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-- AMBA AHB SLAVE UNIT

-- Author: Laurentiu Acasandrei

-- This program is free software; you can redistri
-- it under the terms of the GNU General Public Li
-- the Free Software Foundation; either version 2
-- (at your option) any later version.

-- This program is distributed in the hope that it
-- but WITHOUT ANY WARRANTY:; without even the impl

-- MERCHANTABILITY or FITNESS FOR A PARTICULAR PUR

-- GNU General Public License for more details.

-- You should have received a copy of the GNU Gene
-- along with this program; if not, write to the F

-- Foundation, Inc., 59 Temple Place, Suite 330, B

-- Description: Only Byte, Halfword, Word transfer

-- Bug 2. The address phases started witch one clk

-- ownership of the bus. The AMBA bus was not read
-- Solution. Delay with one clock the address ph

-- ownership (critical bug)

-- Bug 3. Reduced offset range that produced wrappi

-- range of address for the offset and no carry ou

-- Solution. Making the offset and bus addre

-- carry can be propagated correct (critical

library ieee ;

use ieee .std _logic_1164 . all ;

library grlib;

use grlib.amba. all ;

use grlib.stdlib. all ; --has the same print function

entity TFG_AHB_MASTERs

generic  (

-- Compatibility with GRLIB
hindex : integer := O;
venid . integer = 1;
devid . integer = 0;
version : integer =0

);

port (
rst_n : in  std_ulogic ;
clk : in std_ulogic ;
ahbi : in ahb_mst_in_type;

ahbo : out ahb_mst_out_type;
--debug ports

transfer_type in std_logic_vector

size . in std_logic_vector (2 downto 0);
start : in std_logic ;

addro : in std_logic_vector (31 downto 0);
dwrite : in std_logic ;

(2 downto 0);
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(9 downto 0)

dataw in std_logic_vector (31 downto 0);
transfer_end : out std logic ;
transfer_active : out std logic ;
datar . out std_logic_vector (31 downto 0);
data_valid : out std logic ;
beat_counter : out std_logic_vector
);
end;

architecture behav of TFG_AHB_MASTERS

constant  hconfig : ahb_config_type = (
0 => ahb_device_reg ( venid, devid, 0, version, 0),
others => zero32);
type ipici is record
transfer_type std_logic_vector (2 downto 0);
size . std_logic_vector (2 downto 0);
start std_logic ;
addro std_logic_vector (31 downto 0);
dwrite std_logic ;
dataw std_logic_vector (31 downto 0);
end record ;
type ipico is record
transfer_end std_logic ;
transfer_active std_logic ;
data_valid std_logic ;
datar std_logic_vector (31 downto 0);
beat_counter std_logic_vector (9 downto 0);
end record ;
type control_type is record
bus_req_detect std_logic ;
data_phase std_logic ;
busreq std_logic ;
start_hready : std_logic ; --bug4
beat_limit : std_logic_vector (9 downto 0);
beat_counter : std_logic_vector (9 downto 0);
off_set std_logic_vector (31 downto 0);
mode std_logic ;
grant std_logic ; --v2: solving bug
end record ;
signal r,rin . control_type;
signal  ctrli lipici;
signal ctrlo sipico;
BEGIN
-—-- Gaisler &a€™two-processa€™ design method

--- http://lwww.gaisler.com/doc/vhdI2proc.pdf

-- Solving bug 3.
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--debug in
ctrli.transfer_t
ctrli.size
ctrli.start
ctrli.addro
ctrli.dwrite
ctrli.dataw
--debug out
transfer_end

transfer_active

datar
data_valid
beat_counter

control_proc :

variable

--variable grant : std_logic; --v2: solving bug

variable hwdata std_logic_vector (31 downto 0);

variable hbusreq std_logic ;

variable hlock std_logic ;

variable hwrite std_logic ;

variable haddr std_logic_vector (31 downto 0);
variable hburst std_logic_vector (2 downto 0);
--variable burst_mask : std_logic_vector(9 downto 0 );
variable hsize std_logic_vector (2 downto 0);
variable htrans std_logic_vector (1 downto 0);
variable transfer_active_v : std_logic ;

variable transfer_end_v, data valid_v : std_logic ;
variable beat_limit : std_logic_vector (9 downto 0);
variable beat_counter_v : std_logic_vector (9 downto 0);
variable off_set, inc_val: std_logic_vector (31 downto 0);
variable data_phase : std_logic ;
begin

-- Default or latched cases

V=

--grant := ahbi.hgrant(hindex); --original

v.grant := ahbi.hgrant(hindex); --v2: solving bug

hwdata ;= ( others => '0Y;

hwrite =04

hbusreq := ctrli.start;

hlock = ctrli.start;

haddr := ( others =>'0");

hburst .= ( others =>'0;

hsize := ( others =>'0");

htrans .= ( others =>'0;

transfer_end_v =0y

off_set := ctrli.addro; --ctrli.addro(31 downto 0); Luismi
inc_val .= ( others =>'0);

ype <= transfer_type;
<= size;
<= start;
<= addro;
<= dwrite;
<= dataw;

<= ctrlo.transfer_end;
<= ctrlo.transfer_active;
<= ctrlo.datar;
<= ctrlo.data_valid;
<= ctrlo.beat_counter;

% . control_type;

process (r,rst_n,ahbi,ctrli, transfer_type)

-- Solving bug 3.
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and ahbi.hready;

beat_counter_v = ( others =>'0");

transfer_active_v := r.data_phase;

data_valid_v := r.data_phase

data_phase = 'O

-- if grant = '0' then --original

if v.grant = '0' then  --v2: solving bug
v.mode =04

end if ;

case ctrli.transfer_type is

when "000" =>
--burst_mask := (others =>'1");
beat_limit := ( others

when "001" =>
--burst_mask := (others =>'1");
beat_limit := ( others

when "010" =>
-- if ctrli.size = "000" then
-- burst_mask := "00"&X"03";
-- elsif ctrli.size = "001" then
-- burst_mask := "00"&X"07";

-- else

-- burst_mask := "00"&X"0OF";
-- end if;
beat_limit := "00" &X'03" ;

when "011" =>
--burst_mask := (others =>'1");
beat_limit := "00" &X'03" ;

when "100" =>
-- if ctrli.size = "000" then
-- burst_mask := "00"&X"07";
-- elsif ctrli.size = "001" then
-- burst_mask := "00"&X"0OF";

-- else

-- burst_mask := "00"&X"1F";
-- end if;
beat_limit := "00" &X'07"

when "101" =>
--burst_mask := (others =>'1");
beat_limit := "00" &X'07"
when "110" =>
-- if ctrli.size = "000" then
-- burst_mask := "00"&X"0OF";
-- elsif ctrli.size = "001" then
-- burst_mask := "00"&X"1F";

-- else

-- burst_mask := "00"&X"2F";
-- end if;
beat_limit := "00" &X'0F" ;

-- Single transfer
=>'0");
-- Incrementing burst of unspecified length
=> 1Y

-- 4-beat wrapping burst
--byte transfer

-- half-word transf er

-- word transfer

-- 4-beat incrementing burst

-- 8-beat wrapping burst
--byte transfer

-- half-word transf er

-- word transfer

-- 8-beat incrementing burst

-- 16-beat wrapping burst
--byte transfer

-- half-word transf er

-- word transfer
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229

230 when "111" => -- 16-beat incrementing burst

231 --burst_mask := (others =>'1");

232 beat_limit := "00" &X'OF" ;

233

234 when others => --when XX, ZZ, ZU, etc..

235 --burst_mask := (others =>'1");

236 beat_limit := ( others => '1");

237 end case ;

238

239

240 s e

241 -- Logic Control

242 s e

243 if ctrli.size(1 downto 0) = "00" then --byte increment

244 inc_val := X "00000001" ;

245 elsif ctrli.size(1 downto 0) = "01" then --half-word increment

246 inc_val := X "00000002" ;

247 else --word increment

248 inc_val := X "00000004"

249 end if ;

250

251

252 --if grant="1" then --v2: solving bug

253 if r.grant="1' then

254 if r.bus_req_detect = '1' then -- address phase

255 if r.start_hready = '1' and ahbi.hready = '1' then --bug 4 solved, bug 5
solved

256 haddr := ctrli.addro;

257 hwrite := ctrli.dwrite;

258 hburst := ctrli.transfer_type;

259 hsize := ctrli.size;

260 htrans =  "10" ;

261 hwdata := ctrli.dataw;

262 data_phase := 'l

263 v.mode = ctrli.dwrite;

264 end if ;

265 elsif r.data_phase='1' then -- data phase

266

267 data_phase := 'l

268 hwdata := ctrli.dataw;

269

270 if ahbi.hready = "1 then

271 beat_counter_v := r.beat_counter + "0000000001" ;

272

273 if r.beat_counter = r.beat_limit then

274 data_phase := '0

275 transfer_end_v = 'l

276 else

277 data_phase := ctrli.start; -- transfer ended by the master

278 transfer_end_v := not ( ctrli.start);

279 end if ;

280

281 if data_phase = '1' then -- check if we are in data phase

282 off_set:= r.off_set + inc_val; -- increment low part of address address

283 end if ;

284
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285

286 else

287 off_set:= r.off_set;

288 beat_counter_v := r.beat_counter;

289 end if ;

290

291

292 if r.busreq ='1' and data_phase='1' then

293 hburst := ctrli.transfer_type;

294 end if ;

295

296 if transfer_type /= "000" and r.busreq ='1' and data_phase='1' then --ifwe
have a burst transfer

297 hwrite := ctrli.dwrite;

298 hsize := ctrli.size;

299 htrans =  "11" ;

300 --haddr(9 downto 0) := off_set and burst_mask; -- Solving bug
3

301 --haddr(31 downto 10) := ctrli.addro(31 downto 10); -- Solving
bug 3.

302 haddr := off_set; -- Luismi --haddr(31 downto 0) :=
off_set; -- Solving bug 3.

303 end if ;

304

305 end if ;

306 end if ;

307

308

309

310 v.busreq := hbusreq;

311 v.beat_limit := beat_limit;

312 v.beat_counter := beat_counter_v;

313 v.off_set = off_set;

314 v.data_phase := data_phase;

315 --v.bus_req_detect := (ctrli.start and (not r.busre q)) or (not grant); -- signals
the address phase --original

316 v.bus_req_detect := (ctrli.start and (not data phase)) or (not r.grant); --
signals the address phase --v2: solving bug

317 v.start_hready := ahbi.hready; -- bug 4 solved

318

319 s e

320 -- Drive process outputs

321 s e

322

323 -- two-process update

324 rin <= v,

325

326

327

328 ahbo.hirq <= ( others => '0Y;

329 ahbo.hconfig <= hconfig;

330 ahbo.hindex <= hindex;

331 ahbo.hprot <= "0011" ;

332 ahbo.hbusreq <= hbusreq;

333 ahbo.hlock <= hlock;

334 ahbo.hwdata <= hwdata & hwdata; -- X"00000000"&hwdata;

335 ahbo.hwrite <= hwrite;
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336 ahbo.haddr <= haddr;

337 ahbo.hburst <= hburst;

338 ahbo.hsize <= hsize;

339 ahbo.htrans <= htrans;

340

341 -- debug port output

342 ctrlo.transfer_active <= transfer_active v,

343 ctrlo.transfer_end <= transfer_end_yv;

344 ctrlo.data_valid <= data_valid_v;

345

346 if data_valid v = '1' and r.mode ='0' then

347 ctrlo.datar <= ahbi.hrdata (31 downto 0);

348 else

349 ctrlo.datar <= ( others =>'0");

350 end if ;

351

352 ctrlo.beat_counter <= beat_counter_v;

353

354 end process ;

355

356

357

358

359 s e
360 -- Registers in system clock domain

361 s e
362 proc_clk : process (CLK)

363 begin

364 if rising_edge (CLK) then

365 r <= rin; -- Contro

366 end if ;

367 end process ;

368 e e
369 . e
370

371 -- pragma translate_off

372 bootmsg : report_version

373 generic map ("TFG_AHB MASTER"&

374 ": Trabajo de Fin de Grado : Hardware AMBA bus IP f or image scaling" );
375 -- pragma translate_on

376

377 END

Page 7



