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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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1. QM_CyclonelV_EP4CE15 DB Introduction

1.1 Kit Overview

QM_CyclonelV_EP4CEL5 provides several user interfaces to meet different customer needs. Below
section lists the detailed info of these user interfaces:

» USB to UART Serial Port, by using Silicon Labs’ CP2102-GMR chip.

» 16bit(RGB565) VGA display interface, by using resistor dividers; /
»  GMIl ethernet interface, by using Realtek’'s RTL8211EG chip;

» CMOS/CCD camera interface, by using 18pin female header; u

»  Two Digilent PMOD standard compatible female headers; \

> MicroSD card slot; V

1.2  Daughter Board Top View

Below figure shows the daughter board of QM_CyclonelV_EP4C
board’s dimension is 108.71mm x 134.62mm. All the functional c

kit. The daughter
supply is injected from the
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Figure 1-1. QM_CyclonelV_EP4CE15 Daughter Board
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2. Experiment (1): USB to Serial Port

The CP2102-GMR is a USB 2.0 to serial port bridge chip designed by Silicon Labs. The CP2102-GMR
includes a USB 2.0 full-speed function controller, USB transceiver, oscillator, UART and eliminates the
need for other external USB components are required for development. Below figure shows the hardware
design of CP2102-GMR on the QM_CyclonelV_EP4CE15 daughter board.
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Hardware Design

UA erial communication function, make sure all the
hardware connections of the developmen re correctly connected. Altera USB Blaster's JTAG cable
shall be connected to QM_Cyclo core board’s JTAG interface. Then power on the
development kit with 5V DC pg S plug the Mini-USB cable in the daughter board, below

5V DC Source

" Woo2100' MM

O/ ASASL

JTAG Cable

Mini-USB Cable
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All the test examples are developed in the Quartus Il 15.1environment. Open the CP2102 test project
located in this release folder: /Software/ Project05_CP2102_UART_V2. Below figure shows the example
project of uart_top:

(& Quartus Prime Standard Edition - Ex/Altera/Cyclone_IV/SW/Project05_CP2102_UART_W2/Test05_project CP2102_UART - Test0S_project CP2102_UART - ] ps
File Edit View Project Assignments Processing Tooks Window Hep @ .
Ok W D0 9 C|i[emspomomnim |/ S84 OrFES S&dH
ProjectMavigator | o\ Herarchy v |= (g8 x TestdS_project_ CP2102_UARTv =]
Entity:Instance meth 0w P S
#y Cyclone IV E: EP4CE1SF23C8 5 Timescale 1ns 1ps
> B Test05_project_CP2102_UART 'y 3
4
5 input sys_| rst n,
6 input wart_rx,
7 output uart,tx
8 b
9
10 wire [7:0] uwart_rx_data_o;
11 wire uart_rx_done;
12
13 uart_rx_path uart rx_path_u (
14 Lclk_i(sys_clk),
15 .uart_rx_i(uart_rx),
16 Luart_r x_data_o(uart_r x_data_o),
17 uart_rx_done(uart_rx_done)
18 H
19 =
20 uart,tx,path uart _tx_path_u (
21 clk_i(sys_clk
22 .uart_tx_data_i (uart rx_data_o),
23 .uart_tx_en_i(uart_rx_done),
24 cuart_tx_o(uart_tx)
25 bH
26 -
27 endmodule
28
< 3|« >
% | Type ID Message
a
a
w
]
=4
@
| | system Processing

—] N L
Figure 2-2. CP2102 Co nication Test Example
In this example project, the default com icatio rameters are: 9600bps, 8 data bit, No Parity Check,

1 stop bit. If users want to test other ¢ icati rameters, change the source code accordingly.
[ uart_rx_path vE3 |. uartitop.vml. uartitxjath.vml
1 *timescale 1lns / lps
3 module uwart_rx path(
4 input clk i,
5 input wart_rx i,
&
T output [7:0] uart_rx data o,
8 output uwart_ rx done,
2 output baud bps_tb f/for simulation
10 1
11
2 = [/iEAEERTEF, 9600bps, S50Mhz/9600=5208
13 = /IERE S PERF A, 50Mhz/9600/2=2604
1s /rEREEEE I
16 JIEEEEEES
17 [IRRERTTRE
18 alwayse {posedge clk_1)
19 begin . .
= B 2o if (baud div==BAUD DIV CAF) /I BERETIERTEEERE AN, FAEFEEESpaud bps
W = B
B et e path vml. wart top vid [ nart te_path vEHl
1 [timescale Ins / 1ps
3 module uart_tx_path(
'l input clk 1,
5
6 input [7:0] uart_tx_data_i, IR RIEER
7 input uart_tx en i, JIRIEREIAERETS
5 output wart_tx o
10 -
1
12 parameter BAUD_DIV - /B ZERTEF, 9s00bps, 50Mhz/9600 FEETE
13 parameter BAUD DIV CAP = FHERFEIT P ERMAE A, sounz/9600/2=2604, HIFETF
14
1s T
16 //ﬁi‘gg:ﬁrﬂ“% =E L
17 = 930 X : R REERETESR, BT epic AR E Trbic ERES
18 (* MARKDEBUG = "TRUE" 3:0] bi S /BRI EEE
19 reg uart_send flag=0; E 4
20 reg uart_tx_o_r=; //altﬁf‘g%ﬁ%% WS E
21

4
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After the CP2102 communication test project correctly synthesized, implemented and generated *.sof file,

users could use Quartus program tool to program the generated *.sof file into FPGA. Below image shows
the FPGA program status with program tool.

Fie Edt View Project Assignments Processing Tools Window Help @

05 B+ 0 2 C| s o -] -

(3 Quartus Prime Standard Edition - E:fAltera/Cyclone IV/SW,/Project05_CP2102_ UART V2/Test05_project CP2102_ UART - Test05 project CP2102 UART

SELTrrFESQLAVDR

- o X

Search altera.com [5)

& Auto Detect

3 Delete

51
3| |E
z 5

Project Navigator ‘ 4 Hierarchy - ‘_ 28 x| 4 Test0S_project_CP2102_UARTY [] 4 Compiation Report - Test0S_project_CP2102_UART [] 4 Chain1.cdf [x]
= I e [

2% Cycione IV E: EP4CE15F23C8
v B Test0s_project CP2102_ UART [ Ensble reaktime 157 to allow background programming when avaiable

B vart_rx_path:uart_rx_path_u

File Device Program’ Bank  Examne  Secury FErsse ISP
B uart_bx_pathiuart_tx_path_u »i start Configure Check Bit CLAMP
510 output_fies/TestS_project CP2102_UART.sof  EP4CE1SF23

b save Fie ~
* Add Device.
thup
oI
1 pown
< > TDO 9
* || Type i Message ~
2> @ 332146 worst-case minimum pulse width slack is -3.000
B @ 332102 pesign is not fully constrained for setup requirements
= © 332102 Design is not fully constrained for hold requirements
> 0 Quartus Prime Timequest Timing Analyzer was successful. 0 errors, 4 warnings
@ 293000 quartus Prime Full compilation was successful. O errors, 11 warnings v
2
8¢ >
8
12 System(8)  Processing (109)

100%  00:00:53

After a short while the PC UART test too

aMTeECH

Figure
The CP2102 example test project’s main
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Figure 2-4. UART Loopback Test

QM_CyclonelV_EP4CE15 Daughter Board

s performing an UART loopback communication.
back to the PC. Below flgure shows user
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Experiment (2): VGA Displays

The RGB signal accepted by the color monitor is an analog signal, one for each color, in the range 0V to
0.7V according to the VGA spec. So the digital color signal generated by the video controller should be
converted to an analog signal. The daughter board uses resistor to form a voltage divider circuit in
combination with the 75 ohm load resistance of VGA monitor. Below image shows the hardware design.

J7

1
7
3
T
1K 1K 1K 3
loN20, 1 8 0Dy 1 8 0 Hy 1 8 7
7 7 — 7 7 7 g
S AAE S IAAA X S IAAA X m
10_B21 R = 10 E21 ] = 10 H22 ] = x o
T
RNL RN2 RN3 : o
10_J21 R66, » 100
10 J22 R 100R [o]
2K 2K 2K -
10_M20 1 8 oc2 1 8 0 F21 1 8 =
2 7 z 7 Z 7 GND o ~
10 N19 EANANAE:S 0 D21 FITK 0 F22  EITK =1 | conn_vea
7 5 ] Z 5] L 5 1
RNS RN | RNG
2K 2K 2K c39
10_M19 1 8 loc21 1 8 0 E22 1 8 100nF
7 7 ] 7 7] 7
—3 5 —3 & =
7 5 ] 7 5] q: GND
RNB RN7 R
2K
0B22 1 8
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—3 5
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-

. VGA Display Hardware Designs
on, make sure all the hardware connections of the development

5V DC Source

VGA Cable
-
-
But ton JTAG Cable

(4

QMTECH QM_CyclonelV_EP4CE15 Daughter Board User Manual-V01



Open the VGA test project located in this release folder: /Software/ Project08_VGA.

the example project

of VGA test:

Below figure shows

In this example project, the default VGA output

S Quartus Prime Standard Edition - Ei/Altera/Cyclone_IV/SW/Project08 VGAfvga_test - vga_test - o x
Fie Edt View Proect Assignments Processing Took Window Hep @ [searcnateracom | @
O HI4MB D C [t NS EEL D PFESSAVE
ProjectNavioator | a\Hierarchy v |=[R/@ x| & CompiatonRepod-vgatest [ & Pin Planner [ 2 vga_testy [x]
Entity-Instance B mr R 0w #=
Cyclone IV E: EP4CE15F23C8 1 Timescale ins / 1ps ~
i Cyckre 2 L R R e N
~ BB vga_test ' 3 // wodule Name: vga_test
i 4 7
> F plelinst g E/////'/////f’//f’///f’////f’///f’/////////////'////////f’////////f’///f’////f’////////f'//////
7 nput clk,
8 dinput rstn,
9 output vga_hs,

10 OUTPUT vga_vs,

11 output [4:0] vga_r

12 output [5:0] vga_ s

13 output [4:0] vga_l

14 y input keyl J/ERkeyl

15 ;

16 i 1/

17 Jf RERESHAHELO24*768 60HZ VGA

18 /7 - . 1/

19 parameter LinePeriod =13244; /1 2

20 parameter H_SyncPulse=136; /71 Brom | {

21 parameter H_BackPorch=160; /2 4 (Bacl porc bl

22 parameter H_ActivePix=1024; /2 F# (pisplay interval c)

23 parameter H_FrontPorch=24; //ZREE (Front porch d)

24 parameter Hde_start=296;

25 parameter Hde_end=1320;

26

27 /7 vt /7

28 // BEAEZHMRELO24*768 60Hz VGA

29 /7 - 1/

30 parameter FramePeriod =806; / /% 14 2R #

31 parameter V_syncPulse=6; J/SIEE Y (sync o)

32 parameter V_BackPorch=29; //BnlEa (Back porch p)

33 parameter V_Activerix= /68 /BT ER (D‘\sp1ay ‘|rrtervaﬂ q)

34 parameter V_FrontPorch=3; //B|mEE (Front porch r)

35 parameter Vde_start=3s; w
< 3¢ — I i >
= | Type ID Message ~
2, @ 332146 worst-case minimum pulse width slack is 7.389
1 [ ] Analyzing Fast 1200mv 0C Model ~
=< >
| =| System  Processing (116)

Ln7 Col1 Verilog HOL File 100%  00:00:45
Figure 3-2. V! \Dis Function Test
]

rameter is 1024x768@60Hz.

If users want to

(O Quartus Prime Standard Edition - Ei/Altera/Cyclone V/Software/Test12_project VGA/vga_test - vga test - o x
Fie Edt View Project Assignments Processing Tools Window Help @ .
LT Tl LTy e PA I TAT LY PR 2
Project NavlgatDL Files v|_ e x voa_testy B
I Fes @Obﬁ' nef 0w B
pllv 16 ~
P rvge teste B
> @ plaip 19 parameter Lineperiod =1344; /1B
20 parameter H_SyncPulse=136; J/ATEE R (sync al
21 parameter H_BackPorch=160; //BTF (Back porch b}
22 parameter H_AcCtivePix=1024; //BR i (D‘lsp'\ay mtervaﬂ c
ﬁ parameter H_FrontPorch=24; //E-/\ﬁ (Front porch d)
25 Earameter HdE:End=L320;!
26
<
28 7/ BERESHNETELI0N768 60HZ VGA
29 ! /"
30 parameter FramePeriod =806; / /3B B A
3 parameter V_syncPulse=6; J/BIEE T (sync o)
32 parameter V_BackPorch=29; //BTEL (Back porch
33 parameter V_Activepi 85 J/ETHER (D'\sp'\ay 1r|ter'va'| q)
W' Tl R EAR RO
36 parameter Vde:end:EEB;’
37
38 / - /
39 /) KEAESHREES007600 Ve
40 /1 - - - /
41 //parameter LinePeriod =1056; I HR &
- 42 //parameter H_syncPulse=128; [/ EF {
43 //parameter H_BackPorch=88; /B H pur‘ch b
44 //parameter H_Activerix=800; //BTEFRE (Display interval c)
45 //parameter H_FrontPorch=40; J/RmAEE (Front porch d)
46
47 /" 1/
48 // BEFABESHAIEES0*600 VeA
49 1 - /"
50 /i eriod =628; /75 AR s .
> (s o a gty
< >
Type  ID  Message
System  Processing

Ln71  Col26 Verilog HOL File

0% 00:00:00

(4

aMTeECH

Figure 3-3. VGA Display Parameters

After the VGA display test project correctly synthesized, implemented and generated *.sof file, users
could use Altera Quartus program tool to program the generated *.sof file into FPGA. Below image shows
the FPGA program status with program tool.

QM_CyclonelV_EP4CE15 Daughter Board
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After the FPGA correctly loaded the vga_test.sof file and
the VGA monitor will display different color patterns. Bele

(4

aMTeECH

1Sk Quartus Prime Standard Edition - Ex/Ahera/Cyclone_IV/SW/Project08 VGA/vga_test - vga_test - o X
File Edit View Project Assignmenis Processing Tools Window Help @ .
Ord r = s EEE DrF KD @AV
Froject Navigator Ay Heracchy v |=|Q/8 x| ‘& Compiation Report-vga_test [[] ¥ Pin Planner Bl ¢ vga_festy ° Chaint.cdf* (]
Entiy-instance S =
2, Hardware Setup... [IE Mode: |ITAG ~|  Progress: 1M(Sxxnsﬁl-
iy Cyclone IV E: EPACE1SF23C8
Enabe real-ime ISP to allow background programming when available
v vga_test B o o progr J
5 # plipl_inst
5 Fie Device Checksum  Usercode  Program!  Verify Blank-  Examine  Securty Erase ISP
Pl Start Configure Check Bit cLAMR
o siop output_flesivga_testsof  EPACEISF23 O00EB4E6  OUOEBAES
) Auto Detect
X Delete
P Add Fik.
[ change File.
A save File
F® Add Device.
' up
'l Down
< >
x[Type 1D  message ~
8|, @ 332146 worst-case minimum pulse width slack is 7.389
i o Analyzing Fast 1200mv 0C Model ~
=< >
| <| System®  Processing (115)
100%  00:00:45

»
Figure 3-4. Program FPG /

sersspressedithe SW2 button on core board,
i -ﬁ shows the example color bar pattern.

Figure 3-5. VGA Display Test
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1. Experiment (3): GMII Ethernet Test

The daughter board uses RTL8211EG to implement the 10M/100M/1000M triple speed ethernet
interface. It provides all the necessary physical layer functions to transmit and receive ethernet packets
over the CAT.5 UTP cable. The data transfer between PHY and FPGA is via the Gigabit Media
Independent Interface(GMiII) for 1000Base-T. The RTL8211EG-VB chip supports 3.3V signaling for GMII
interface. Below image shows the hardware design of TRL8211EG:

L3 4.7uH
REG OUT __

AVDD10

C43

4.7uF

—

10

ca2

onF

3v3
(=]

DVDD10
C45 C44

4.7uF quOﬂF

= 3v3 = 3v3
3v3 GND enp @ GNDGND
o - = =
3 sBiRl Sg
o . [a)(a)(a} g 8
e SBEl sk
R48 o <J<|< [a] &} R65,
1.5K OR
us 3| o SB| RRBR| ~ 3
10_AB17 53 - AN H oS [ERNESY [ RN
TO_AALT 54_| MbC B 5 55 ooes  ood gl S
MDIO x O 83 BIIYR 232 22 HRO11130A
10_U22 R61 100R 34 8 o 8% gggg ggg 88
10 V21N 3| CIXCK > § 2% 2333 233 23 Yellow_ LED+ B8 &
ToABIT 47 DEN coco oo Yellow LED- £33
0 AAlS 47| DCLK LEDO_PHYADO Green_LED- 6% &
GND-I||ﬂ5\C}\/\,4'7K TXER LED1_PHYAD1 Green_LED+
o v22 36 LED2
25 39| TXDO 9
R 70| TXD1 MDI[3]- g MDI_3-
5 21 TXD2 MDI[3]+ MDI_3+
O—RASD 23| TXO3 6
O~ABTO 27| TXD4 MDI[2]- 5 MDI_2-
O AALO 75| TXDS MDI[2]+ MDI_2+
5~ABTE 26 TXD6 7
TXD7 2% MDI_1-
10_K21 18 MDI 1+
GND-|||—R5\5/\/\,4-7K|O — 9 RXDVIPHY_AD2 RTL8211EG s
TOR2L 30 | RXCLK 7% MDI_0-
3v30—REIA A ATK RYER_AN1 T MDI_0+
0_K22 ECH B, | Yo
O 21 71 c40 T
O 22 27 | RXD1 100nF
o o o = I
4 O_N21 25 |
sV AN R 77| RXD4/SELRGV =
S OAAZS AN 78| RXD5/TXDLY T N
VBRI ES 25| RXDE/RXDLY CKXTAL2 GNP
3v30—1 : RXD7_ANO | J220F
C11 yy220F Jieno
R4, s 47K 1O _R22 31 1
oND:|| B A TKTO 02T 37| COL/Mode CLK125 X
3V30: - CRS PVEB 55 R46, 4.7K
10 w21 Bz AR
PHYRSTB - NSWREG Y A1 3v3
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aMTeECH

Figure 1-1

. RTL8211 Hardware Design

MIl ethernet communication function, make sure all the hardware connections of

are correctly connected. Altera USB Blaster's JTAG cable shall be connected to

" EPACE1S5 core board’s JTAG interface. The ethernet cable shall be plugged in the board
puter simultaneously. Then power on the development kit with 5V DC power source.

hows an example hardware setup:

QM_CyclonelV_EP4CE15 Daughter Board
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Figure 1-2. Test Setup

Use Quartus Il 15.1 to ope

Project09_GMII_Ethern shows the example project of ethernet_test:

(S Quartus Prime Standard Edition - Ey/Altera/Cyclone_| ject09_GMI|_E test - ethernet_test - o X
Fle Edt View Project Assgnments Processing ool Window Hep @
Or r etnemet test NS EEN TP FES B4V
Project Navigator i Hierarchy. ~|=lne x| ¢ ethernet_testv a
Entityinstance B a7 neEm s PR E
) Cyclone IV E: EP4CE15F23C8 1 timescale ins / 1ps -
e 2 R R L e e dd
~ BH ethernet_test ' 3 // wodule Name: ethernet_test
BH cid_hubiauto_hub 4 e e dd
e ST = 5 Jmodule ethernet_test(
> FB sid_signatap:aute_signaltap_0 6 input reset_n,
p 7 input fpga_gclk,
S : o, ol
> BH udput 9 // output CLK_25_AsSIC,
10 output e_mdc,
11 inout e mdia,
12
| 13 input e_rxc, //125Mhz ethernet gmii rx clock
14 input e_rxdv,
15 input e_rxer,
16 input [7:0] é_rxd,
17
18 input e_txc, //25whz ethernet mii tx clock
19 output e_gtxc, //25vwhz ethernet gmii tx clock
20 output e_txen,
21 output e_txer,
22 output [7:0] e_txd
23 ;
24
25 L
26 wire [31:0] ram wr_data;
27 wire 0] ram_rd_data;
28 wire ram_wr_addr;
29 wire [8:0] ram_rd_addr;
30
31 assign e_gtxcee_rxc; //gExcEit125Mhz R B
32 assign e_reset = 1°b1;
33
34 wire [31:0] datain_reg;
35 e
3z e T3.AT e ceaens
>||< >
x||Type  ID Message
&
2
= | system  Processing
Ln25 Cold Verilog HDL File 0% 00:00:00

(4
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After the ethernet test project correctly synthesized, implemented and generated *.sof file, users could
use Altera Quartus program tool to program the generated *.sof file into FPGA. Below image shows the
FPGA program status with program tool.

Users could check the ethernet connection s
communication speed between the FPGMev

\g'/\

(4

aMTeECH

Ok Quartus Prime Standard Edition - E:/Altera/Cyclone_| ] ) GMII_Ett  test - ethernet test - a x
Fie Edt Wisw Project Assgnments Processimg Tools Window Help @ .
O H AT D C | [ehemet tost S EELTrFES 8AVE
Project Navigator | 4 Hierareny =ge = E-3 ethemet testyv (]
Entity-instance B8 EErSfm 0w ¥ HD
Cyclone IV E: EPACEISF23C8 1 timescale ins / 1ps ~
4 Cyclone 2 L e s
~ BB ethemnet_test ' 3 // module Name: ethernet_test
ET sid_hubiauto_hub 4 N e s
L B = 5 module ethernet_test
> B sid_signatap:auto_signattap_0 6 input reset_n,
7 input fpga_gclk,
> * ramram st 2 output e Feser,
> BB udput 9 /7 output CLK_25_ASIC,

10 output e_mdc,

11 inout e_mdio,

12

13 input e_rxc, //125Mhz ethernet gmii rx clock

14 input e_rxdv,

15 input e_rxer,

16 input [7:0] é_rxd,

17

18 input e_txc, //25mhz ethernet mii tx clock

19 output e_gtxc, //25mhz ethernet gmii tx clock

20 output e_txen,

21 output e_txer,

22 output [7:0] e_txd

23 bH

21

25 L

26 wire [31:0] ram wr_data;

27 wire [31:0] ram_rd_data;

28 wire [2:0] ram_wr_addr;

29 wire [8:0] ram_rd_addr;

30

31 assign e_grxc=e_rxc; //gTxcHiti12 sMhz by

32 assign e_reset = 1'hi;

33

34 wire [31:0] datain_reg;

EH rana ©
< 2|« " B >
|*|type 1 wmessage
&

]
= | System  Processing
Ln25 Colt Veriog HDL File 0% 00:00:00

N

U Lk s X
£8
EE
1Pva i TR HIEIR
IPv6 TR AR
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$EEATE: 00:01:00
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QM_CyclonelV_EP4CE15 Daughter Board

indows OS. Below images shows the ethernet
t board and the test computer is 1Gbps based.

User Manual-V01



In order to finish this ethernet test, users need to set the Windows’s Static IP into 192.168.0.3:

Internet HMVAEE 4 (TCP/IPvY) EiE

=H

() EFEE 1P O
@R REH] IP #EhH(S):

1P HEHED):
FRIEE )
AR D

FIES

i

DNS fEE=

HEHE

5

@ G FE# DNS EREEIEHHE):

B DNS RSP

=/ DNS FEEFEAR

(M =RsiiEnE =N

e

MEREEESITEE, WAILIEEEFEEREN P 28,
EEFRBELIEEESN IP RE.

=, FEEMA

192 .168. 0 . 3

255,255,255, 0

192 .168. 0 . 1
St

X

Figure 1-4. Bt B i 1P

Run Windows Command:Console as administrator. In that DOS type command window bind the
development beard’s' IR, address(192.168.0.2) and MAC address (00-0a-35-01-fe-c0) by typing command:
ARP -s 192.168.0.2 00-0a-35-01-fe-c0:

Bl BES: esiEnT

aMTeECH

Figure 1-5. Binding IP and MAC
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Open the NetAssist ethernet debug tool and set the communication parameters as shown in below figure.
Then press the [Send] button to send the test data http://www.cmsoft.cn QQ:10865600 to the FPGA
development board. In response, the FPGA will send back test data “HELLO QMTECH BOARD” to the
test PC.

& EW AN (CHHSEh ¥308)

s EREHER
(1) s [Eeceive from 192 1653.0.2 : 50307 : ~
| uDp ~| | ||HELLO GMTECH EOARD
[192.168. 0 . 3
{3) E#ROS
e HELLO QMTECH BOARD
@ iiipan HELLO GTECH BOARD
~REEEE
[~ $lbt e, HELLO EMTECH EOAED
[~ BipR{TET
[ =S HELL() GWTECH BOARD

I~ E{EfEhET
REFIE BIRTE | ) gureck poass

SREERR
[~ BEHEHEE . | ||HELLD QMTECH BOARD
[~ BahEEpthnf
[ EERahET
"5 ey 1 Py
[ #iEmiETRE

HELLO GMTECH BOARD W

192.168.0 . 2 BirmO:

REER {1000 2 [ty e, omsoft. on 8- 10865600 B
! | RE
mm; 2 CEEw | Bk Emsl

Figure 1-6. GMII Ethernet Test Result
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2. Experiment (4): MicroSD Card Test

The daughter board provides a MicroSD slot to extend MicroSD or TF card. In this experiment, we uses 8GB
Micro SDHC card provided by Kingston. The Micro SDHC card meets the specification of SD V2.0. Below
image shows the hardware design of MicroSD slot:

J9

R74. . 4.7k 10_AB16 1
RIS 47K 10 AALE 2 | DAT2
RT3/ 2.7k 10_ABI5 3 | CD/DAT3
Z—| CMD
3V R71 DNPIO AAL5 5 | VDD
GND|” 5| CLK
.
[ R70 2.7k 10_AB14 7 | VSS
RS/ \2.7k 1O _AALZ B gﬂg ~
R68A A 4.7k 10_ABIZ 9 oo
co 22
[ONG]
N
e~

1
1T

T3 | GND3
GND4

=

(=]

S

development kit are correctly connected. Altera USB Blas
QM_CyclonelV_EP4CE15 core board’s JTAG interface.

>

MicroSD Card

JTAG Cable

R

y &{w(' : x !T'.Q. ' 1 4
Figure 2-2. Test Environment Setup

In this test example, the MicroSD card is working under SPI mode which could be easily handled by
FPGA. SPI interface only has four wires: CS, MOSI, MISO, CLK. The clock frequency for the SPI
interface is 25MHz which is divided by the on board 50MHz crystal directly. After Power-On, the MicroSD
card enters SD mode and users need to send command to make the MicroSD switch to SPI mode. Then
users need to follow the sequence shown in below figure to initialize the MicroSD card. Users may refer
to the SD v2.0 spec for more details regarding to the Read and Write protocol.

©
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CMDO*
CS Asserted('0")

Card returns response

c : :
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ions. The sampling clock frequency is using on board

ing is data_come. When data_come goes high, there will

card and then read back all these writte
these data transfer between the FPG
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50MHz crystal and the trigger sig
be data comes from MicroSD

“ SignalTap Il Logic Analyzer - E:/Altera/Cyclone_IV/SW/Project07_ MicroSD/sd test - sd_test - [stp1.stp]* - O X

Fle €t Vew Frokct Processing Tods Window Hep @ Errrr— )
BEDC %N % e

e B [ [Resoy o scare x| 3740 Cran Contiguraton: [J7AG resay T x
Instance Status. Enabled  LEs: 851 Memory: 221184 Smal 0/ Medum: 27158 Large: 0/0 Harcware
(2] auto_signakap_0 Not running 851 calls 221184 bits 0 blocks 27 blocks 0blocks
Device: | @1: 10CLO1B(YIZVEPICIE v in
SOF Wanager: || 1) | fotput_fiesisd_tostsof| .|
trigger. 2015/08/19 16:11:56 #0 Lockmode: | . Alow all changes. - Signal Configuration: X
Node. Data Enable | Trigger Enable | Trigger Conaitions | ~
Clock: [l |
Type | Ali Name Pl 7 {ZBascAND -
= sd_state STATUS_DLE M & 2 o
e sd_state STATUS_NTIAL =] =} = ‘Sample depth: RAM type:
= = =
S sd_state STATUS_READ 5] % =2 L] segmented: |3/ @ik sampie segments -
= sd_stale STATUS WRITE M & 2
= = Nodes Alocated: @) Auto O wanual: 27 E
5 Sd_infaksd_intial_inststate = & xh B
& ok =] 2 = Storage quaifer
_— =t ©  ® B -
HES 5D_datain M & 2
= = nput port: | auto_sip_external_st i
. <D sutaot 9 2 = input port: | auto_stp_external_storage_quaifier
5 read_req =] %] Nodes Alocated: (*/ Auto Wanuat |27 z
S
. = =
[N wirite_teq =] &} = Record data disconinuities.
S sd_read:sd_read_ d =] =]
= Lread'sd_read_insfiread_o 4 ) 2 Disable storage qualifier
o sd_read:sd_read_instinc_vald %] %] 2
= ini_o =] &} = -
: = = Trigger
& sd_read:sd_read_instimydata_o %] %] X
e sd_read:sd_read_instidata_come =] &} a Nodes Alocated: @) Auto O Manuat 27 o
= sd_read:sd_read_instimyvaiid_o =] %] = Trinnar finws rnnten | Samusntial -1
< >
Foata & Setup
| Hiorarchy Disply % | [ pstaLog x

~ [ sd_test auto_signaltap_0
® so_iniiatsd_infial_inst
® sd_read:sd_read_inst

auto_signatap_0

4
QMTECH QM_CyclonelV_EP4CE15 Daughter Board User Manual-V01


https://i.stack.imgur.com/w4aO3.png

After the MicroSD test project correctly synthesized, implemented and generated *.sof file, users could
use Altera Quartus SignalTap tool to program the generated *.sof file into FPGA. And then press the
button SW2 on FPGA core board to trigger the test. After a short while, the SignalTap will stop capturing
the data immediately after the data_come goes high. Then we can see the init_o is already in high status
which means the MicroSD has already been correctly initialized. And the data signal mydata_o displays
the data read out from MicroSD card.
@ SignalTap Il Logic Analyzer - Ex/iitera/Cyclone_IV/SWiProjectd7_MicroSD/sd test - sd_test - [stpl.stpl”

Bie Edt Yew Poec Fucessng Jook  fndow Heb @
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| =D W | % | JT40 Cran Contouration: [ 1TAG reagy | x
hatsnce Status Enbied  LEs 551 Memory: 221184 Seak 00 Medim 2758 Large: 00 arcwar: [ = = -
] suto_signatap_0 Mot running =} B51 colls. 221184 bis. 0 blocks. 27 blosks. © biocks.

Devee: | @1: 10CLIB(VIZYEPACISE = | Scan Cham

] SoF Mansger [ds] (1] bulpu_esnd st o]

o Trg @ 201801 2161112 (002 4 eigass) #1

o
T 00000 T

S 1 8 8 1 8t g M g Ly B

S LI nnnn
oo Jomoen]oan]oan]osn o6 [o7no6n [oom]nanfosm] oce fooe] ee oen] ion] in tan] 5 [ an] 5 [v6n] ron] 6] e 1] 18 L ch] o ven] 1P 20n] z1n] z2n [25h] zn] 250 28] 27 n 2on 2n 26 2cn [2on] 2En] 2P oo ] s2n [ 33h 4n [360] 360 370 380 [ 30h [34036n [3ch 50 [3En
PRt Anpnnnrnnprpenaanananananntpnpnpanannnnd L nnnnnanan

Fow msew
[e—— x| [ oss Lo |4 x
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Figure 2-4. a Write and Read Waveform
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3. Reference

[1] ep4cel5f23-sdram.pdf

[2] db-fpga-ep4cel5f23-v0l.pdf
[3] an592.pdf

[4] an592_ch.pdf

[5] cyiv-5v1.pdf

[6] cyiv-5v2.pdf

[7] cyiv-5v3.pdf
[8] pcg-01008.pdf ?
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4, Revision

Comments

0.1 1/1/2018 Initial Version.
1.0 12/1/2018 V1.0 Formal Release.
2.0 28/12/2018 V2.0 Formal Release.
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