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The QMTech® Cyclone IV SDRAM Development Board uses Intel(Altera) EP4ACE15F23

device to demonstrate Intel’s leadership in offering power-efficient FPGAs. With enhanced
architecture and silicon, advanced semiconductor process technology, and power
management tools, power consumption for Cyclone IV FPGAs has been reduced by up to 25
percent compared to Cyclone® Il FPGAs. The result is the lowest power consumption of any
comparable FPGA.
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Introduction

Document Scope

This demo user manual introduces the Cyclone IV EP4CE15 core board and describes how to setup the

core board running with application software Altera Quartus Il 15.1. Users may employee the on board

rich logic resource FPGA EP4CE15F23C8N and large SDRAM memory MT48LC16M16 to impl

various applications. The core board also has 108 non-multiplexed FPGA 10s for extending le
e

modules, such as UART module, CMOS/CCD camera module, LCD/HDMI/VGA display m

Kit Overview
Below section lists the parameters of the Cyclone IV EP4CE15:

|
On-Board FPGA: EP4CE15F23C8N; \
On-Board FPGA external crystal frequency: 50MHz;
EP4CE15F23C8N has rich block RAM resource up to 504Kb;

v

EP4CE15F23C8N has 15K Logic elements;
On-Board N25Q064 SPI Flash, 8M bytes for user configuration ¢

On-Board 32MB Micron SDRAM, MT48LC16M16A2;

On-Board 3.3V power supply for FPGA by using MP2315 wi C/DC;
EP4CEL15 core board has two 64p, 2.54mm pitch headers for e ser |Os. All IOs are
precisely designed with length matching;
EP4CEL15 core board has 3 user switches;
EP4CEL5 core board has 2 user LEDs;
EPA4CE15 core board has JTAG interface, by us
EP4CE15 core board PCB size is: 6.7cm x 8:4¢h;
Default power source for core board is: 1 pc

Kit Top View A/

VVVVVYVYY

10p,*2.54mm pitch header;

YVVVYY

DC header type: DC-050, 5.5mmx2.1mm;

Figure 1-1. Cyclone IV EP4CE15 Top View
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2.

Getting Started

Below image shows the dimension of the Cyclone IV EP4CE15 core board: 67.1mm x 84.1mm. The unit
in below image is millimeter(mm).

Figure 2-1¢CyclonelIVAEP4CE15 Dimension

The Cyclone IV EP4CE15 core board tool,chain consists of Altera Quartus Il 15.1, Altera USB Blaster
cable, EP4CE15 core board and 5V'BC power_supply. Below image shows the Altera Quartus 1l 15.1
development environment which could begdownloaded from Altera(Intel) office website:

13k Quartus Prime Standard Edition - E:/Altera/Cyclone_IV/SW/Project04 Nios SDRAM/nios test - nios_test - o X%
Fle Edt View Progct Assignments Processing Took Window Hep @
Or= P a nios_test Rl - X <3 PEED ALV S
Project Navigator, ., Hierarchy clslie x| & nios,_festv. [x] |\Ptstsh79 pe =
Entity-instance. (.. Xus mrft 0w B RS ‘Q, x\ =
5 1 o
iy Cyclone IV E: EPACE15723C g oo v G nstaled P
v nios_test & 3 input rst, v Project Directory
1
Efslﬂ_nubuum_nub 5 Y DRAM [/ /// ; System
nios_tu0 6 output [12:0] DRAM_ADDR, v
7 output [1:0]" DRAM_BA Library
8 output DRAM_CAS_N, Basic Functions,
9 output DRAM_CKE .
10 output DRAM_CLK
11 output DRAM_CS_N, Interface Protocols
g ;Dg:it [15:0] g;m:ﬁqndm, Memory Interfacss and Controllers.
12 output DRAM_RAS_N, Processors and Perpherals.
15 output DRAM_UDQM
16 ouTpuT DRAM_WE_N University Program
ﬂ % @ ssarch for Partner P
19 Bnios_ii uo(
20 -clk_clk(clk),
21 aTtp11_0_cO_¢Tk (DRAM_CLK) _sdram_c1k
22 _new_sdram_controller_0_wire_addr (DRAM_ADDR) , /. addr
23 -new_sdram_controller_0_wire_ba(DRAM_BA), .ba
24 new_sdram_contro]ller_0_wire_cas_n(DRAM_CAS_N), .cas_n
25 new_sdram_controller_0_wire_cke(DRAM_CKE), . cke
26 new_sdram_contraller_0_wire_cs_n(DRAM_CS_N), / ics_n
27 “new_sdram_controller_0_wire_dq(DRAM_DQ) 7.
28 . new_sdram_controller_0_wire_dgqm( {DRAM_UDQM,DRAM_LDQM} ), . dgm
29 . new_sdram_contro]ler_0_wire_ras_n(DRAM_RAS_N), .ras_n
30 ~new_sdram_controller_0_wire_we_n(DRAM_WE_N) , /7 “we_n
31 reset_reset_n(rst
32 bH
33 L
34 endmodule
35
< 2|« > + A
x[Type D wmessage
&
7
|2 system | Processig
2 colt Veriog HDL Fie 0% 00:00:00
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https://www.intel.com/content/www/us/en/programmable/downloads/download-center.html

2.2 Cyclone IV EP4CE15 Hardware Design

2.2.1 Cyclone IV EP4CE15 Power Supply
The core board needs 5V DC input as power supply which could be directly injected from power header
or the 64P header U7/U8. Users may refer to the hardware schematic for the detailed design. The on
board LED D4 indicates the 3.3V supply, it will be turned on when the 5V power supply is active
default status, all the FPGA banks IO power level is 3.3V because bank power supply is 3.3V,

Note: FPGA core supply 1.2V is regulated by On-Semi DC/DC chip NCP1529 which could
maximum 1A current.

Uizl
L10 C12
1T | GND1 GND25 [TT1Z
MI0 | GND2 GND26 [TTT6
MIT | GND3 GND27 [A77
17| GND4 GND28 [E70
13| GND5 GND29 G20 VCCINT16
MIZ | GND6 GND30 720 VCCINT15 ['Ng
MI3 | GND7 GND31 P19 VCCINT14 K9
NTIT | GND8 GND32 [y720 VCCINT13 [JT0
K11 | GND9 GND33 ["Y720 VCCINT12 [RIZ
N1Z| GND10 GND34 [~AB?2Z VCCINT11 [J1Z
K17 | GND11 GND35 [Y18 VCCINT10 [J13
K13 | GND12 GND36 [YT6 VCCINTY ™Mo
N13 | GND13 GND37 Y17 VCCINT8 [ T3
NT0 | GND14 GND38 [V1T VCCINT? P17
K10 | GND15 GND39 [vg VCCINT6 [PIT
J9 | GND16 GND40 [v5 VCCINTS [MIZ
D7 | GND17 GND41 [~ABT VCCINTA [T1Z
J5 | GND18 GND42 [N3 VCCINT3 [J17
—Hs | GND19 GND43 [[U3 VCCINT2 [J1T
AT | GND20 GND44 W3 VCCINT1
T5 | GND21 GND45 D3
TO | GND22 GND46 [F3
CIT | GND23 GND47 [ K3
G2 | GND24 GND48 [H3 2V5
AAZ | GND49 GND52 [R3 o
AA727 | GND50 GND53 [~AB6 uis
GND51 GND54 [VT5 VCCA4 g |
GNDS55 [—T70 VCCA3 [F18
GND56 [~J19 VCCA2 [T
GND57 [CT8 VCCAL
GND58 [Fpg—
GND59
U5
ET8 | GNDAL
F5 | GNDA2 1v2
VI8 | GNDA3 o
GNDA4 V17
D5 | VCCIO8_1 VCCD_PLL4 [F5
DY | VCCI08_2 VCCD_PLL3 [ET7
EPACE1SF23 DIT | VCCIO8_3 VCCD_PLL2 [UB
Eg| VCCIO8_4 VCCD_PLL1
VCCI08_5
= [ )

N EP4CE15F23

Figure 2-2. Power Supply for the FPGA

\
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2.2.2

2.2.3

Cyclone IV EP4CE15 SDRAM Memory

Cyclone IV EP4CE15 has on board 16bit width data bus, 32MB memory size MT48LC16M16 SDRAM
provided by Micron. Below image shows the detailed hardware design:
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Cyclone IV EP4CE15 bo
The SPI flash is usin

Note: The SPI Flash'is d
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anufactured by Micron, with 64Mbit memory storage.
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I

Figure 2-4. SPI Flash
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Below image shows the hardware configuration of MSEL[3:0]: 0010, in which way will make the FPGA boot
from Active Serial (x1 or x4) Standard Mode:

H5
10_B2 ‘
oy e—

LEDO |
Lepo XET]

d

10_C2
10_C1,
10_D2

10_E1
10_F2

10_F1.

10_H2
10_H1,
10_J2 ‘
10_J1 ‘

ﬂﬁﬁﬁiﬁﬁiﬂ

EP4CE15
igur

10,DIFFIO_L12N

'DIFFCLK 2P
IFFCLK 1N
CLK2,DIFFCLK_1P

U12A
L5
| 10_H5 S — ﬂﬁg,¥glo 10K A A R246 5oy5
10,DIFFIO_L1P TDO 2 JTAG TCK 1K R245 |
10,DIFFIO_LIN TCK d '
10.G5 ™s L1 JTAG_TMS 10K AT~ n R247 ohys
10,DIFFIO_L2P,nRESET
10,DIFFIO_L2N M17
10,DIFFIO_L3P MSELO [TT8
10,DIFFIO_L3N MSEL1 [TT7
10,DIFFIO_L4P MSEL2 [Rp0 ]
10,VREFBINO MSEL3
10,DIFFIO_L5P
10,DIFFIO_L5N
10,DIFFIO_L6N NCE
10,DIFFIO_L7P
10,DIFFIO_L7N
10,DIFFIO_L8P
10,DIFFIO_L8N CONF_DONE
10,DIFFIO_L9P NCONFIG
10,DIFFIO_L9N NSTATUS
10,DIFFIO_L10P
10,DIFFIO_L10N
10_J4
10,DIFFIO_L11P 10,DIFFIO_L4N,DATA1,ASDO
10,DIFFIO_L1IN 10,DATAO
10,VREFBIN1 10,DIFFIO_L6P,FLASH_nCE,nCSO
10,DIFFIO_L12P

CLK_50M

CLK1,DIFFCLK_ON [—X

e 2-5. MSEL Settings

tem clock frequency 50MHz which is directly provided by external

2.2.4 Cyclone IV EP4ACE1 ck
The Cyclone IV EPAE S
crystal. The ¢ e d with high accuracy and stability with low temperature drift 10ppm/°c.

Below ima etailed hardware design:
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Y1

C42
100NF

Figure 2-6. 50MHz System Clock
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2.2.1 Cyclone IV EP4ACE15 JTAG Port
The on board JTAG port uses 10P 2.54mm pitch header which could be easily connected to Altera USB
blaster cable. Below image shows the hardware design of the JTAG port:

J2

= 23.7K

JTAG_TCK 1 2
3 z
I R § o
JTAG_TDI 9 10
CONA_10P 1 /
|
Figure 2-7. JTAG Port \
2.2.2 Cyclone IV EP4CE15 Power Supply
The core board’s 3.3V power supply is using high efficiency DC/DC chip ided by MPS Inc.
The MP2315 supports wide voltage input range from 4.5V to 24V. In n , 5V DC power
supply is suggested to be applied on the board. Below image sho 2 hardware design:
N L6 cs R238 ‘g “
l . s o A gglO0E L 20R 5] | - .
X| 4.7uH 93
| § 3 9 2
_ka1 CBZJ_ ‘5;‘_ L J_ EI1
P JP5
W7uF100n 13 & 7uF c68 Power_Header_SMT
N 100nF
- T R239, A 33K
=i R236 =3
33K
-8. MP2315 Hardware Design
The core board’s 2 F GA core voltage power supply is using high efficiency DC/DC chip
NCP1529 prowded
2V5 2V5
L7 47uH  Q O
uilo0 J LH J.
R226 C73
| VIN Sw T 7ur g 75K == 22pF
& L T
\ :|:'7”F Ly en oND  FB -
NCP1529
1 Ji R227

©
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L3 a7uH  Q Ke)
AN d |
us . Lse ‘
‘ R21 | c46
VIN sw TUF ; 100K = 22pF
5 - T
EN GND FB
NCP1529
2 R26
= 100K

Figure 2-9. NCP1529 Hardware Design &

2.2.3 Cyclone IV EP4CE15 Extension 10

The core board has two 64P 2.54mm pitch female headers which r extending user modules,

such as ADC/DAC module, audio/video module, ethernet modu
\ %é'
E_\

&

N

\

©
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3V30 0O3V3
T0_AAL3 X E T0_ABL3
10_AALZ X e 10_AB14
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10 K22 X e O K21
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A 0
/
—=0 1 2P
3v30 A P b 03v3
'/ g5 ep
I0_R — q 7 8 P O_R2
104 >v‘x q 9 0P 10_P2
S DS A v A o111 12P O N2
10_Mig>—— q13 14 P o_M2
/ J1 015 16 P 1032
/4; “2 Q17 18 ';‘ O_H2
; 019 20P 10_F2
= “i{ q 21 22 P 0_D2
q 23 24P 0_C2
Q BL> 5 B3 Jz = 0 A3 10_B2
10 B4 d27 28 5 10 A
/ /) ’ Toca 92 20 c 10 C3
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{/ 0 _B6 o33 34 b 10_A6
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power header.
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2.2.4 Cyclone IV EP4CE15 User LED

Below image shows one user LED and 3.3V power supply indicator:

3y3 3V3
o O

| 0
(2] el
EE
—

1 A2
g

1 A2
T ¢

Figure 2-11. User S

2.2.5 Cyclone IV EP4CE15 User Key
Below image shows the nCONFIG key and two user k

[
3v3 3
(o)
{ R228 2
< 4.7k 4.7K
L EYO KEYL <KEY1
2 2
sw2 | sw3 |
o o)
o o]
- | |
N 1 1

Figure 2-12. User Keys
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3. Reference

[1] ep4cel5f23-sdram.pdf
[2] an592.pdf

[3] an592_ch.pdf

[4] cyiv-5v1.pdf

[5] cyiv-5v2.pdf

[6] cyiv-5v3.pdf

[7] pcg-01008.pdf /
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4, Revision

Comments

0.1 10/21/2018 Initial Version.
1.0 10/28/2018 V1.0 Formal Release.
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