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Overview

The Digilent D2-5B circuit board provides a
complete circuit development platform
centered on a Xilinx Spartan 2E FPGA. D2-5B
features include:

o A Xilinx XC25200E-200 FPGA with 200K
gates and 350MHz operation;

+ 143 user /Os routed to six standard 40-
pin expansion connectors;

+ A socket for a JTAG-programmable
18V02 configuration Flash ROM;

+ Dual on-board 1.5A power regulators
1.8V and 3.3V7;

+« An SMD 50MHz oscillator, and a socket
for a second oscillator;

o A JTAG programming port;

+ A status LED and pushbutton for basic
o,

The D2-5B has been designed to work
seamlessly with all versions of the Xilinx ISE
CAD tools, including the free WebPack tools
available from the Xilinx website. A growing
collection of low-cost expansion boards can be
used with the D2-5B to add analog and digital
/O capabilities, as well as various data ports
like Ethernet and USB. The D2-5SB board ships
with a power supply and programming cable,
so designs can be implemented immediately
without the need for any additicnal hardware.

Functional Description

The Digilab D2-SB provides a minimal system
that can be used to rapidly implement FPGA-
based circuits, or to gain exposure to Xilinx
CAD tools and Spartan 2E devices. The D2-SB
provides only the essential supporting devices
for the Spartan 2E FPGA, including clock
sources and power supplies. All available /0
signals are routed to standard expansion
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Figure 1. D2-SB Circuit Board Block Diagram

connectors that mate with 40-pin, 100 mil
spaced DIP headers available from any
catalog distributor. A pushbutton and LED are
also included for basic /0. (See Figure 1)

The D2-5B board has been designed to serve
primarily as a host for peripheral boards. Each
of the six expansion connectors provides the
unregulated supply voltage (VU), 3.3V, GND,
and 32 FPGA I/O signals. Because there are
more connactor pins than FPGA pins, the A1,
B1 and C1 connectors share an 18-pin “system
bus”, and not all pins on the B expansion
connectors are used. JTAG signals are also
routed to the A1, B1, and C1 expansion
connectors. This allows peripheral boards to
drive the scan chain, or to be configured along
with the Spartan 2E FPGA.

Application-specific peripheral boards can be
created to mate with the D2-SB, or ready-
made penpheral boards that offer many
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standard functions can be obtained from
Digilent (see www.digilentine.com).
JTAG Ports and Device Configuration

The Spartan 2E FPGA |, the 18v00 ROM an
the D2-SB, and any programmable devices an
penpheral boards aftached to the D2-5SB can
be programmed via the JTAG port. The JTAG
scan chain is routed fo the FPGA and ROM on
the D2-SB and then around the board to four
connection ports as shown in Figure 2. The
primary configuration port (Pert 1) uses a
standard 6-pin JTAG header (J7) that can
accommedate Digilent's JTAG3 cable (or
cables from Xilinx or other vendors). The other
three JTAG programming ports are available
on the A1, B1, and C1 expansion connectors,
and these ports are bi-directional. If no
penpheral board is present, a buffer on the D2-
SB removes the expansion connector from the
JTAG chain. If a peripheral board with a JTAG
device is attached, the scan chain is driven out
the expansion connector so that any JTAG-
programmable parts can be configured. If a
Digilent port module is connected to one of the
three JTAG-enabled expansion connectors,
then the port module can drive the JTAG chain
to program all devices in the scan chain (port
madules include Ethernet, USB, EPP parallel,
and serial modules — see www.digilentine.com
for more information).

The scan chain can be driven from the primary
port by powering on the D2-5B, connecting it
to a PC with a JTAG programming cable, and
running the “auto-detect” feature of the
configuration software. The configuration
software allows devices in the scan chain to be
selectively programmed with any available
configuration file. If no programming ROM is
loaded in the 1C5 socket (or if ROM is present
but is not to be included in the scan chain),
Jumper-shunts must be loaded at JP1 and JP2
in the “Bypass ROM" location to route the
JTAG chain around the ROM socket. If an
18V02 (or larger) ROM is loaded in the IC5
socket, it can be included in the scan chain by
loading the JP1 and JP2 jumper-shunts in the
“Include ROM" positions.

If a programming ROM is present in the I1C5
socket, the FPGA will automatically access the

ROM for configuration data if jumper shunts
are loaded in all three positions of J8 (M2, M1,
and MO).

Port modules attached to ports A1, B1, or C1
can drive the scan chain if a jJumper-shunt is
installed on the primary JTAG header across
the TDI and TDO pins. In their default state,
Digilent port modules will appear as a JTAG
cable to the configuration software. Port
modules can disable their JTAG drivers; if
more than one JTAG driver is enabled on the
scan chain, programming may fail.
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Figure 2. JTAG Signal Routing on D2-5B
Power Supplies

The D2-5B board uses two LM317 voltage
regulators to produce a 1.8WDC supply for the
Spartan 2E core, and 3.3VDC supply for the
/O ring. Both regulators have good bypass
capacitance, allowing them to supply up to
1.5A of current with less than 50mY of noise
(typical). Power can be supplied from a low-
cost wall transformer supply. The external
supply must use a 2.1mm center-positive
connector, and it must produce between 6VDC
and 12¥DC of unregulated voltage.

The D2-5B uses a four layer PCB, with the
inner layers dedicated to VCC and GND
planes. Most of the VCC plane is at 3.3V, with
an island under the FPGA at 1.8V. The FPGA
and the other ICs on the board all have
0.047uF bypass capacitors placed as close as
possible to each YCC pin.
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Total board current is dependant on FPGA
configuration, clock freguency, and extarnal
connections. In test circuits with roughly S0K
gates routed, a 50MHz clock source, and a
single expansion board aftached (the DIOS
board), approximately 200m#A +/- 30% of
supply current is drawn from the 1.8V supply,
and approximately 200mA +/- 50% is drawn
from the 3.3V supply. These currents are
strongly dependent on FPGA and peripheral
board configurations.

All FPGA 11O signals use the YCCO voltage
denved from the 3.3V supply. If ather VCCO
voltages are required, the regulater output can
be modified by changing R12 according to:

VCCO = 1.25(1 + R12IR11).

Refer to the LM317 data sheet and D2-SB
schematic for further information.

Oscillators

The D2-5B provides a 50MHz SMD primary
oscillator and a socket for a second cscillator.
The primary oscillator is connected to the
GLKZ input of the Spartan 2E {pin 182), and
the secondary oscillator is connected to
GCLK3 (pin 185). Both clock inputs can drive
the DLL on the Spartan 2E, allowing for
internal frequencies up to four times higher
than the external clock signals. Any 3.3V
oscillator in a half-size DIP package can be
loaded into the secondary oscillator socket.

Pushbutton and LED

A single pushbufton and LED are provided on
the board allowing basic status and control
functions to be implemented without a
peripheral board. As examples, the LED can
be illuminated from a signal in the FPGA to
verify that configuration has bean successful,
and the pushbutton can be used to provide a
basic reset function independent of other
inputs. The circuits are shown in Figure 2.
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Figure 2. Pushbutton and LED Circuit
Expansion Connectors

The six expansion connectors labeled A1-A2,
B1-B2, and C1-C2 use 2x20 right-angle
headers with100 mil spacing. All six
connectors have GND on pin 1, VU on pin 2,
and 3.3V on pin 3. Pins 4-35 route to FPGA IO
signals, and pins 36-40 are reserved for JTAG
andfor clock signals. (See Figure 4.)

The expansion headers provide 192 signal
connections, but the Spartan 2E-PQ208 has
only 143 available /O signals. Thus, some
FPGA signals are routed to more than one
connector. In particular, the lower 15 pins (pins
4-21) of the A1, B1, and C1 connectors are all
connected to the same 18 FPGA pins, and
they are designated as the “system bus” (a
unique chip select signal is routed to each
connector). Cther than these 18 shared
signals, all remaining FPGA signals are routed
to individual expansion connector positions.
The lower 18 pins of the A2, B2, and C2
connectors are designated as “peripheral
busses”, and each of these busses (named
PA, PB, and PC) usa 18 unique signals.

The 14 upper pins of each expansion
connector (pins 22-35) have been designated
as "module busses”. The A1, A2, C1, and C2
connectors each have fully populated module
busses (named MA1, MAZ, MC1, and MC2).
Insufficient FPGA pins were available to route
full module buses to the B connectors; only the
8 data pins of MB1 are routed, and no pins are
routed to the upper B2 expansion connector
(Le., MB2 is a “no connect”).
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System Bus

The “system bus” is a protocel used by certain
expansion boards that mimics a simple 8-bit
microprocessor bus. It uses eight data lines,
six address lines, a write-enable (WE) strobe
that can be used by the peripheral to latch
written data, an output-enable (OE) strobe that

can be used by the peripheral to enable read
data, a chip select, and a clock to enable
synchronous transfers. The diagrams, (Figure
3), below show signal timings assumed by
Digilent to create peripheral devices. However,
any bus and timing models can be used by
medifying circuits in the FPGA and attached
peripheral devices.
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Figure 3. System Bus Timing
Table 1. System Bus Timing
Symbol Parameter Time (typ)
ten Time to enable after CS assened 10ns
th Hold fime 1ns
tdoe Time to disable after OE de-gsserted 10ns
teoe Time to enable after OE asserted 15ns
fw ‘Write strobe time 10ns
tsu Data setup time ons
twd Write disable time Ons
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Table 2. D2-SB Expansion Connector Pinout
Pin # Al A2 B1 B2 Cc1 c2
n Signal Fsﬁﬂ Signal F;ﬁﬂ Signal F:%ﬂ\ Signal F;gﬂ Signal F:Ei”' Signal F|F:§I31Fx
1 |enD GHD GMD GHD GND GHD
2 vu VU U WL WU v
3 |vccas Ulsleck] (ielwick] WCC33 Wisfekck] vooas
4 |sDrRO 112 |Paiot 182 [laDR0 12 |PEIDY 71 |sDRO 112 |PCiDT 23
5 |oso 111 |Faioz 181 [oBO 111 |FBIDZ2 70 |oBO 111 |Fcioz 22
G |sDR1 110 |Paln3 180 [|aDR1 110 |PBID3 28 |aDR1 110 |PCi03 21
7 |os1 108 |Pains 152 [DB1 108 |PBID4 g8 |oB1 108 |Pciog 20
g8 |sDR2 108 |FAlDs 151 [laDR2 108 |FEIOS g4 |sDR2 102 |Fcios 18
0 Jos2 102 |Pains 150 (B2 102 |FEIDG 23 |oB2 102 |PCI0E 17
10 |sDR3 101_|Paio? 142 [laDR3 101_|PBIOT g2 |aDR2 101_|Pcior 18
11 |oB3 100 |Palng 145 (B3 100 |PBIDS g1 |DB3 100 |PCios 15
2 |sDRs 89 |PalDS 147 [laDR4 28 |PeIDE £0 |aDR4 p2 |Pcioe 11
13 |os4 o8 |Faloio 148 [[DB4 oz |FEID10 £0 |oB4 o8 |Pcioio 10
14 |s«DRS g7 |PalDn1d 145 [lADRS o7 |PEIDTT 58 |sDRE 7 |Pcioit ]
15 |oBs 88 _|PalDi2 141 [DBS o8 |PEIDIZ 57 |oBS B8 _|Pciniz B
18 |WE o5 |Falnis 140 [WE o8 |FEIDZ E8 |WE o5 |Pcioiz 7
17 _|oss g4 |PaID1d 132 [DB8 o4 |PEIDT4 55 |DB8 o4 |Pcioid 5
18 |eoE g3 |PaID1S 138 [|oE 22 |PEIDS 43 |oE 93 |PCI0iE 5
19 |os7 80 |PaID1S 136 (BT 20 |PEIDE 48 |oB7 50 |Pcioie 4
20 Jcsa 181 |Paini1y 135 [lcsBe zg |PBID17 47 |csc 45 |Pciniy 3
21 |LSBCLEK 7 |Fainis 134 [LsBCLK | &7 |FBIDE 48 |L=BCLK 57 |Pcioig 208
2 |MA1DBO | 150 |MAZDBO [ 133 [MEB1DBC | &6 MC1DB0 | 44 |Mczoso | 205
23 [wmatoer [ 172 [mazoet1 | 132 [meioet [ a4 MC1DB1 | 43 |mczDs1 | 204
24 IMmaiDBz | 178 |Mmazoe2 [ 120 |r.J'IEIDEE 23 MciDs2 | 42 |mczobsz | 203
25 |[MmatDB2 | 178 |mazoe3 | 127 |r.J'IE1DE2 a2 MC1082 | 41 |mczosz | 202
26 |maioss | 175 mazoes [ 126 |metioea | &t MC1DB4 | 40 |mczos4 | 201
27 |ma1oes [ 174 Imazoes [ 125 |meioes [ 75 MCiDB5 | 36 |Mczoes | 200
28 [matoces [ 172 [mazoee | 123 [metoee [ 74 Mci1DBa | 35 |mczoes | 188
29 |maiDB7 | 182 |MA2DBET | 122 [ME1DBET | 72 MC1DBT | 34 |MczDe7 | 188
30 IMat1asTs| 1828 [MmazasTE | 121 MC1ASTE| 33 |MczasTe | 184
31 |MA1DSTE| 157 |[MA2DSTE| 120 MC1D5TB| 31 |Mc2DsTE| 183
2 |MATWRT | 188 |MAZWRT [ 118 MCTWRT | 30 |mcazwrT | 182
33 IMmatwealT| 185 [mazwart| 115 MoTwaIT| 20 |mcawalt | 191
34 IMAIRST | 184 [MAZRST [ 114 MC1RST | 27 |MC2RST | 188
35 IMATINT 153 [maziNT 113 MC1INT 24 |MC2INT 188
36 TSELA UTSELS JTSELC
37 [Mms TS ™S
38 |rck [TCK TCK
39 [Too GCLKD 80 |TDO TDO GCLET 77
40 ol GHD ol TDI GHD
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Table 3. FPGA Pin Assignments
Pin # Funetion Pin # Function Pin # | Function Pin # | Function
1 GMD 53  |VCCO 105 |VCCO 157 | TDO
2 TMS 54 M2 108 PROG 152 | GND
3 PC-1017 55 PB-1014 107 |INIT 152 [TDI
4 PC-1016 53 |PB-1013 108 |ADR2 160 |PA-103
5 PC-I015 57 |PB-1012 108 |DE1 161 |PA-102
& PC-1014 58 FB-IO11 110 |ADRA1 152 [PA-101
7 PC-1013 52 FB-1010 111 DB 153 |MAT-INT
2 PC-ID12 50 |PB-1049 112 |ADRO 164 |MAI-RET
e PC-1011 51 PB-108 112 |MAZ-INT 165 |MAT-WAIT
10 PC-1010 62 PB-107 114 [MAZ-RST 1568 |[MAT-WRT
11 PiC-102 863 FEB-108 118 [MAZ-WAIT 157 [MA1-DETE
12 GMD 54 FB-105 118 MAZ-WRT 152 |[MA1-ASTH
13 VCCOo 55 |GMD 117 | GND 168 |MA1-DB7
14 VCCZINTT (1] WZCO 118 [WCCO 170 |GHD
15 PC-108 &7 WCCINT 118  [WCCINT 171 VCCOD
168 PC-107 &8 FE-104 120 [MAZ-DSTB 172 [VCCINT
17 e ] 52 |PB-103 121 |MAZ-ASTE 173 |MA1-DBE
18 PC-105 70 FB-102 122 |MAZ-DBY 174 |MAT-DBES
18 GND 71 PB-101 122 |MAZ-DBS 175 |MA1-DB4
20 PC-104 72 |GND 124 |GND 176 |MA1-DB2
21 PC-103 7 M21-DB7 125 |MAZ-DBS 177 | GMD
22 PC-102 7 M21-CBE 128 |MAZ-DB4 178 |MA1-DB2
23 PC-101 75 M21-DBS 127 |MAZ-DB3 178 [MA1-DBE1
24 MC1-INT 78 |VCCINT 128 |WCCINT 180 |MA1-DBOD
25 GMD 77 | GCLEA 128 |MAZ-DB2 181 |C5A
26 WCCO 7B WZCO 130 [WCCO 182 |GCLKZ
27 MC1-RET Te GMD 131 GHND 183 [GND
28 VCCINT 50 GCLKD 132 [MAZ-DBEA1 184 [VCCO
28 MCT-WAIT 51 M2 1-DB4 132  |MAZ2-DB2 185 |GCLK3
30 MC1-WRT = M21-DB3 124 |PA-IO18 186 [VCCINT
31 MC1-DSTB 83 M21-DB2 138 |PA-1O17 157 |BTH
32 GND 54 M=1-DB1 128 |PA-IO18 188 [MC2-INT
33 MC1-ASTB B85 |GMD 137 |GND 188 |MC2-RST
24 MC1-DB7 85 |MB1-CBD 138 |PA-IO1E 180 | GMD
5 MC1-DBG 87 LSBCLE 138 |PA-IO14 181 MC2-WAIT
L MC1-DBS B8 |CEB 140 |PA-IO12 182 |MC2-WRT
37 |VCCINT 52 |DB7 141 |PA-IO12 183 C2-DSTB
33 [vCCo B0 |VCCINT 142 |WCCINT 184 |MC2-ASTE
35 GHND g1 WCCO 142 (WCCO 185  [WCCINT
400 MC1-DB4 az GMD 144 [ GND 188 [VCCO
41 MC1-DB3 B3 |CE 145 |PA-IO11 187 |GND
42 MC1-DB2 B4 DEd 148 |PA-IO10 188 |MC2-DET
43 MC1-DB1 g5 WE 147 |PA-1O2 188 [MC2-0B4G
44 MC1-DB0 BE D85 148  |PA-1OE 200  |MC2-0BS
45 CsC 87 |ADRS 148 |PA-IOT 201 |MC2-DB4
48 PB-1C18 B2 |DB4 150 |PA-IOE 202 C2-0DB3
47 PB-1O17 ] ADR4 151 PA-IDE 203 |MC2-0B2
43 PB-1018 100 |DB3 152 |PA-IO4 204 C2-DB1
45 PB-1015 101 |ADR3 152 |DIN 205 |MC2-DBO
50 M1 102 |DB2 154 |LED 208 |PCAC18
51 GMND 102 |GND 158 |CCLK 207 | TCK
52 B0 104 DOME 158 [WCCO 208 |VCCO
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