PWR GND
54 VOUT3 INTVce
o1 VOUT3  EXTVec
t t—c;| VOUT3 FREQIPLLPF ”
= €5 VOUT3MODE/PLLIN GND
GND —Ca] VouTs CIND) L10 mE
VOouT3 TEMP2 GND  RUNL [oEpy I
TEMPL GND  RUN2 fopst ) FIDdciAL
e GND  RUN3 {+5.0v_D
GND R43 20K X2
VCC_BRAM= +L0V_D M5 e 2
_ i GND  VFBL =qE AL
VCC_INT= +1.0V_D GND  VFB2 I
& VvFB3 [oKS ’
10V @3A =3 CED . FIDUCIAL
e S SGNDPGOOD12 M2 IR @
. I SGND PGOOD3 M3 w ~ AL
SGND : : §T0 [+ ]
M4 c20 9 w B 5T Ok
COMPL 7 R9 o 243K 1% -
TKISSL COMP2 —Z7 190K 2% ¥ 48.7K 1% L
TK/SS2 COMP3
TKISS3 Al Ly
+10V_D
+50V_D 03 LTMAGS4EY#PBF +33V_D—L +8VD == L FIDUCIAL
= q a = 3 =
= 0.1uF_; CO1 GND GND GND *
3. 1 PGOOD3 PGOOD12 ﬁ
o =
6o FoggiL
+ Ay ]
GND e
axe B
= e FIDUCIAL
o & 8.
3 3 =E
o
o [y [y o
5 5 5 +5]
+18V D 3 ]
P3 S g &
. L
50V D Molex 043045-0420 = = =
T GND GND GND
0y 0 . - 1 3
RS R e L =
0.47uF X5R 4.70F X5R o1 2 4 N g
“SMBJ5.0A A no GND
m |H g Size Number Revision
SGND & = Tabloid
3 5 GND Date: 271172016 [ Sheet of
S M:\FE\. chDoc | Drawn By:

6




Appendix B: Fabrication Drawing
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