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1 Introduction 

1.1 Purpose 

The purpose of this document is to describe SD Memory Slave Controller Integration manual. 

1.2 Scope 

This document describes the how to integrate the SD Memory Slave Controller. This document 
contains information about IP interface ,synthesis and verification details. 

1.3 Reference Document 

• SD Physical Specification Version 2.00 

• SD Memory Card Test specification version 2.0. 

• SD Memory Slave Controller design document (iW-ASCDS-DD-01-R1.0.doc). 

1.4 Overview 

 

SD Memory 
Slave 

Controller

SD Interface User Interface

 

Figure 1: SD Memory Slave Controller Block Diagram 

SD Memory Slave Controller can be used evaluate SD to any custom logic/interface. The SD 
memory interface supported by the bridging applications enables a low-cost and small size 
implementation. A typical application includes a communication link between SD memory host 
interface and memory devices. 

User interface can be used to access the SD memory application interface. 

SD Memory Slave Controller is a rigorously verified ,reliable and easy-to-integrate core. Ease of 
integration is served by a complete verification environment. 

The deliverables for the SD Memory Slave Controller include the synthesizable RTL code 
(Verilog), the standalone testbench, synthesis and simulation as well as full documentation. 
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The top level component supplied is the sd_mem_slave component. The sd_mem_slave 
component includes the instantiation of  RAM modules, and it is synthesizable only for FPGA 
technologies. ASIC users should use the appropriate RAM modules. 

 

1.5 Acronyms and Abbreviations 

Table 1: Acronyms & Abbreviations 

Term Meaning 

FPGA Field Programmable Gate Array 

MMC Multi-Media Card 

OS Operating System 

PC Personal Computer  

SD Secure Digital 

UART Universal Asynchronous Receiver/Transmitter 

USB Universal Serial Bus 
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2 IP Configuration and Instantiation 

2.1 IP Configuration 

The Verilog source version of the sd_mem_slave is configured before synthesis through the 
package header file sd_mem_define.v. 

2.1.1 sd_mem_define.v 
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Figure 2: IP Configuration File 

Single header is provided to configure the SD memory Slave controller as either high Capacity 
card or standard capacity card. Uncomment the `define  HIGH_CAP_CARD to configure the SD 
memory Slave controller as high Capacity card. The card status register CSR, card identification 
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register CID, SD configuration register SCR, operational condition register OCR and SD status 
register SSR are defined in the sd_mem_defines.v file. 

The card configuration is done through  sd_mem_defines.v by changing the attributes. Below 
example explains few configurations, 

1. Configuring sd_mem_slave as high capacity card of size 8GB 

• Uncomment the `define   HIGH_CAP_CARD 

• `define C_SIZE_HIGH   22'h3FFF 

• `define MAX_ADDR 32'h1000000 

2. Configuring sd_mem_slave as standard capacity card of size 32MB for block length of 
512bytes 

• Comment the `define HIGH_CAP_CARD 

• `define C_SIZE  12'h7CF 

• `define MAX_ADDR 32'h2000000 

• `define C_SIZE_MULT   3'h3  

3. Configuring sd_mem_slave as standard capacity card of size 2KB for block length of 
512bytes 

• Comment the `define HIGH_CAP_CARD 

• `define C_SIZE  12'h0 

• `define MAX_ADDR 32'h800 

• `define C_SIZE_MULT   3'h0 

4. Configuring the Manufacturing ID of CID register as x98 

• `define MID    8'h98 

5. Configuring OCR register for 2.7V to 3.3V 

• `define OCR    24'h1F8000 

2.1.2 Component Instantiation 

sd_mem_slave component can be instantiated as follows: 
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Figure 3: Component Instantiation 
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3 Deliverables 

3.1 Introduction 

The SD Memory Slave Controller Core is a reliable and easy-to-integrate. Ease of integration is 
served by a complete verification environment. 

The deliverables for the SD Memory Slave Controller core include the synthesizable RTL code 
(Verilog), a standalone test bench, example design for SD memory slave controller synthesis and 
simulation environments as well as full documentation. A typical release tree is as shown in the 
figure below. 

3.2 Directory Structure 

Release_V1.0-SD_Memory_Slave_Demo

iW-ASCDS-BN-01-R1.0

iW-ASCDS-IM-01-R1.0

iW-ASCDS-FS-01-R1.0

iW-ASCDS-UM-01-R1.0

iW-ASCDS-SY-01-R1.0

iW-ASCDS-FF-01-R1.0

iW-ASCDS-DD-01-R1.0

iW-ASCDS-SI-01-R1.0

 

Figure 4: Directory Structure 
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4 Implementation Details 

4.1 Example design for SD Memory Slave Controller 

This design illustrates that, how the sd_mem_slave component can be interfaced at the user 
interface side. example_design is the top level block which integrates SD memory slave 
controller and example design. 

Example design module interfaces to user interface side and generates the controls to access the 
attached 2KB RAM memory. 

4.1.1 sim_wait.v 

This header file used only for simulation purpose, so for FPGA implementation using user 
application example design  `define  SIM_WAIT should always be commented. 

4.2 Clock Domain 

sd_mem_slave uses two clock domains sd_clk_i and sys_clk_i. 

4.3 Signals Crossing Clock Domains 

Table 2: Signal list of crossing clock domains 

Path Source 
clock 

Destination 
clock 

sd_mem_top/sd_cmd_path/sd_bus_fsm/xfer_req_o to 
sd_mem_top/user_if/xfer_req_d1 

sd_clk_i sys_clk_i 

sd_mem_top/sd_cmd_path/sd_bus_fsm/xfer_cmd_o[1:0] to 
sd_mem_top/user_if/xfer_cmd_d[1:0] 

sd_clk_i sys_clk_i 

sd_mem_top/sd_cmd_path/sd_bus_fsm/xfer_block_len_o[9:0] 
to sd_mem_top/user_if/xfer_block_len_d[9:0] 

sd_clk_i sys_clk_i 

sd_mem_top/sd_cmd_path/sd_cmd_fsm/block_mode_o to 
sd_mem_top/user_if/block_mode_d 

sd_clk_i sys_clk_i 

sd_mem_top/sd_cmd_path/sd_cmd_fsm/pre_erase_o to 
sd_mem_top/user_if/pre_erase_d 

sd_clk_i sys_clk_i 

sd_mem_top/sd_cmd_path/sd_bus_fsm/data_read_o to 
sd_mem_top/user_if/data_read_d  

sd_clk_i sys_clk_i 

sd_mem_top/sd_cmd_path/sd_cmd_fsm/data_addr_o[31:0] to 
sd_mem_top/user_if/data_addr_d[31:0] 

sd_clk_i sys_clk_i 

sd_mem_top/sd_cmd_path/sd_cmd_fsm/erase_saddr_o[31:0] 
to sd_mem_top/user_if/erase_saddr_d[31:0] 

sd_clk_i sys_clk_i 

sd_mem_top/sd_cmd_path/sd_cmd_fsm/erase_eaddr_o[31:0] 
to sd_mem_top/user_if/erase_eaddr_d[31:0] 

sd_clk_i sys_clk_i 
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sd_mem_top/user_if/erase_no_of_blk_i[22:0] to 
sd_mem_top/user_if/erase_no_of_blk_d[22:0] 

sd_clk_i sys_clk_i 

sd_mem_top/user_if/stop_cmd_rcvd to 
sd_mem_top/user_if/stop_cmd_rcvd_d1 

sd_clk_i sys_clk_i 

sd_mem_top/sd_data_path/sd_data_fsm/wr_blk_done_o to 
sd_mem_top/user_if/wr_blk_done_d1 

sd_clk_i sys_clk_i 

sd_mem_top/sd_data_path/sd_data_fsm/wr_blk_crc_err_o to 
sd_mem_top/user_if/wr_blk_crc_err_d1 

sd_clk_i sys_clk_i 

sd_mem_top/user_if/write_completed_sd to 
sd_mem_top/user_if/write_completed_sd_d1 

sd_clk_i sys_clk_i 

sd_mem_top/user_if/write_buffer/rempty to 
sd_mem_top/user_if/wrbuf_empty_d1 

sys_clk_i sd_clk_i 

sd_mem_top/user_if/write_complete_rcvd to 
sd_mem_top/user_if/write_complete_rcvd_d1 

sys_clk_i sd_clk_i 

sd_mem_top/user_if/usr_if_error_s to 
sd_mem_top/user_if/usr_if_error_d1 

sys_clk_i sd_clk_i 

sd_mem_top/user_if/stop_cmd_rcvd_sys to 
sd_mem_top/user_if/stop_cmd_rcvd_sys_d1 

sys_clk_i sd_clk_i 

sd_mem_top/user_if/read_buffer/wptr[9:0] to 
sd_mem_top/user_if/read_buffer/rwptr1[9:0] 

sys_clk_i sd_clk_i 

sd_mem_top/user_if/write_buffer/wptr[9:0] to 
sd_mem_top/user_if/write_buffer/rwptr[9:0] 

sd_clk_i sys_clk_i 

sd_mem_top/user_if/read_buffer/rptr[9:0] to 
sd_mem_top/user_if/read_buffer/wrptr1[9:0] 

sd_clk_i sys_clk_i 

sd_mem_top/user_if/write_buffer/rptr[9:0] to 
sd_mem_top/user_if/write_buffer/wrptr1[9:0] 

sys_clk_i sd_clk_i 

 

4.4 Memory Requirements 

Table 3: Memory Requirements 
          

Kind of 
memory 

Name Number 
PortA PortB Address 

width 
(bits) 

Number 
of word 

Data 
width 
(bits) 

W/R Clock W/R Clock 

Async 1KB 
FIFO  

write_buffer 1 W sd_clk_i R sys_clk_i NA 1024 8 

read_buffer 1 W sys_clk_i R sd_clk_i NA 1024 8 
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4.5 Example Design for sd_mem_slave constraints 

4.5.1 example_top.sdc 
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Figure 5: Example design for sd_mem_slave IP constraint File 
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5 FPGA Implementation 

5.1 Resource Utilization 

The table below shows the resource utilization summary for Actel ProAsic (A3P250–PQG 208) 
FPGA device for Example design for sd_mem_slave. 

Table 4: FPGA Resource Utilization 

No. of Core Tiles 5668 

No. of RAM/FIFO Block 8 

IO 9 

Global  6 
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6 Simulation Environment 

6.1 Block Diagram 

SD Host 

BFM

SD Memory 

Slave IP 

with  2K 

user application

(UUT)

wr_data_inrd_data_out

Clock and Reset

generator

 

Figure 6 : Test Environnent 

6.2 Description of Test Environment 

The test environment consists of mainly below units: 

• Clock and Reset generator 

• SD Host BFM 

• Text files 

6.2.1 SD memory Slave IP (UUT): 

SD memory slave IP acts as the SD memory device which is the unit under test. 

6.2.2 Clock and Reset generator: 

This module will generate the system clock and system reset signal required for the SD memory 
IP and EBI interface. 

6.2.3 SD Host BFM: 

SD host BFM has the different tasks which will generate the different commands to test the IP. 
This module also receives the response from the IP and checks whether the response is received 
properly or not. During the write operation this BFM reads the data from the wr_data_in.txt and 
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passes the data in the data line as the write data to the IP. During read it receives the data from IP 
and compares with the input data and displays test result depending on the result of comparison. 

6.2.4 Test Description: 

The defined test case will be used to test the single and multi-block write and read. The test case 
will first  test the single block operation by writing the 512 bytes of the data followed by the read 
of same. After the successful write and read the host BFM will compare the read data with 
written data. If there is no data mismatch which means the test is successful, the BFM will 
initiate the multi-block write with 4 blocks of data followed by the multi-block read. After 
completion of all block write and read, the BFM compares the read data with written data and 
depending on the comparison, the test result will be displayed. User can check the waveform and 
confirm that the test results. 
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7 Simulation Procedure 

The following steps are followed to simulate the design in Modelsim DE 10.1. 

1. Open Modelsim DE 10.1 and change directory to the test folder with the following 
command in the Modelsim prompt. 

ModelSim> cd {path of simulation environment} to change the simulation directory 

2. Simulation can be carried out with below mentioned command 

Modelsim> do run.do  

3. Verify the design by observing the Modelsim console. The console will display different 
debugging message 

4. The verification can also be done by observing the waveform on the waveform window. 

 


