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1 Introduction
1.1 Purpose

The purpose of this document is to describe SD Host Controller integration details.
1.2 Scope

This document describes the SD Host Controller. This document contains information
about IPintegration details.

1.3 Reference Document
e SD Physical Specification Version 3.00

e SD Host Controller design document (iW-EMEXU-DD-01-R1.0-REL1.0.doc).
1.4 Overview

_ AXl4 lite interfacg SD Interface
h ” SD Host
Controller

&

\4

AXI14 Memory Mapped
interface

&
<

\

Figure 1: SD Host Controller Block Diagram

SD Host Controller defines a standard register set to control SD memory card. iWave
SuppliesSD Host controller as IP catalog component.

1.5 Acronyms and Abbreviations
Table 1: Acronyms & Abbreviations

Term Meaning
FPGA Field Programmable Gate Array
RTL Register Transfer Logic
SD Secure Digital
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2 |P Instantiation

2.1 Step to instantiate the iwave SD Host Controller IP
Below steps are given to add iWave SD Host controller IP to a existing Vivado Block

designproject.

Below figure shows the high-level block diagram of project created targeting Zed Board
ZyngEvaluation and Development Kit.

HP PORT| _ &Y™
> Processing

system

GPO PORT
P R AXI14 R
Intercon [ 7
nect
FCLK CLK2 idelay ref clk i |
) iWave SD Host [€
FCLK_CLK1 melk_i Controller 3.0
Clock >

Wizard mclk90_i

ra

user_intr_o

AXI4 B

SD
Interface _

Interconnect

Block Design

design_1_wrapper.v

Figure 2: Example design block diagram

Following steps explains the procedure to add the iWave SD Host Controller

IP.Copy the Release package and paste at say E:\

1. Copy the content in the Folder E\\iW-EMEXU-FF-R1.0-REL1.4\iW-EMEXU-FS-

R1.0-REL1.0 to E\iW-EMEXU-FF-R1.0-REL1.4\iW-EMEXU-ED-R1.0-

REL1.0\project_1
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@Qv| | « New Volume () » iW-EMELY-FF-RLO-RELL3 » iW-EMELY-ED-RLO-RELL3 » project1 » Search project 1 )
' Organize v & Open ~ New folder B
Bl Desktop - Name . Date modified Type Size
& Downloads &l . . N -
= R Hphes . project_l.cache 02-11-2016 11:20 File folder
o tianay Ji project_1.hw 021120161120 Filefolder
il 8 . project_l.runs 02-11-2016 11:20 File folder
’TJ';'E"ES || project 1.sim 12-10-201618:03 File folder
*J M°(lfme"ts || project_L.srcs 021120161120 File folder
d e ({31 Iwave_user_sd_host_controfler. 1.3 021120161220 Compressed (zippo S5 K|
‘-ﬂ :IC:U{ES' ¢ project 1 28-10-2016 13:23 Vivado Project File 7KB
=l subversion
B Videos
Figure 3: Step#l to instantiate the iWave SD Host Controller IP in Design
2. Open the project and goto Tools -> Project Settings
project_1 - [E:/iW-EM EL‘I"—FFF.I.U—REU.E.HW-EM‘EL\'—ED—RI.D—M;WQECI
—
e Edit Flow | Tools | Window Layout View Help
FE A Report v | |22 pefaultt
T — &  Create and Package IP...
. Create Interface Definition.. .
L= ] .
Run Td Script. ..
Project Manal |Z  Property Editor Ctrl+]
ﬁ Project Assodiate ELE Files...
aﬁ' Add sall Compile Simulation Libraries. ..
‘.? Languaq Xilinx Td Store...
gi IF Catal Customize Commands 3
| & Project Settings...
IP Integrator ;
- & Options...
-_?;1?_, Create brocroesmg
Figure 4: Step#2 to instantiate the iWave SD Host Controller IP in Design
3. In Project setting go to IP, as shown below
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j'i; Project Settings

1P
y} 5 f{epository &anager [ Eaékager 1 [P Cache

General (i) Add directories to the list of repositories. You may then add additional IP to a selected
G repository. If an IP is disabled then a tool-tip will alert you to the reason.
q;u Q

IP Repositories

Simulation
&1,\
£
Y

Elaboration

i Press the == button to Add Repository |

| Synthesis

>

Implementation
|2ot q
Eisu-eam RngESh All "
i’: IPin Selected Repository

P =

== | 4

[ oK |[ Cancel ][ Apply J

Figure 5: Step#3 to instantiate the iWave SD Host Controller IP in Design

4.Click on + in IP Repositories and set it to E\iW-EMEXU-FF-R1.0-REL1.4\iW-EMEXU-ED-
R1.0-REL1.0\project_1

and Click on + in Selected Repository and add Iwave_user_sd_host_controller_1.3.zip IP
andClick OK as shown below
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< \ijectl‘lanager-project_l

Sources — O X || Project Summary X |
e = | <
B A wat RiE . Project Settings
- [=)-{ Design Sources (1) %’ Project . e
i ¥o 4% design_1_wrapper (desian_1_wrapper.v) (1) e bt project_.
H onstraints (1) Project location:  E:/iW-EMELY-FF-R1.0-REL1.3/iW-EMELY-ED-R 1.0-REL 1. 3/project_1
[#-{ Simulation Sources (1) Product family: Zyng-7000
JL Project Settings | 8% | }020dq484-1
P
w " Repository Manager | Packager | IP Cache |
General (i) Add directories to the list of repositories. You may then add additional IP to a selected
‘@' repository. If an IP is disabled then a tool-tip will alert you to the reason.
IP Repositories
Simulation P8 e -EMELY-FF-R 1.0-REL L. 3/W-EMELY-ED-R 1.0-REL 1. 3/project_1 {Projec)
q ) —
| Hierarchy | 1P Sources | \‘@J 4
— 4 Elaboration
& Sources | ¥ Ten i 3
Properties
= Synthesis | e 4 | Implementation
halhd i [ Select P To Add To Reposi ] i
|) 4L Select IP To © Repository
Implementation Lookin: | |, project 1
™
}www‘)-:; T Name Size Item type Date modified
Bitstreain s |, project_l.cache File folder 02-11-2016 12:29
=l Recent Items I, project_1.hw File folder 02-11-201612:29
Seleq @: | project_l.runs File folder 02-11-201612:29
VIP |, project_ 1.sim File folder 12-10-2016 18:03
N— - | project_l.srcs File folder 02-11-2016 12:29
Desktop ™) Jwave_user_sd_host_controller 1.3 541KB Compressed (zipped) Folder 02-11-2016 12:20
My Dactments

Figure 6: Step#4 to instantiate the iWave SD Host Controller IP in Design

5.0pen the Block design where the IP need to be added and right click and select
"Add IP"option in the IP catalog search for iWave IP as shown below.
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clk_wiz 0

b oustl =
——==dk_inl

locked

Clocking Wizard Eear':h: q ||||'I.'a| {1 =

EMTER. to select, ESC to cancel, Ctrl+Q) for IP di

Figure 7: Step#5 to instantiate the iWave SD Host Controller IP in Design

6. Add iWave SD Host Controller IP as shown below

gd Rt contrallar 0

au gk 5:
mmc_dk_o

dakal gir_o
dakal_3_dir_o
wdtage 1B sl o
enable o)

umer_inir

ol _hast_comtraller_ w1 3
Figure 8: Step#6 to instantiate the iWave SD Host Controller IP in Design

7. Open the Zynq Processing system and enable the HP port, PL Interrupt and clock as
shownbelow.
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Diagram —eax
] deson_s »
| @ Desgner Assistance avalable. fun Connecton Automation.

o

oOR

o FDED_10
_rst processing, systen7_0_100M

K EVSIN b

< L Re-customize IP — —-—— )
= ZYNQ7 Processing System (5.5) /
» 1 Documentaton @ Presets 5 1P Locaton @) Import X5 Settngs
i Page Navigator « | PSP Configuration
X o 3 B oo
. 2yna Bock Desig ® i
é PSP Configuration A
B ! - e Selec Deszroton B soes
P Periheral 110 Prs oy 1 Generdl
» ™ [ AXI Non Secure Enablement 0 ~ Enable AXI Non Secure Transaction

MIO Configuration

4 P Save AN Interface
Clock Confiration 19 Siave AX Inerfoce
11 5 AXLHPO nteoce 7 raties Al high performance save interface 0
D0R Confiuration sy

SMC Timing Caleudation

Enables AXE high performance slave nterface 1
Enables AXI high performance siave interface 2
Enables AXI high performance siave nterface 3

Intermipts

) PSPL Cross Troger mterface Enables PL coss tioger s0nals 10 PS and vice versa

ARESETND-0)
2 A

AeseTgeco)

Figure 9: Step#7.1 to instantiate the iWave SD Host Controller IP in Design

#  Re-customize IP x
ZYNQ7 Processing System (5.5) P
IP Location & Import XPS Settings

@ Documentation  £F Presets

Page Navigator — —

Zyng Block Design

Clock Configuration Summary Report

Basic Clocking  Advanced Clocking

Input Frequency (MHz) 33.333333 CPU Clock Ratio| 6:2:1 ~

PS-PL Configuration

Peripheral liQ Pins

« Q = = =

MIO Configuration Search

Component Clock Saurce Requested Frequ... Actual Frequency(.. Range(MHz)
Clock Configuration

» Processor/Memory Clocks

DDR Configuration » 10 Peripheral Clocks

~ PLFahric Clocks
SMC Timing Calculation

[ FCLK_CLKO 10 PLL w100 100.000000 0.100000 : 250.000000
Interrupts [+ FCLK_CLK1 10 PLL | 200 200000000 0100000 : 250.000000
) FCLK_CLK2 I0OPLL 200 10.000000 0.100000 : 250.000000
) FCLK_CLK3 10PLL 190 10.000000 0.100000 : 250.000000

» System Debug Clocks

> Timers

Figure 10: Step#7.2 to instantiate the iWave SD Host Controller IP in Design
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rﬂ Re-customize IP {s i a L_f 3-1 l &‘

ZYNQ7 Processing System (5.5) '

@ Documentation ﬁ Presets || ) IP Location @ Import XPS Settings

Page Navigator « | Interrupts Summary Report \
2Zynq Block Design
i 9 W search: | O
PS-PL Configuration !,Q}“
K'Zﬁ Interrupt Port jin) Description
24
Peripheral 1/O Pins 4y B [V] Fabric Interrupts Enable PL Interrupts to PS and vice versa
_ = & PLPS Interrupt Ports
MIO Configuration | [ RQ_F2P[15:0] [91:84], [68:... Enables 16-bit shared interrupt port from the PL. MSB is assigned the highest In...
7 < . =[] Core0_nFIQ 28 Enables fast private interrupt signal for CPUOD from the PL
Clock Configuration - [7] Cored_nIRQ 31 Enables private interrupt signal for CPUD from the PL
; i [7] Corel_nFIQ 28 Enables fast private interrupt signal for CPU1 from the PL
5 I <
BOR: Configuration . =[] Core1 nIRQ 31 Enables private interrupt signal for CPU1 from the PL
SMC Timing Calculation PSR Interupt Rorks
\Llntern.pts

Figure 11: Step#7.3 to instantiate the iWave SD Host Controller IP in Design

8. Run the connection automation as shown below.

R

p
= Run Connection Automation =)
i prcesang sy 0 1004
Automatically make connections in your design by checking the boxes of the interfaces to connect. Select an interface on the left to display its configuration options on
the right.
[SQIERFAJAI Automation (3 out of 3 selected)
sigpo 0 ! ! = 1] £F iwave_sd_host_controller_0
1 el 9] @ axi
= e =
o1 = )@ s_aa
| =[] £F processing_system7_0
[ {V] i} S_AXI_HPO

Select an interface pin on the left panel to view its options

proomeng sriany 0 s path
]

HyE
D%D .
| o | b

Figure 12: Step#8 to instantiate the iWave SD Host Controller IP in Design
9.Do the Clock and reset Connection as shown below?
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provessng_aystem?_0

oo= + |} > DDR
eozn 0 + || o FIXEL
|| BT A1 G0 + [Zie
i+ 5 o s - TTODWAVED CUT [
MAXE GPO_ACLE ZYN{] TTCO_WAVE1_OUT =
5 AXI HFD_ACLE T TTCO WAVEZ OUT f=
w0 FER[0D] FCLE CLeD
FOLK_CLK1
FCLK RESETD N p—
- - ad_host_controller_0
DYNOT Processng Syatem

Figure 13: Step#9 to instantiate the iWave SD Host Controller IP in Design

10. Do Interrupt connection as shown below?

' mclk_i should be 208MHz(SD Base clock) and mclk90_i is 90 degree phase shifted mclk_i. Clock wizard
is usedhere to generate the mclk_i and mclk90 i
2 Interrupt is active high

procesang_system 7 0

oo= + | - DDR
FoEo 0 + ||k o FIXED 1O
||+ =a s Fro oA N_AKIGE0 + [y
]+ 5 mou 0 - TTCOWAVED UT =
e ZYN Treommer ovr
5 A3 D TTED_WAVEZ CUT =
Fi) FzF(0D) Fouk_cun m—t—4
FOLE_CLKI
FOLK_RESETON B 5d_host_controlier_0
TYNOT Processing Syslem

Figure 14: Step#10 to instantiate the iWWave SD Host Controller IP in Design

11. Make the remaining port as external(Select the ports and press"Ctrl + T")
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frocassing_system? 0

ooa + || > oor
ro=o 0 +[} o Fixen_io

i + 5 a0 FEa TR g o 4 [
4+ 5 a0 s - TTCOVAWED OUT 1
AN GPO_AC K ZYNG TTCO_WAVE1_OUT =
1 B A0 HFD_ACLE TTCD WAVEZ OUT fm

Ra FFon FOLK GLED )

FOLK CLEA [

Bl e onnec FOLK RESETO N

TTNGT Processing Sysem

processing_system?_0_ax_perigh

4 =00 an =d_hast_eanteiler 0
1 LK
ARESETN n_u i 2
L =0 ACLE EEE oo ax 4 5 e eme_cdk_o [ [ mmec ck a0
[ 5 a4 ack | mme_ama o e _cmd_io_0
b MDD ACLE s ad_amseinl  mmc_dat iof3o0] O mme_dat_io_030]
oo _ARESETM isclay_rct_ch i cma o o [ ond dirad
etk i a0 ar o [ datal_diro_0
Rl memaned P P [ dawl_3_dr_a 0
mme od i wokage 1 8 dot o { waktage 1 8 =it 0 0
1 processing_system?_0_100M e R n enanie o [ enavie_a_0
wser_inr_o
dowest_syne clk b rasat
et sct bus_srct macqod

=_has_coneaie _vi_3
an_resetin priphoml_rescenio]

mh_cbug a5 r= InSOOnact arcscnio]
| &m kocked perighonl_amsaniiio]

Block: sd_host_controller_0

Cicking Wezard Processar Sysiem R

mme_od_n_i O
mime_wa_n_t >

Figure 15: Step#11 to instantiate the iWWave SD Host Controller IP in Design

12. Go to Address Editor Tab and make Iwave_sd_host_controller_0 to range 4K as
shownbelow

—_Ovwv J&nddrﬁs&ihnr X]E—ﬂDiagram X|

O\ Cel Slave Interface Base Name Offset Address Range High Address
_aresetn = Z Bﬂ processing_system7_0
resetn paq | i B Data (32 address bits : 0x40000000 [ 1G 1)

= - sd_host_contraller_0 | |sma  [ox43co_oooo 0x43C0_0FFF
[

E--{F sd_host_controller_0
BB axi (32 address bits : 45)

13. Generate the output product as shown below

Figure 16: Step#12 to instantiate the iWWave SD Host Controller IP in Design
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oOUrces P I I
A p !
== R

[=)-{= Design Sources (1)

Cal

E}---.-_.[-:a‘-.'. design_1_wrapper (desion_1_wrapper.v) (1) |
B "Jf': &} Source Mode Properties Ctrl+E |
: EH R
| Constrai * Open File Alt+0Q =
-4 Simulztic Create HOL Wrapper...
View Instantiation Template "
Generate Output Products. .. i
Reset Qutput Products... |
. £
Alt+1 1
#  Remove File from Project. .. Delete 1
Alt+Equals
Disable File Alt+Minus L
Hicrarchy [ Hierarchy Update » i
6b SOUPSy o pefresh Hierarchy ¢
Figure 17: Step#13 to instantiate the iWave SD Host Controller IP in Design
14. Give the pin constraint for SD interface using xdc file
15. Generate the bit file.
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3 Implementation Details
3.1 Clock Domain

SD Host Controller IP uses three clock domains SD Base clock (mclk_i and mclk90 i)
and Hostprocessor interface Clock.

3.2 Signals Crossing Clock Domains

The following figure shows the constraints for the design. In the example design all three
clocks is derived from PS. Tool automatically derives the period constraint for each clock.
The constraints given here are 10 standard constraint and False path constraints. These
constraints arewritten in the .xdc file along with the clock and pin constraints.

set property PRCEAGE _PIN N22 [get ports [mmc_dat_ic[3]}]
set property PRCEAGE _PIN J21 [get ports [mmc_dat_ic[2]]]
set_property PRCEAGE PIN M21 [get_ports {mmc dat_ioc[l]}]
set_property PRCEAGE PIN R1% [get_ports {mmc dat_ic[0]}]
set_property PRCEKAGE_PIN P17 [get_ports mmc clk o]
set_property PRCEAGE PIN T1é [get ports mmc cmd io]
set_property PRCEAGE PIN N17 [get ports datal dir o]

set property PRCEAGE PIN P20 [get ports datal_ 3_dir o]
set _property PRCEAGE PIN J18 [get ports cmd dir o]
set_property PRCEAGE PIN R20 [get_ports woltage 1 8 slct o]
set_property PRCERAGE PIN L21 [get_ports mmc_cd n i]
set_property PRCEAGE PIN L22 [get ports mmc wp n i]

set property IOSTANDRARD LVCMOS1E [get ports {mmc_dat_ic[3]}]
set_property IOSTANDRRD LVCMOS1E [get ports {mmc_dat_ic[2]}]
set_property IOSTANDRRD LVCMOS1E [get ports {mmc_dat_ic[l1]}]
set_property IOSTANDARD LVCMOS18 [get ports [{mmc_dat_io[0]}]
set_property IOSTANDRARD LWVCMOS1E [get ports mmc clk o]
set_property IOSTANDARD LVCMOS1E [get ports mmc cmd io]

set property IOSTANDRARD LVCMOS1E [get ports datal_dir o]

set property IOSTANDRARD LVCMOS1E [get ports datal 3_dir o]
set_property IOSTANDRRD LVCMOS1E [get ports cmd dir o]
set_property IOSTANDRRD LVCMOS18 [get ports woltage 1 & slct o]
set_property IOSTANDRARD LWVCMOS1E [get ports mmc wp n i]
set_property IOSTANDARD LVCMOS1E [get ports mmc cd n i]

[ ST

[T S S I ST S I

F
Y i

;]
1

Figure 18: Pin and 10 standard constraints

28 set false path -from [get clecks clk_fpga 0] -to [get_clocks clk fpga 1]

2 set false path -from [get clocks clk_fpga 0] -to [get clocks -of_objects [get pins design 1l wrapper/design_1_i/fclk wiz_0/inst/plle2_adv_inst/CLEQUT1]]
. set_false path -from [get clocks -of objects [get pins design 1 wrapper/design 1 ifclk wiz 0/inst/plle2 adv inst/CLEOUT1]] -to

31 E [get_clocks -of_objects [get pins design 1 wrapper/design_l ifclk wiz_ 0/inst/plle2_adv_inst/CLEQUIO]]

32 | set_false path -from [get clocks -of_objects [get pins design 1 wrapper/design_l_i/fclk wiz_0/inst/plle2_adv_inst/CLKOUT1]] -to

33, [get clocks clk fpga 0]

E set false path -from [get pins design 1 wrapper/design 1 i/fsd host_controller 0/inst/mmc_host_inst_9/rstall n r2 reg/C]

Figure 19: False path constraints
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R 1.0

The table below shows the resource utilization summary for Xilinx Zyng 7000

4 FPGA Implementation

4.1 Resource Utilization

xc7z020clg484-1device with SD 3.0 Host controller IP.

Table 2: Resource Utilization

LUTs 2671/53200 5.02%
FFs 2202/106400 2.07%
Slices 1804/13300 8.15%
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