FPGA Board assembled Intel/Altera FPGA “"5CEFA5F23I7N"”

5C

Cyclone V

- TSMC 28nm low power (28LP) process technology

Enhanced logic/memory

- 1.1V core voltage

No hard PCIe and 2 hard memory controllers

- 77,000 LEs (Logic Elements)
- 29,080 ALMs (Adaptive Logic Modules)

A5

77k logic elements

- 116,320 Registers, 240 Total I/0s
- 240 GP(General Purpose)I/Os

Fineline Ball Grid Array (FBGA)

- 2 Memory controllers, 4,567,040 Memory bits

23

484 pins (22 x 22), 1 mm pitch, 23 mm square

- 150 DSP(Digital Signal Processor) blocks
- 300 18x18 Multipliers

Industrial operating temperature (-40°C to 100°C)

- 6 Fractional PLLs (Phase-Locked Loops)

Speed grade

- 4 DLLs (Delay-Locked Loops), 16 Global clocks
- 60 LVDS (Low Voltage Differential Signal)

N |Lead-free packaging

Transmitters & 60 LVDS Receivers

Top View - Wire

Cyclone V - 5CEFA5F2317

141516171819202122

IOBANK_9A | IOBANK 8A J
(0 assignable) jgned/32 assig

3456178

w

User I/O

User assigned I/O
Fitter assigned I...
Unbonded pad
Reserved pin
DEV_OE

DIFF_n

DIFF_p

DIFF_n output

Bond

2

==

e
@)
O

]
-]

FQ
n
P

w

[e)e)le)[e

oo
OOT O OO--4 ownd ~nudo Ol

e,

wim
=) |
- ~0 ©OOTO
00 0 o>
000|000
SO I0o0 o
OPUO OO0 T

O

L0000 (0GB IGO0

(@)
OreEiiae)

Al

>0 =2
wHelolle¥ol 1N i=)(e)w/EV o) e)

51000

X
-]

— AN
o0o~o0odnd

000 CHSWNOIO

oy

P <E<CcHPMTZIrRCIOTMMUOTI> O

ple: o=
000 T
0T

5

© 590
O>rT 03 00000PNPO 0T

DIFF_p output
DQ

DQS

DQSB

CLK_n

CLK_p

Other PLL
MSELO
MSEL1
MSEL2
MSEL3
CONF_DONE
DCLK

nCE

nCONFIG

TDI

TCK

T™MS

TDO
nSTATUS
Other dedicate...
VREF
VCCP/VCCR/...

o< DO
'®
S
3 < 1000
'®

Hiefelelle)]
=)is) @)=

3
co5@ 050000

DU ZIrAReTIoomMmMmONmrE

IOBANK_5B
gned/16 assig

MmO O DBTISICODDO0 D0

I0OBANK 5A
gned/16 assig

'o)e) o) ole: o] o) olleX el=); <]}
00 O0O0O0O) 003

=
EEeE G

0000 LOOPWN T

P
P/Qn/s
456

IOBANK_3A IOBANK_3B
ned/16 assi ned/32 assi

-
N
W [T
~ O
(87
B
(o))
=\

~
—
(00]
-

IOBANK_4A
gned/A8 assig

VCCA
VCCIO
VCCPD
GND

GND for ...
RREF

No connect

NISIGOTI00
NIDDBI0< D000

©
N
o
XADIOOPLHPROOREoODRLUOOLSCOH[®@VOoOLEoDn@@0® O




-

STHHTH T T

2 | (ovn
(el ||l =igom
3 (||, leem .
v eem|

w o oem
14| wem

TNNZ 'H;ng" N

wBourd

]E

Htgyclone V Co

| Vs

S Gz

SCEFAS5F23

00000000000 000OOCOOOOR
) 000000000000 0000E 00 00O

|
| > ew
~ !
o {
g
4 1
ks o=

z@ E.‘-neiB
| o3 e2¢
©

|
Mg L

A l%&?u;i'
212 %%é]
. Eﬂ:(; . n

%

' Y
[

O

O

O

D’ O




Example of pin assignment list (hcvcdac.v) for Quartus pin planner

Pin post “U5”

Pin post “U6”

FPGA Pin | I/O |Pin# I/O| FPGA Pin FPGA Pin I/O Pin# | I/O | FPGA Pin
GND - 12| - GND GND -1 2 - GND
3.3V - 13 4] - 3.3V 3.3V - 134 - 3.3V
GND - 5.6/ - GND GND - |5/6]| - GND

BANK7A_F19 | r[5] | 7 | 8 | NC |BANK7A_F18 |BANK4A_AB21| NC | 7 | 8 | NC |BANK4A_AB20
BANK7A_E19 | r[4] | 9 |10| NC |BANK7A D19 |BANK4A Y19 | NC | 9 | 10| NC |BANK4A Y20
BANK7A_C20 | r[3] |11|12| NC |BANK7A_B20 |BANK4A_AA20| NC |11]12| NC |BANK4A_AA19
BANK7A_A20 | r[2] |13]|14| NC |BANK7A A19 |BANK4A W19 | NC |13/ 14| NC |BANK4A V20
BANK7A_C19 | r[1] |15|16| NC |BANK7A_C18 |BANK4A_AB18| NC |15|16| NC |BANK4A_AB17
BANK7A_A18 | r[0] |17]|18 NC |BANK7A A17 |BANK4A U17 | NC |17|18| NC |BANK4A U16
BANK7A_B18 | g[5] |19|20| NC |BANK7A B17 [BANKSA R16 | NC |19]20| NC |BANKSA R17
BANK7A_B16 | g[4] |21]|22| NC |BANK7A C16 |BANKSA T15 | NC |21/22| NC |BANK5A R15
BANK7A_C15| g[3] |23|24 NC |BANK7A B15|BANK4A R14 | NC |23|24| NC |BANK4A P14
BANK7A_E15 | g[2] |25]|26| NC |BANK7A _F15 |BANK4A_AA15| NC |25|26| NC |BANK4A AB15
BANK7A_A15 | g[1] |27]|28 NC |BANK7A A14 |BANK4A T13 | NC |27|28| NC |BANK4A T12
BANK7A_B13 | g[0] |29[30| NC |BANK7A_A13 [BANK3B_R11 | NC |29|30| NC |BANK3B_R10
BANK7A_B12 | b[5] |31|32) NC |BANK7A A12 |BANK4A AA13| NC |31|32| NC |BANK4A AA14
BANK7A_G15| b[4] |33|34| NC |BANK7A_F14 |BANK4A Y15 | NC |33|34| NC |BANK4A_Y14
BANK7A_H13| b[3] |35|36| NC |BANK7A_G13|BANK4A_AB12| NC |35|36| NC |BANK4A AB13
BANK7A_D12| b[2] |37|38| NC |BANK7A_E12 |BANK3B_AB11| NC |37|38| NC |BANK3B_AB10
BANK7A_H11| b[1] |39]40| NC |BANK7A G12|BANK3B V10 | NC |39|40| NC |BANK3B V9

BANKSA_A10 | b[0] |41[42| NC |BANK8A A9 [BANK3B U12 | NC |41|42| NC |BANK3B U1l
BANKSA_J9 |hsyncn|43|44| NC |BANKSA H9 |BANK3B RO | NC |43]44| NC |BANK3B_T10
BANKSA_E9 |vsyncn|45[46| NC |BANKSA D9 |BANK3A T8 | NC |45]46| NC |BANK3A_ T7

BANKSA_H8 | NC |47|48| NC |BANKSA_G8 |BANK3B_N8 | NC |47|48| NC |BANK3B_P8

BANKSA_L7 NC |49|50| NC |BANKSA_K7 |BANK3A_M7 | NC |49|50| NC |BANK3A_M6

BANKSA_J7 NC |51|52| NC |BANKSA_J8 |BANK3A_N6 | NC |51|52| NC |BANK3A_P6

BANKSA_A8 | NC |53|54| NC |BANKSA_A7 |BANK3A_R5 | NC |53|54| NC |BANK3A_R6

BANKSA_B6 | NC |55|56| NC |BANKSA_B7 [BANK3B_AB8 | NC |55|56| NC |BANK3B_AAS

BANKSA_C6 | NC |57|58| NC |BANKS8A_D6 |BANK3B_AB7 | NC |57|58| NC |BANK3B_AA7

BANKSA_A5 | NC |59|60| NC |BANKS8A_B5 [BANK3B_AB5 | NC |59|60| NC |BANK3B_AB6
GND - le1]62| - GND GND - |61]62| - GND

VIN (5V) - 163 64| - VIN (5V) VIN (5V) - |63/ 64| - VIN (5V)




QMTECH Cyclone V 5CEFA5F231I7N FPGA Board
(A) Parts assembled
- Altera/Intel Cyclone V 5CEFA5F23I7N 484 pin FBGA (Fineline Ball Grid Array) FPGA
- Winbond W9825GKH-6 32MB (16M x 16) 54 pin 3.3V SDRAM x2 (16M x 32 (A[12:0], D[31:0]) configuration)
4 pin 50MHz 3.3V clock oscillator (CLK_50M)
TI TPS563201 6 pin DC/DC converter IC x3 (VIN (5V) to 3.3V, 2.5V, and 1.1V)
- Micron 3.3V N25Q128A (128Mbit (16M x 8)) 8 pin serial flash memory for SPI boot
Active Serial Standard Mode (MSEL[4:0] = 10011)
- User push switch x3 (KEY1, KEY2, nCONFIG) (open: 3.3V, push: 0V)
- User 3.3V LED x3 (LED_D1, LED_DZ2, Power on)
(B) Connectors assembled
- 64 pin 2.54mm pitch header x2 (Total 128 I/O pins) to connect signals between FPGA board and System
- 10 pin JTAG socket for programming FPGA to connect Altera/Intel USB blaster cable
- 5V1A power socket (VIN (5V))
(C) Physical board size (6.7 cm x 8.4 cm)

Altera/Intel USB blaster cable

Altera/Intel Quartus II FPGA Tool

Intel acquired Altera in 2015.

Altera goes back to be an independent company in 2024 and seeks IPO within three years.

Altera focuses on FPGA business and Intel focuses on silicon foundry business. The split must be a good choice.
USA companies are more flexible and resilient compared to Japanese companies.

(1) Verilog HDL Compiler

(2) Logic Synthesizer

(3) IP Handler

(4) Timing Analyzer

(5) Verilog HDL Simulator
ModelSim/QuestaSim by Mentor Graphics acquired by Siemens in 2017. Intel obtained a license from Siemens.
(6) Pin Planner

(7) Netlist Generator

(8) Place & Router

(9) Programmer

(10) On-board Logic Analyzer

I have applied Altera FPGA to my LSI design functional verification on real system twice as below.
- Flash memory controller LSI at ACC Micro in 1997

- USB to flash memory bridge LSI at SanDisk in 2000
Take a look at my actual FPGA application for VGA color bars.

FPGA technology advanced a lot on various fields such as design tools, process technology, packaging technology,
and LSI test equipments while all of Japanese semiconductor companies (NEC, Toshiba, Hitachi, etc.) slept for
last three decades like a fable of “The Rabbit and The Turtle”. They are “"The Rabbits”. "The Lost three decades” is
fatal and irreversible. Any fluffy funding efforts must be burnt to the ground like Al projects 1988 scorned.


https://www.oguchi-rd.com/technology/Bishamon_slide.pdf
https://www.oguchi-rd.com/Accomplishment/Projects/FPGA/VGA/VGA%20Color%20Bars%20Display%20by%20FPGA.pdf

Pin function assorted by FPGA pin names

FPGA Board FPGA Board
Al -- RREF|TL M1
GND
A2 | IOBANK_9A MSEL2 M2
A3 -- VCC 2.5V M3 VCCA 2.5V PLL6
A4 | IOBANK_9A| nCONFIG M4 GND
A5 DQ M5 TDO JTAG_TDO
A6 VCCIO 3.3V M6 | IOBANK_3A |DIFF_n I
A7 M7 DIFF_pI
IOBANK_8A
A8 DQ M8 CLK_n Open
IOBANK_3B
A9 M9 CLK_p CLK_50M
A10 DIFF_p O M10 GND
All -- GND M11 VCC 1.1V
Al12 M12 GND
DQ --
Al3 M13 VCC 1.1V
Al4 DIFF_n O M14 GND
Al5 DQ M15 VCC 1.1V
Al16| IOBANK_7A VCCIO 3.3V M16 CLK_n A2
Al7 M17 VCCPD
DQ
A18 M18 DQ AO
A19 DIFF_n O M19 | IOBANK_5B VCCIO 3.3V
A20 DQ M20 DIFF_p O Al
A21 -- GND M21 DQ D8
A22 | IOBANK_7A |DQ D30 M22 PLL D9
B1 N1 NC19
GND NC
B2 N2 NC20
B3 NC DNU1 N3 -- GND
B4 DNU2 N4 VCC 1.1V
B5 DIFF_n O N5 GND
B6 N6 | IOBANK_3A |DQS
IOBANK_8A |DQ
B7 N7 -- GND --
B8 VREF GND N8 DQS
IOBANK_3B
B9 -- GND -- N9 CLK_p Open
B10 | IOBANK_8A |DQ Open N10 VCC 1.1V
B1l1 DIFF_n O Open N11 GND
B12 | IOBANK_7A |DQ N12 VCC 1.1V
B13 DIFF_p O N13 GND
B14 -- GND -- N14 VCC 1.1V
B15 N15 GND
B16 DQ N16 | IOBANK_5B | CLK_p Open
B17 N17 -- GND
B18 DIFF_p O N18 VCCPD
IOBANK_7A
B19 VCCIO 3.3V N19 Al10
IOBANK_5B
B20 N20 DQ D14
B21 DQ D31 N21 D15
B22 D29 N22 -- GND




FPGA Board FPGA Board
C1 NC2 P1
NC GND
c2 NC1 P2
c3 h P3 - Voo 1.1V
GND
Cc4 P4 GND
C5 | IOBANK_9A | GND for P5 TMS|JTAG_TMS
c6 DQ P6 | IOBANK_3A | DQSB
c7 VCCIO 3.3V P7 DQ Open
IOBANK_8A
C8 Open P8 DQSB
DQ IOBANK_3B
(O] Open P9 CLK_n
C10 -- VCCPD 3.3V P10 GND
Cci1 DQ Open P11 vVCC 1.1V
C12 VCCIO 3.3V P12 | IOBANK_3B |DIFF_p O Open
C13 DQ Open P13 -- VCC 1.1V
IOBANK_7A
Cil4 VREF P14 | IOBANK_4A DQSB
C15 P15 -- VCC 1.1V
DQ
C16 P16 RAS
DQ
C17 -- GND P17 SD_NCSO0
C18 P18 DIFF_n O BA1
C19 Q P19 | IOBANK_5A |DQ BAO
D
C20 | IOBANK_7A P20 VCCIO 3.3V
C21 D28 P21 VCCPD
C22 VCCIO 3.3V P22 DQ D13
D1 R1 NC8
GND NC
D2 R2 -- NC7
D3 -- NG NC13 R3 GND
D4 NC14 R4 Other| FPGA_NCSO
D5 GND R5
IOBANK_3A
D6 DQ R6 DQ
IOBANK_8A
D7 DIFF_p O Open R7 Open
D8 -- VCCPD 3.3V R8 VCCIO 3.3V
D9 | IOBANK_8A | DQSB R9
D10 GND R10| IOBANK_3B DQ
D11 VCC 2.5V R11
D12 (H16?) R12 Open
IOBANK_7A |DQ
D13 Open R13 -- GND
D14 -- VCCPD 3.3V R14 | IOBANK_4A | DQS
D15 | IOBANK_7A VCCIO 3.3V R15 DQ
D16 -- VCCPD 3.3V R16 DQS
IOBANK_5A
D17 | IOBANK_7A | DQ Open R17 DQSB
D18 -- VCC 2.5V R18 VCCIO 3.3V
D19 | IOBANK_7A  DQ R19 - VCC 3.3V
D20 -- GND R20 VREF GND
D21 D22 R21 | IOBANK_5A | DEV_OE D11
IOBANK_7A | DQ
D22 D26 R22 DQ D12




FPGA Board FPGA Board
El NC15 T1
NC GND
E2 NC16 T2
E3 - T3 VCCA 2.5V PLL5
GND
E4 T4 | IOBANK_3A Other Open
E5 | IOBANK_9A MSEL3 T5 -- VCCA 2.5V PLL1
E6 -- VCC 2.5V T6 VCCIO 3.3V
E7 DIFF_n O Open T7| IOBANK_3A
E8 VCCIO 3.3V T8
IOBANK_8A DQ
E9 DQS T9 Open
E10 CLK_p Open T10| IOBANK_3B
El1l -- VCCPD 3.3V T1i1 VCCIO 3.3V
E12 | IOBANK_7A |DQ T12 DQSB
E13 -- GND T13| IOBANK_4A | DQS
E14 Open T14 DQSB Open
E15| IOBANK_7A |DQ T15| IOBANK_5A |DQ
E16 KEY2 T1i6 -- GND
E17 -- NC DNU3 T17 DIFF_n1 Open
E18 VCCIO 3.3V T18 DIFF_p1I Open
IOBANK_5A
E19 DQ T19 Do CAS
E20| IOBANK_7A |DIFF_p O D25 T20 LED_D2
E21 Q DQM3 T21 -- GND
D
E22 D24 T22 | IOBANK_5A |DQ D10
F1 U1 NC21
-- GND NC
F2 u2 NC22
F3 | IOBANK_9A Other u3 --
F4 VCCA 2.5V PLL2 u4 GND
F5 -- us
GND
F6 ué DQ Open
F7 | IOBANK_8A |DQ Open U7 | IOBANK_3A |DIFF_n O Open
F8 -- VCC 3.3V us DQ Open
Fo Open uo -- GND
IOBANK_8A |CLK_n
F10 Open u1o0 DQ Open
F11 VCCIO 3.3V Ul1l| IOBANK_3B |DQSB
F12 Open Uiz DQS
F13| IOBANK_7A bQ Open u13 DQ Open
F14 ui4 VCCIO 3.3V
F15 U15| IOBANK_4A | DQS Open
F16 -- GND uile DIFF_n1
F17 GND for GND uiz DIFF_p1I
F18 DQSB u1s8 -- VCCA 2.5V PLL3
F19 DQS u19 VCCIO 3.3V
IOBANK_7A
F20 DQ Open u20 SDWE
IOBANK_4A
F21 VCCIO 3.3V u21 DQ DQMO
F22 DIFF_n O D23 u22 D7




FPGA Board FPGA Board
G1 NC4 V1
NC -- GND
G2 NC3 V2
G3 h V3| IOBANK_3A DCLK]FPGA_DCLK
GND
G4 V4 -- GND
G5 | IOBANK_9A nCE V5 TCLK|ITAG_TCK
IOBANK_3A
G6 DQ Open V6 DQ Open
G7 | IOBANK_8A| VCCIO 3.3V 4 GND
G8 PLL V8 VCC 3.3V
G9 -- GND V9
IOBANK_3B |DQ
G10| IOBANK_8A |CLK_p Open V10
G11 DQ Open Vi1 NC NC26
G12 DQSB V12 GND
G13 CLK_n V13 DQ Open
G14 VCCIO 3.3V V14 CLK_n Open
IOBANK_7A IOBANK_4A
G15 V15 CLK_p Open
G16 DQ Open V16 CLK_n Open
G17 SDCKEO V17 -- GND
G18 DQS SDCLKO V18 Open
G19 -- GND V19 LED_D1
IOBANK_4A | DQ
G20 DIFF_p I Open V20
G21|IOBANK_7A |DIFF_nI D27 V21 D6
G22 DQ D21 V22 -- GND
H1 w1 NC10
NC
H2 W2 NC9
- GND --
H3 W3
GND
H4 w4
H5 | IOBANK_9A nSTATUS W5 TDI|JTAG_TDI
IOBANK_3A
H6| IOBANK_8A  DQ Open W6 VCCPD 3.3V
H7 -- GND W7 -- VCC 2.5V
H8 PLL W8 DQ Open
IOBANK_8A IOBANK_3A
H9 DQSB W9 DIFF_p O Open
H10 DIFF_n O Open W10 | IOBANK_3B VCCIO 3.3V
IOBANK_7A
H11 DQS W11 3.3V
VCCPD
H12 -- GND W12 3.3V
H13 CLK_p W13 VCC 2.5V
H14 DQS Open W14 VCCPD 3.3V
H15 CLK_n Open W15 VCCIO 3.3V
IOBANK_7A IOBANK_4A
H16 CLK_p (H167?) W16 CLK_p Open
H17 VCCIO 3.3V W17 VCCPD 3.3V
H18 DQSB All w18 VCC 2.5V
H19 -- VCCA 2.5V PLL4 W19 DQ
H20 DIFF_n1I Al12 W20 VCCIO 3.3V
IOBANK_7A IOBANK_4A
H21 DIFF_pI D20 W21 DIFF_p O D5
H22 -- GND W22 DQ D4




FPGA Board FPGA Board
I NC17 Y1
NC GND
12 NC18 Y2
13 - GND Y3 NC23
-- NC
14 VCC 1.1V Y4 NC24
15 GND Y5 GND
16| IOBANK_9A MSEL1 Y6 NC NC25
37 Y7 VREF GND
DQ IOBANK_3A
18| IOBANK_8A Y8 VCCIO 3.3V
J9 DQS Y9 DQ Open
310 -- VCC 1.1V Y10 DIFF_n O Open
J11|IOBANK_7A|DQ Open Y11| IOBANK_3B|DQ Open
312 -- VCC 1.1V Y12 VREF GND
J13 | IOBANK_7A | DQSB Open Y13 VCCIO 3.3V
114 VCC 1.1V Y14
115 -- GND Y15
IOBANK_4A | DQ
116 VCC 1.1V Y16 Open
3117 b0 KEY1 Y17 Open
118 | IOBANK_7A A8 Y18 -- GND
319 DIFF_p O A9 Y19
320 -- GND Y20 DQ
IOBANK_4A
121 DQS D19 Y21 D3
IOBANK_7A
322 DQSB D18 Y22 DIFF_n O D2
K1 AA1 NC12
GND NC
K2 AA2 NC11
K3 -- vCC 1.1V AA3
GND
K4 GND AA4
K5 VCC 1.1V AAS5 | IOBANK_3A Other Open
K6 | IOBANK_9A | CONF_DONE AAG -- GND
K7 | IOBANK_8A | DQ AA7
K8 -- GND AA8
IOBANK_3B | DQ
K9 | IOBANK_7A | DQ Open AA9 Open
K10 GND AA10 Open
K11 vCC 1.1V AA11 -- GND Open
K12 GND AA12| IOBANK_3B | DQ
K13 N VCC 1.1V AA13 DIFF_p O
K14 GND AA14
DQ
K15 VCC 1.1V AA15
K16 IOBANK_7A | DQ A6l | AAte VCCIO 3.3V
K17 DQS A7l | aa17 DQ Open
IOBANK_5B IOBANK_4A
K18 VCCIO 3.3V AA18 DIFF_p O Open
K19 DIFF_n I Open AA19
IOBANK_7A DQ
K20 DIFF_p I poM2| | AA20
K21 DQ D17 AA21 VCCIO 3.3V
IOBANK_5B
K22 DIFF_n O D16 AA22 DQ DO




FPGA Board FPGA Board
L1 NC6 AB1
NC -- GND
L2 NC5 AB2
L3 - GND AB3 FPGA_DATA1
IOBANK_3A Other
L4 vce 1.1V AB4 FPGA_ADSO
L5 GND ABS5 DQ
L6 | IOBANK_9A MSELO AB6 DIFF_n O
IOBANK_3B
L7 | IOBANK_8A |DQ AB7 DIFF_p O
L8| IOBANK_7A | DIFF_p O Open AB8 DQ
L9 NC DNU4 AB9 -- GND
L10 vce 1.1V AB10
IOBANK_3B | PLL
L11 GND AB11
L12 vCCe 1.1V AB12 DQ
- IOBANK_4A
L13 GND AB13 DIFF_n O
L14 vce 1.1V AB14 -- GND
L15 GND AB15 DQ
L16 vCC 1.1v AB16 VREF GND
IOBANK_4A
L17 DQSB A3 AB17
DQ
L18 A5 AB18
IOBANK_5B | DQ
L19 A4 AB19 -- GND
L20 VREF GND AB20 DIFF_n O
L21 -- GND AB21 | IOBANK_4A
DQ
L22 | IOBANK_5B | PLL DQM1 AB22 D1




Pin function assorted by FPGA IOBANKSs

FPGA Board FPGA Board
M5 TDO JTAG_TDO M8 | CLK_n Open
M6 | DIFF_n I M9 | CLK_p CLK_50M
M7 | DIFF_p I N8| DQS
N6 |DQS N9 |CLK_p Open
P5 TMS|JTAG_TMS P8| DQSB
P6| DQSB P9 | CLK_n Open
P7 DQ Open P12 | DIFF_p O Open
R4 Other| FPGA_NCSO R8| VCCIO 3.3V
R5 R9

T6 DQ R10

7 DQ
R7 Open R11
T4 Other Open R12 Open
T5 VCCA T9 Open

DQ
T6| VCCIO 3.3V T10
T7 Ti1| VCCIO 3.3V
—1pQ

IOBANK_3A T8 U1i0 | DQ Open
U6 |DQ Open Ull| DQSB
U7 | DIFF_n O Open Ui2 | DQS
U8 | DQ Open IOBANK_3B V9
V3 DCLK|FPGA_DCLK V10 PQ
V5 TCLK|JTAG_TCK W10 VCCIO 3.3V
V6 | DQ Open Y9 | DQ Open
W5 TDI|JTAG_TDI Y10 |DIFF_n O Open
W6| VCCPD Y11|DQ Open
W8|DQ Open Y12 VREF GND
W9 | DIFF_p O Open Y13| VCCIO 3.3V
Y7 VREF GND AA7
Y8| VCCIO 3.3V AA8

AA5 Open AA9 | DQ Open

TBZ’) Other| FPGA_DATA1 AA10 Open

E FPGA_ADSO AA12 Open

16 I/0s |In I/O  Out AB5|DQ
AB6 | DIFF_n O
AB7  DIFF_p O
AB8 | DQ
AB10
PLL
AB11
321/0s |In I/O0  Out




FPGA Board
AA13 DIFF_p O
AA14
AA15 PQ
AA16 VCCIO 3.3V
AA17 | DQ Open
AA18 | DIFF_p O Open
AA19
AA20 PQ
AA21 VCCIO 3.3V
IOBANK_4A AA22 DO

AB12 e
AB13 | DIFF_n O
AB15|DQ
AB16 VREF GND
AB17
AB18 PQ
AB20 | DIFF_n O
AB21

DQ
AB22 D1

48 I/0s |In I/O0 Out

FPGA Board
P14| DQSB
R14 DQS
T12 | DQSB
T13|DQS
T14 | DQSB Open
Uili3|DQ Open
uil4 VCCIO 3.3V
Ul5|DQS Open
U16|DIFF_n I
Ul7 DIFF_p1I
u19 VCCIO 3.3V
u20 SDWE
u21] DQ DQMO
E D7
V13| DQ Open
V14| CLK_n Open
V15| CLK_p Open
V16| CLK_n Open
IOBANK_4A
V18 Open
$ LED_D1
—"pQ
V20
V2t D6
W15 VCCIO 3.3V
W16 | CLK_p Open
W19|DQ
W20 VCCIO 3.3V
W21 DIFF_p O D5
W22 D4
14
vis|
Y716 Open
——pQ
Y17 Open
Y19
Y20
Y21 D3
Y22 DIFF_n O D2




FPGA Board
P16 RAS
p17| 00 SD_NCS0
P18 DIFF_n O BA1
P19|DQ BAO
P20| VCCIO 3.3V
P21, VCCPD
P22 D13
Ris| 00
R16 |DQS
IOBANK_5A R17]DQSB
R18| VCCIO 3.3V
R20 VREF GND
R21|DEV_OE D11
R22 D12
15|02
T17|DIFF_nI Open
T18|DIFF_pI Open
T19 CAS
T720DQ LED_D2
E D10
16I/0s |In I/O0 Out

FPGA Board

K17 DQS A7
K18 VCCIO 3.3V

K21/ DQ D17

K22 | DIFF_n O D16

L17| DQSB A3
L18 A5
Lo P? P4
L20 VREF GND

L22 | PLL DQM1
M16 | CLK_n A2

IOBANK_5B M17| VCCPD

M18|DQ A0
M19 VCCIO 3.3V

M20 | DIFF_p O Al
M21|DQ D8

M22| PLL D9

N16 | CLK_p Open

N18| VCCPD

N19 A10
N20 DQ D14

E D15

16 I/0s |In 1/0 Out




FPGA Board
Al12

Al13

Al14 | DIFF_n O

Al15/DQ

Al6| VCCIO 3.3V
Al7

— 1bQ

A18

Al19 | DIFF_n O

A20

——_1bQ

A22 D30
B11 DIFF_n O Open
B12 | DQ

B13 | DIFF_p O

B15

B16 | DQ

B17

B18 | DIFF_p O

B19| VCCIO 3.3V
B20

B21|DQ D31

IOBANK_7A B22 D29

C11|DQ Open
C12| VCcCIO 3.3V
C13|/DQ Open
C14 VREF

C15

C16

Cc18

— bQ

C19

C20

C21 D28
C22| VCcCIO 3.3V
D12 (H167?)
D13 Open
D15| VCCIO 3.3V
D17 Open
D19

D21 D22
—__1DbQ

D22 D26
E12

E14 Open

FPGA Board

E15

—pQ

E16 KEY2

E18 VCCIO 3.3V
E19|DQ

E20 | DIFF_p O D25

E21 DQM3
—1pQ

E22 D24

F11 VCCIO 3.3V

F12 Open
?3 Open
—DQ

F14

15

F17| GND for GND

F18 | DQSB

F19|DQS

F20| DQ Open

F21 VCCIO 3.3V

F22 | DIFF_n O D23
G11|/DQ Open

G12  DQSB

G13|CLK_n

IOBANK_7A

G14 VCCIO 3.3V

G15

EDQ Open
E SDCKEO
G18|DQS SDCLKO
G20 |DIFF_p I Open
G21|DIFF_n1 D27
G22|DQ D21

H10 | DIFF_n O Open

H11 DQS

H13|CLK_p

H14| DQS Open
H15|CLK_n Open

H16 | CLK_p (H16?)

H17 VCCIO 3.3V

H18 | DQSB All
H20 | DIFF_nI Al12
H21 | DIFF_p 1 D20
J11/DQ Open
J13|DQSB Open
J17|DQ KEY1




FPGA Board FPGA Board
J18|DQ A8 A5 DQ
J19 | DIFF_p O A9 A6 VCCIO 3.3V
J21 | DQS D19 A7
122 | DQSB D18  A8/DQ
IOBANK_7A K9 Open W
TG bQ A6 Al10 | DIFF_p O
K19 | DIFF_n1I Open B5|DIFF_n O
K20 | DIFF_p I DQM2 786 Do
L8 | DIFF_p O Open B7
801I/0s |In I/O Out B8 VREF GND
B10 Open
6 0°
Cc7 VCCIO 3.3V
FPGA Board ﬁ Open
A2 MSEL2|GND ﬁDQ Open
A4 nCONFIG| 3.3V D6
C5 GND for GND D7 DIFF_p O Open
ES MSEL3|GND D9 DQSB
F3 MSEL4]|3.3Vv IOBANK_8A E7|DIFF_nO Open
TOBANK_9A G5 nCE|GND E8| VCCIO 3.3V
H5 nSTATUS| 3.3V E9 | DQS
J6 MSEL1|3.3V E10|CLK_p Open
K6| CONF_DONE|3.3V F7|DQ Open
L6 MSELO|3.3V 7F9CLK_n Open
0I/0s |In 1/0 Out F10 Open
G6|DQ Open
G7 VCCIO 3.3V
G8|PLL
G10 |CLK_p Open
H6 |DQ Open
H8 |PLL
H9| DQSB
37
?DQ
J9|/DQS
K7
TDQ
321I/0s |In I/O0 Out

Each bank has independent power supplies (VCCIO; Vcc for I/Os and VCCPD; Vcc for I/O pads) to allow different
I/0 standards. All VCCIOs are connected to 3.3V.

IOBANK_ |3A|3B|4A|5A|5B|7A | 8A | Total
GPIO Pins| 16| 32| 48| 16| 16/ 80| 32| 240




FPGA Board Schematics

2V5

REGULATED
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JP1
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VIN 2V5
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)
uel i
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s R5 10K 5 2 4 QN
S ) EN &  vFB -
S] TPS563201 o
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- - ™
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C22
100NF
Cc21
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C54
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Cc23 C55 C53
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C59 C57
100NF  100NF

V1
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u1P UALY
R1 2 SN ——— -
3V30 Y8 | -VCCIO3A1
= i oo
5CEFA5F23 I8 cci0382
T11 .VCClO3B3
] oo
2v5 .
o =14 e vecioaa
5 W20 -VCCIO4A3
F2| VCCA_FPLL1 W15 - VCCIO4A4
U7g | ~VCCA_FPLL2 U7 | »VCCIO4A5
F79 | ~VCCA_FPLL3 RTs | »VCCIO4A6
T5| -VCCA_FPLL4 20| -VCCIOBAT
W3] »VCCA_FPLL5 Kig | - VCCIO5A2
.VCCA_FPLL6 M9 | - VCCIO5B1
Ate | Veciorat
5CEFA5F23 HIT Vocioraz
721 ~VCCIO7A3
F17] -VCCIO7A4
E15 | . VCCIO7A5
515 -VCCIO7A6
S22 »vCCio7A7
G151 ~VCCIO7A8
B15 | .VCCIO7A9
A6 | VCCIO7A10
a7 »vcciosA1
Eg | VCCIO8A2
&1 .VCCIO8A3
.VCCIO8A4
utl 5CEFA5F23
Ao .GND1  ,.GND100 s 1o
AB14 | ~GND2  ,GND99 |7 c2
AB9 | -GND3  ,,GND98 5 &1 .Nc1
ABs | -GND4  ,GND97 [a17 G2 1 .Nc2
ABT | ~GND5 .GND96 3og a1 .NC3
AAd | -GND6 ,GND95 57 5 ~NC4
AA3 | -GND7  ,.GND94 |55 T ~NC5
Yis | ~GND8  ,GND93 FgS "o .NC6
A1 ~GND9  .GND92 g3z R ~NC7
2AG | -OND10  ,GND91 |53 w2 ~NC8
ve ] ~GND11 GND90 &7 Wi ~NC9
Yo ~GND12  ,GND89 &7 AA2 | ~NC10
Y] -GND13 GND88 [7 AAT | »NC11
wa | ~GND14 GND87 55 53| ~NC12
W3 | ~GND15  GND86 [—pE D4 ~NC13
V25| ~GND16 ,GND85 55 E1] ~NC14
vis | ~GND17  ,GND84 55 E21 .NC15
viz | ~GND18  ,GND83 [E5 571 .NC16
V- ~GND19 GND82 [~E7 T2 ~NC17
Vo] ~GND20  ,GND81 [~E73 N7 ~NC18
Vi ~GND21 . GND8O [—F5 Nz | ~NC19
Us| ~GND22  .GND79 [ o7 ~NC20
U3 ~GND23  ,GND78 |5 Uz ~NC21
T21| ..GND24  ,.GND77 |45 v5 | ~NC22
Ti6|..GND25  ,GND76 53 va ~NC23
U9 | ~GND26  .GND75 [—&7g .NC24
21 Chose  oNora [
. = /GND29  GND72 {12 SCEFASF23
R3| ~GND30  ,GND71 [—ppz
P10| »GND31  ,GND70 |37 U1K
pa| ~GND32  ,.GND69 riz
55| .GND33 ,GND68 [~po5 B3
0 57| .GND34  ,GND67 5 B4 ~DNU1
INF No2 | ~GND35  ,,GND66 = Ve | ~DNU2
Ni7 | .GND36  ,.GND65 75 Vit ~NC25
NT5 ] ~GND37  ,GND64 55 £17 .NC26
NT3 | ~GND38  ,.GND63 5 o ~DNU3
NT1 ] ~GND39  ,GND62 > .DNU4
| e e o
o .GND42  ,.GND59 (o SCEFASF23
Wia| .GND43  ,GND58 |15
M1z | -GND44  GND57 |75
Mi5 | .GND45  ,GND56 T3
Ma | ~GND46 . GNDS55 (&
M2 | ~GND47  ,GND54 37
M| ~GND48  ,.GNDS53 (73
21| ~GND49  ,GND52 (75
.GND50 ,,GND51

5CEFA5F23

u1J
;]g ,,VCC1
P13 ,,VCC2
P11 | »VCC3
N14 | »VCC4
N12 | »VCC5
N10 ,,VCC6
M15 | »VCC7
M13 | »VCC8
M1 ] »VCCo
116 | »VCC10
L1 | »VCC11
12 | »VCC12
[10 | »VCC13
K15 | »VCC14
K13 ,,VCC15
K11 ,VCC16
716 | »VCC17
J14 | »VCC18
712 ,VCC19
K3 ] »VCC20
p3 | »VCC21
14 ,,VCC22
NZ ,VCC23
14| »VCC24
K5 | »VCC25
,,VCC26
O
V1 5CEFA5F23
3V3 U1L
(o]
R\1/g ,,VCCPGM1
8 ,,VCCPGM2
A3 ,,WVCCPGM3
,,VCCBAT
2V5 5CEFA5F23
3V3 U1N
o
Wv¥? ,,VCCPD3A
W17 | »VCCPD3B4A1
Wi4 | »VCCPD3B4A2
W12 | »VCCPD3B4A3
P21 | »VCCPD3B4A4
N18 ,,VCCPD5A
M17 | »VCCPD5B1
Dg | »VCCPD5B2
E11 | »VCCPD7A8A1
D16 ,,VCCPD7A8A2
D14 | »VCCPD7A8A3
G710 | »YCCPD7A8A4
,,VCCPD7A8A5
5CEFA5F23
2V5 U1R
o
DE? ,,VCC_AUX1
D18 | »VCC_AUX2
wig | »VCC_AUX3
W13 ,,VCC_AUX4
w7 | »VCC_AUX5
,,VCC_AUX6
5CEFA5F23




uUiD u1iB

cas 1191 5A10,RzQ_1,DIFFIO_TX_R1P a5 —AB8 1 38 10,DIFFI0_TX_BIN
T20| 5A10,INIT_DONE,DIFFIO_RX_R2P EANKSE ABS—ABs | 3B./0.DIFFIO_RX_B10N
LED_D2 ) T77| 5A10,PR_REQUEST DIFFIO_TX_R1N BANK3E V10 V10| 3B.I0.DIFFIO_TX_B9P
D10 22| 5AI0.CRC_ERROR,DIFFIO_RX_R2N BANK3E P8 pg | 3B.10.DIFFIO_RX_B10P
BANKSA T15—T15] 5AJ0,NCEO DIFFIO_TX_R3P BANKSE AAT— AA7 | 3B./0.DIFFIO_RX_B11N
572 R23 | 5AI0.DIFFIO_RX_R4P EANK3E NG Ng | 3B.10,DIFFIO_TX_B12N
BANK5A R15 R15 | 5A.10,CVP_CONFDONE DIFFIO_TX_R3N BANKSE AB7— AB7 | 3B.I0.DIFFIO_RX_B11P
577 Rz1| 5AI0.DIFFIO_RX_R4N BANK3E AAE—AAg | 3B.I0.DIFFIO_TX_B12P
BANKSA R16—R16 | 5A/0.DEV_OE,DIFFIO_TX_R5P To{ 3B.10,DIFFIO_TX_B13N
573 P22 | 5AI0.DIFFIO_RX_R6P BANK3B ABS  —ABg | 3B.O.DIFFIO_RX_B14N
BANKSA R17—  Ri7 | 5A0,DEV_CLRN DIFFIO_TX_RSN U701 3B.I0.DIFFIO_TX_B13P
p19-| 5AI0,DIFFIO_RX_R6N vis| 3B.I0.DIFFIO_RX_B14P
BAO <{———575 5AI0,DIFFIO_TX_R7P 2A10 | 38//0,CLKON,FPLL_BL_FBN,DIFFIO_RX_B15N
RAS <{——p7g-{ 5A.10,DIFFIO_RX_R8P CLK 50M Mo | 38.10,DIFFIO_TX_B16N
BA1 <{———p77{ 5A.I0,DIFFIO_TX_R7N AAS | 3B//10.CLKOP,FPLL_BL_FBP,DIFFIO_RX_B15P
SD_NCS0 <&—gz5| 5A.10.DIFFIO_RX_R8N Y10 | 3B./0.DIFFIO_TX_B16P
5A,VREFB5ANO BANK3B T10 T10-| 38./0.DIFFIO_TX_B17N
9| 3B.10,DIFFIO_RX_B18N
= 5CEFABF23 BANK3B_R9 R | 3BIODIFFIO_TX B17P
BANK3E UTT U111 3B.I0.DIFFIO_RX_B18P
R 10 DIFFIO T BooN
— X 38,10.DIFFIO_RXB10P
3B,0,DIFFIO_TX_B20P
A ae-R210—AB10 | 36'10,FPLL_BL_CLKOUT1,FPLL_BL_CLKOUTN,DIFFIO_TX_B21N
A[12..0] <Koy BANK3E ABTT—ABT1 | 38//0.DIFFIO_RX_B22N
BANK3E RTT 17| 3B./0.FPLL_BL_CLKOUTO,FPLL_BL_CLKOUTP,FPLL_BL_FB DIFFIO
g | 3B.10.DIFFIO_RX_B22P
\ A0 Y71 38.10,CLKINDIFFIO_RX_B23N
\ AT No| 3B.10,DIFFIO_TX_B24N
A 2A15 | 3B.10,CLK1P.DIFFIO_RX_B23P
V3 5 Y15 | 3B.I0.DIFFIO_TX_B24P
\ yv: 3B,VREFB3BNO
R17 47K Q N\ A5
N AG = 5CEFAGF23
A7
L N A8
1 4 N A9
o e cs N A10
50 MHz = 100NF |\ AT1
2 |yes ourl3__CLK_50M
S$G-8002JC-50.0000M-PCB
Y1
= = A12
p=({ D[31..16]
_D16 u1G
_ D17
D18 G10
DT — —[7 8AI0,CLKOP DIFFIO_RX_T41P
—om— e | caloprre prer T
—2— — K BAIO.DIFFIO_TX_T42N
55— EANKSA 18 16| 8AI0.DIFFIO_RX_T43P
—o— BANKEA J8 75| 8AI0,FPLL_TL_CLKOUTO,FPLL_TL_CLKOUTP,FPLL_TL_FB,DIFFIO_TX_T44P
% EANKEAGB S8 | 8AI0.DIFFIO_RX_T43N
—b— EANKSAJ0 55| 8AIO,FPLL_TL_CLKOUT1,FPLL_TL_CLKOUTN,DIFFIO_TX_T44N
—B— BANKBA—ATO 70| 8AI0.DIFFIO_RX_T45P
Do EANKSA—H9 Ho | 8A.I0.DIFFIO_TX_T46P
55— BANKEA A9 A9 | BAI0,DIFFIO_RX_T45N
00 B10 6A10,DIFFIO X T47P
—2 — £3 | 8A10.DIFFIO_TX_T48P
—B= | 8AI0.DIFFIO_RX_T47N
— =52+ BAIO.DIFFIO_TX T48N N16
= D[15.0] ganksa B6 ~ — Be | 8AI0.CLK8P FPLL_TL_FBP,DIFFIO_RX_T49P D14 “N20
Fg| 8AIO,DIFFIO_TX_T50P Ao M16
DO BANKSA B7 57 8A.I0,CLK8N,FPLL_TL_FBN,DIFFIO_RX_T49N D15 N2
o BANKBA A8 Ag | 8AO.DIFFIO_TX TSON T AI0___N19 |
D BANKBA _C6 Ce_| 8AIODIFFIO_RX T51P Do M22 |
DER BANKBA_A7 A7_| SAIODIFFIO_TX T52P T A0___M18 |
T EANKSA DG 56| BAI0,DIFFIO_RX_T51N — T
B BANKEA ES Eg| 8AI0,DIFFIO_TX_T52N paM1 K
o6 D7 | 8AI0DIFFIO_RX_T53P AT M20 |
o7 BANKSA D9 Do | 8AIODIFFIO_TX T54P A3 L17
D C8 8A,10 D[FFIO_RX_T53N — D8  M21 |
Do G6 | 8AI0,DIFFIO_TX_T54N A4 L19 |
T F7| 8A.I0,DIFFIO_RX_T55P — o1
o F6 | 8AI0.DIFFIO_TX T56P A5 L18 |
Dz £7 | 8A/I0,DIFFIO_RX_T55N — D16 K22 |
T F 55| 8AI0.DIFFIO_TX_T56N ——
D 8A,VREFB8ANO
D5

nr

5CEFA5F23 =



uic

BANK4A AB13

v13 | 4A10,RZQ_0,DIFFIO_TX_B25N
4A,I0,DIFFIO_RX_B26N
BANK4A AB12 Aglg 4A,I0,DIFFIO_TX_B25P

BANKAA T12  —12| 4AI0,DIFFIO_RX_B26P
BANKAA AATA—AAT+ | 4AI0.DIFFIO_RX_B27N
4A,10,DIFFIO_TX_B28N
BANK4A_T13 T13
BANKIA AATS —AAT3 | 4A10.DIFFIO_RX_B27P
BANKAAABTS —AB15 | 4AI0.DIFFIO_TX_B28P
BANKAA—Y 14 Y14 | 4A10,DIFFIO_TX_B29N
4A,10,DIFFIO_RX_B30N
BANK4A AATS _ AA1 _RX_
EANKAA—V5 Y15 4A.I0,DIFFIO_TX_B29P

4A,10,CLK2N,DIFFIO_RX_B31N

A A A | 4AIODIFFIO_TX_B32N

4A,10,CLK2P DIFFIO_RX_B31P

4A 10 DIFFIO_TX_B32P

V36| 4AI0.DIFFIO_TX_B33N

AB21 | 4AI0,DIFFIO_RX_B34N

V77| 4AI0.DIFFIO_TX_B33P

—T127| 4AI0,DIFFIO_RX_B34P
4A,10,DIFFIO_RX_B35N

075 | 4A10.DIFFIO_TX_B36N

AATs | 4AI0,DIFFIO_RX_B35P

5
5
vi4 | 4A/I0,DIFFIO_RX_B30P
7
5

BANK4A AB18  AB18
BANK4A_AB20

BANK4A AB21

‘AA19| 4A10,DIFFIO_TX_B36P
A AToae—A813 | 4AI10.DIFFIO_TX B37N
EANKIA AAZ0 —AAs0 | 4A10.DIFFIO_RX_B38N
) TX_B21P BANKIA-W19— W19 | 4AI0DIFFIO_TX_B37P
V16| 4A.10.DIFFIO_RX_B38P
D1 aB22 | 4A10,CLK3NDIFFIO_RX_B39N
Wi6 | 4AI0.DIFFIO_TX_B4ON
Do AAZo | 4A10,CLK3P DIFFIO_RX_B39P
Y LN IO DIFFIO T BTN
BANKAA Y20 Y201 4AI0.DIFFIO_RX_B42N
S ANRAAYTO V15| 4AI0.DIFFIO_TX_B41P
BANKAA P14 514-| 4A10,DIFFIO_RX_B42P
D 2] 4n IO DIFFIO X Béa
A Rl I 4AIO.DIFFIO_RX B43P
57 Us2 | 4AI0.DIFFIO_TX_B44P
V76| 4AIO.DIFFIO_TX_B45N
LED_D1 ) 4A,10,DIFFIO_RX_B46N

D6 V21
vig | 4A/I0,DIFFIO_TX B45P

16| 4AI0,DIFFIO_RX_B46P

AN U1e L 4AIODIFFIO RX BA7N

U377 | 4A10 DIFFIO_TX_B48N

U20 | 4A10.DIFFIO_RX_B47P

ABT6 | 4AI0DIFFIO_TX_B48P
4A VREFB4ANO

paMo K EANRZA UT7
sbwWe <K

= 5CEFA5F23

U1E

5B,10,CLK6P,DIFFIO_RX_R17P
5B,10,DIFFIO_TX_R18P

5B,10,CLK6N,DIFFIO_RX_R17N

5B,10,DIFFIO_TX_R18N

5B,10,DIFFIO_RX_R19P
5B,10,FPLL_BR_CLKOUTO,FPLL_BR_CLKOUTP,FPLL_BR_FB,DIFFIO_TX_R20P
5B,10,DIFFIO_RX_R19N
5B,10,FPLL_BR_CLKOUT1,FPLL_BR_CLKOUTN,DIFFIO_TX_R20N
5B,10,DIFFIO_RX_R21P

5B,10,DIFFIO_TX_R22P

5B,10,DIFFIO_RX_R21N

5B,10,DIFFIO_TX_R22N

5B,10,DIFFIO_RX_R23P

5B,10,DIFFIO_TX_R24P

5B,10,DIFFIO_RX_R23N

5B,10,DIFFIO_TX_R24N

5B,VREFB5BNO

5CEFA5F23

us
d 1 2P
3v30 ds 1P 03V3
ds 6 P
BANK7A F19{—————— Q7 8 o———————>>BANK7A_F18
BANK7A E19{————————Q 9 10 P———————>BANK7A D19
BANK7A C20K———— 11 12 p———————>>BANK7A_B20
BANK7A A20{————— 13 14 p—————————>>BANK7A_A19
BANK7A C1(——— 15 16 P—————————>BANK7A _C18
BANK7A A18K————————J 17 18 Pp———————>>BANK7A_A17
BANK7A B18———————J 19 20 p———————>>BANK7A B17
BANK7A B16{{———— 21 22 p———————>>BANK7A C16
BANK7A C15(———— 23 24 p————————>>BANK7A B15
BANK7A E15{{————————— 25 26 P——————————>>BANK7A F15
BANK7A A15K———————J 27 28 p——————>>BANKT7A A14
BANK7A B13{————— 29 30 p————————>>BANK7A A13
BANK7A B12—————————— 31 32 p———————>>BANK7A A12
BANK7A G1K{——— 33 34 p—————————>>BANK7A F14
BANK7A H1:{——————J 35 36 P————————>BANK7A_G13
BANK7A D1X{————— 37 38 p————————>>BANK7A E12
BANK7A_H11<CBANKeA AT 9 39 40 P——BANKSA Ag/BANK7A_G12
BANKBA _J9 41 42 BANKSBA_HO9
BANKSA E9 43 44 BANKBA D9
BANKBA H8 45 46 BANKSA G8
BANKBA L7 47 48P BANKBA K7
BANKBA J7 949 50 BANKBA_J8
BANKBA A8 9581 52 BANKSA A7
BANKBA B6 93 54P BANKSA B7
BANKBA C6 955 56 BANKSA D6
BANKBA A5 957 58P BANKBA B5
—eR Y ds59 60—
de1t 62p
VIN O de3 64P OVIN
ADR_32X2
!
us
d 1 2P
3V30 ds 4P 033
BANKAA AB21 95 6P BANKAA_AB20
BANKAA Y19 97 8 P BANKA4A Y20
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