Integrating AHB-Lite UART and Memory Controller

The Architecture for the Digital World® ARM
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Design Summary

= Replace AHB2MEM peripheral with SRAM/FLASH memory controller
= Add UART peripheral for basic IO

= The design consists of 3 peripherals with below memory map

PSRAM 0x0000_0000 8 MB
LED 0x5000_0000 0x00 General Purpose 10
UART 0x5100_0000 0x00 Send/Receive

0x04 Control Register
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AHB-Lite Master

= CMO0-DS in our case

Transfer E HREADY
response —HRESP
Global HRESET
signals HCLK:
Data —HRDATA[31:0]
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HWRITE—»
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(HADDR[31:01),
(HEURST[2:01) .,
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(HPROT[3:01) .
(HSIZE[Z2:01),
(HTRAMS[1:01),
(HWDATA[31:0]1),
(HWRITE) ,

S Transfer Response & Read Data
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Address Decoder

= Combination Block

= Decodes the address of each transfer and provides a select signal for slave

* Provides control signal to Multiplexer

HADDR

MUX SEL

HSEL_S0

HSEL_S|

v

HSEL_S2

v
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168 //Rddress Decoder

149

170 AHEDCD uwAHBDCD |

171
172
173
174
175
176
177
178
1749
1a0
131
1lgz
183
134
185
186 );
187

LHARDDE (HADDR[31:07),

.HSEL_50 (HSEL MEM),
.HSEL_S1(HSEL LED),
.HSEL 52 (HSEL UART),
.HSEL_S53(),

.HSEL_S4(),

.HSEL_S5(),

.HSEL_S6(),

.HSEL_S7(),

.HSEL S&(),

.HSEL_59(),
.HSEL_NOMAP (HSEL NOMAF) ,

LMOE SEL(MOX SEL[3:0])
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Slave-to-Master Multiplexer

= Multiplex the read data bus and response signals
= Decoder provides control (MUX_SEL)
= Remember Pipelined Operation

Transfer Response
&

Rdata to MASTER
=

MUX SEL

Transfer Response, Rdata |
< =)

Transfer Response, Rdata 2

< =)

Transfer Response, Rdata 2
< ——————————————
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.HCLE (HCLE] ,
.HRESETn (HRESETn),

LMUE SEL(MUX_SEL[3:01),

.HRDATA S0 (HRDATA MEM),
.HRDATZ 51 (HRDATA LED),
.HRDATA 52 (HRDATA UART),
.HRDATA S3(),

.HRDATL 54(),

.HRDATZ 55(),

.HRDATA S6(),

.HRDATZ 57(),

.HRDATZ S5&(),

.HRDATA 53(},

.HRDATZ NOMAP (32'hOEADEEEF),

.HREADYOUT S0 (HREADYOUT MEM),
.HREADYOUT 51 (HREADYOQUT LED),
.HREADYOUT 52 (HREADYOUT UART),
.HREADYOUT S3{1'bl},
.HREADYOUT 54{1'bl},
.HREADYOUT S5{1'bl1),
.HREADYOUT S6{1'bl},
.HREADYOUT 57{1'bl},
.HREADYOUT S&{1'bl),
.HREADYOUT S3{1'bl1},
.HREADYOUT NOMAP(1'bl),

LHRDATA (HRDATA[31:0]),
.HRERDY (HREADY)
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S/ AHELite Memory Controller

AHB Slaves ABLSHMELSH WMBISRAMELSH

.HRESETn (HRESETn),
.HADDR (HADDR([31:0]),

.HSEL (HSEL MEM),

.HREADY (HREADY) ,

Select ——  HSELXx .HSIZE(HSIZE[Z:0]),
.HTRANS (HTRANS[1:0]),
.HWDATA (HWDATA[31:0]),
.HWRITE (HWRITE),

.HRDLTA (HRDATA MEM[31:0]),

HSIZE[2:0] —HREADYOUT—» Transfer

Address =——HBURST[2:0 ———HRESP———>_J response .HREADYOUT (HREADYOUT MEM],
and control —HPROT[3:0 B
—_—HTRANS[1:0 MemDE (MemDE) ,
—HMASTLOCK MemRdr (MemRdr SERMCTRL),

HREADY: .RamCs (RamCEn) ,
Data —HWDATA[31:0] [ HRDATA[31:0]—»  Data -MeniR (RamWEn) ,

.Mem(E (RamOEn) ,
Global HRESETn .RamlE (RamUBn) ,
signals \_ —— HCLK .RamLE (RamLEBn) ,
.RamCre {RamCRE) , RHRUART uRHBUART (
.Ramidv (RamhlVn) , -HCLE (HCLE]) ,
SAAHBLitce Slave .RamClk (RamCLE) , .HRESETn {HRESETR),
AHBZLED uRAHBZLED | .Ramifait (Ramffait) .HADDR (HADDR[31:0]),

AFAAABLITE Signals s .HTRANS (HTERNS[1:0]),

-HSEL (HSEL_LED) ., .HWDATA (HWDATA[31:0]),

- HCLE (HCLE) , .HWRITE (HWRITE),

.HRESETn (HRESETn) , HREADY (HREADY)

.HRELDY (HRERDY : '

DR ( DR) Ve .HREADYQUT (HREADYQUT UART),

-Im Iﬂm r

.HTRANS (HTRANS[1:01) ., -ETES{EDEEEMMSLU] g

.HWRITE (HWRITE) , : { — Ve

.HSIZE (H5IZE),

.HWDATA (HWDATA[Z21:01), -RaRx (RaRx],

LBaTx (RaTx)
.HRDATA (HRDATA LED), ff .uart_irg(URRT_IRQ)

SHREADYOUT (HEEADYOUOT LED) )z
FSi5ideband Signals

LILED(LED[E:01)
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Lab Steps (with PSRAM)

|. Compile the Software using KEIL MDK ARM and generate code.hex file

2. Follow the steps given in the lab manual to download code.hex onto PSRAM
3. Open FPGA project under Vivado and implement the design

4. UseVivado hardware manager to download the .bit file

5. Communicate with the board using HyperTerminal (or any other serial terminal)

: ARM



Lab Steps (with BRAM)

|. Compile the Software using KEIL MDK ARM and generate code.hex file
2. Open FPGA project under Vivado and implement the design
3. UseVivado hardware manager to download the .bit file

4. Communicate with the board using HyperTerminal (or any other serial terminal)
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Output

- -— — e — —

- —
BN - HyperTerminal
exysd - HyperTermina -

Eile Edit View Call Transfer Help

68084907
40082101

D1F92800
40024903
600863808
E/DEGO10
20000000
21000000
21000004

Reading and displaving first 16 bytes from the external memory
FCFF OO 81000000000 0OD

-— Exiting main() —-
TEST:

TEST:
TEST:
TEST:
TEST:
TEST:
TEST:
TEST:
TEST:

| D——AF =XZ3D

1 [m |

Connected 00:23:14 Auto detect 19200 8-M-1 SCROLL | CAPS | NUM | Capture
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