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Figure 1. A FIFO Architecture
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OUNEUTS T GBI AT 255 Ay FIFO AR, IS AAEATF A B
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ARFE AL, AL BA T LU A B U D IMBSIR . A, 4
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library IEEE, STD;

use [EEE.std_logic_1164.all;

use [EEE.std_logic_arith.all;

use [EEE.std_logic_unsigned.all;

entity status is

port (reset : in std_logic;

clk : in std_logic;

fifo_wr : in std_logic;

fifo_rd : in std_logic;

valid_rd : out std_logic;

valid_wr : out std_logic;

rd_ptr : out std_logic_vector(4 downto 0);
wr_ptr : out std_logic_vector(4 downto 0);
empty : out std_logic;

full : out std_logic

);

end status;

architecture status_A of status is

signal rd_ptr_s : std_logic_vector(4 downto 0);
signal wr_ptr_s : std_logic_vector(4 downto 0);
signal valid_rd_s : std_logic;

signal valid_wr_s : std_logic;

begin

empty_P : process(clk, reset)



begin

if (reset = '1') then

empty <="'1%

elsif (clk'event and clk = '1') then

if (fifo_wr = '1" and fifo_rd = '1') then
-- do nothing

null;

elsif (fifo_wr = '1") then

-- write unconditionally clears empty

empty <='0"

elsif (fifo_rd = '1' and (wr_ptr_s = rd_ptr_s + '1')) then
-- set empty

empty <="'1%

end if;

end if;

end process;

full_P : process(clk, reset)

begin

if (reset = '1') then

full <='0";

elsif (clk'event and clk = '1') then

if (fifo_rd = '1' and fifo_wr = '1') then

-- do nothing

null;

elsif (fifo_rd = '1") then

-- read unconditionally clears full

full <='0";

elsif (fifo_wr = '1' and (rd_ptr_s = wr_ptr_s + '1')) then
-- set full

full <='1";

end if;

end if;

end process;

valid_rd_s <="'1' when (empty = '0' and fifo_rd = '1");
valid_wr_s <= "'1" when (full = '0' and fifo_wr = '1');
wr_ptr_s_P : process(clk, reset)

begin

if (reset = '1') then

wr_ptr_s_P <= (others => '0');

elsif (clk'event and clk = '1') then

if (valid_wr_s = '1') then

wr_ptr_s <= wr_ptr_s + '1;

end if;

end if;



end process;

rd_ptr_s_P : process(clk, reset)
begin

if (reset = '1') then

rd_ptr_s_P <= (others =>'0");
elsif (clk'event and clk = '1') then
if (valid_rd_s = '1") then
rd_ptr_s <= rd_ptr_s + '1';

end if;

end if;

end process;

rd_ptr <= rd_ptr_s;

WrI_ptr <= wr_ptr_s;

end status_A;

L A 2 Bl -

valid_rd_s NP :'
rd_ptr_s + 1
e " empty
o ot [ +1 __ fifo_rd —] I:
raptr L 1 (Nc) | fifo_wr —— rd en = valid rd_s
clk 1 clk
RD_CLK DOMAIN
WR_CLK DOMAIN
valid_wr_s i
Y\ wr_ptr_s +1
> L - : empty
N +1 Y fifo_rd —
wr_ptr ==
—| (INC) | ] fifo_wr — wr_en valid_wr_s
clk ! clk ©

Figure 2: Circuit for Status block and pointers of FIFO of Figure 1.
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Figure 1 Dual Stage Synchronization
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http://www.edn.com/archives/1942/062394/13df2.htm

aynchronized
D Q D Q oc;xtpgit
= redundant)
I clk ( clk —
Asynchroncus
input
* D Q D 0
I clk ( clk
L
aynchronized
output
D Q D o] > E; «
]:\-’Iajori‘[y redundant)
L1 Circuit
I clk ( clk

Figure 2 Double and Triple redundant 2-stage synchronization
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Figure 3 Generalized Gray counter architecture
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(RFE [ (Hold Time) : fERAAERHREE 205 AL

o TERSJERT PRI AE. SRR L DAL
o SBHHC TR AEIR S, b ok AL
- M{T Clock-to-Qi(a]
- 4RI X Clock-to-QRf (k]

[8] SEBrH, MTBF 5Bt A 08, 55— I8k IMHz B RZEH MTBF 2 10 48, i #1482 10 MHz
I, H MTBF A RgAsh 1 #bep.,

[4] e/ NERE TS B EE 2 e SO AR ANIS 0 2 8] H 5 o 2% AN 4L i 101010 15 110011, M ZEFIAT,
HSMIHEE, 24, B34, H64, Frlueih 3 o ke XU I SRR B . H DA
SRR — AR, PRk T R R EE S 1.

[5] JE3Ck Pessimistic Reporting, e A AW AR, HLEA LN ESKE, MEEERIBHNE
BRTOARZ, AN, MiZ—MH FRRE, RS, 73—k FIFO , #Aik FIFO
HEE, BUEE R ORI

BT, LR P O R I S, WO K KLV AR I !

Atrms Lo
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TEA R A SCE AR — 8 70 AT T T FIFOI) — &ty JE40#r 1 i)
FIFOI)— ARG T o 35 3 o0 i T RU b BV ) —BIT RE A 45 A4 o 70565 =
I B PRER T — B B A B RS K IRDOBUR B PFIFO o IX & F R B S ——HUt 5
— RS .

1 THEIRIE

RRBATO LMD T FIREE B s AN R N s K BT v 5, s 2 A7 — 3
IS AT T 4N G540 5 DAE IR BT A A AR, P — 18 DRl E I 5 RS 3
AR S U PIRFS

URISICAFSEHT I SCE, SOh S BB AR AR SR B LR e 4 k2
AT, MR SR S E T IR ISR AERD FIFO [0 — M7
o SKARE S A, R PRI 5 NIRRT O RS R R, XA 5%
PRS- HEE b o FATTIUAERE PR TN Bt v (K158 Bl

1.1 F[A¥r& (Direction flags)

TEIXFP LR, FATTFREH U AR AR S « FATIFRIL A “ Direction flags (77
bR )7 IXAMhRE S URIRAS BB FIFO “4uT#] M (headed)”. ‘&R 1 5 154F
SRR FIFO SR (1) 77 1n) 5 B AE 51 B2 () FIFO SHBORER 3 1K) J7 1) 2k FIFO
TS

AL, Rl GBS EAE) 20 LR B AT 1R U7 10 b5 & 5 A (copies)
I BYERFAEORSOIRAS o BRI T 538 E— I A 3 B ST AR R 4E 3 IR 57
Peo AL, WEHRME—Tr T ie G 2 'S SRR IR I SR A — i o 4ERE 7
bR, R DAARYE B3R (1) S AR R U5 L RSE RTINS B g k), IR TA
FIFO A e et s, HIXFEMUE L FIFO ST Bhas i /N A AR 1 .

FIFO /bR G I L T IX L Ty 1 hn s, HOAELZ AN R FIFO (15 18] 4 [h)
AR 7 1H), Jf BASEFESE, ) FIFO ZLIE M. W3 FIFO i Bk i as
(07718, JF HAREFAHSE, W) FIFO BiSE A7 .

1.2 77 M55 I SEER

HIRZ AR LI TT M br i — AL E Y FIFO ik Sl 5
ANiE ERE, il h FIFO “going towards full G [3i) 7, 2477 P 5AR T-Hi e
FERAE, #iiAA FIFO “going towards empty Gl 25) 7,

— 3P E A IR “going towards full” [¥)7JFR 4 FIFO 2851 75%, “going
towards empty” [#17JBE K FIFO &1 25%. &4 NIEFEPIATTIRER A FIFO 2%
1 50%. HATIEFR: 80% A1 20%[1. [TRRAIER: vl th A Cokvoe, ERPE R
TERE BT TP ot m] UM Bl R T B 5 17 BRABL A OC S oK A e LU A b s 2k
AT REPE BN, (HIRA TR IR R ik I RS RS . AR ERR
55N PR 22 1) i I w5 2 i i 1) e BB PR 5 FR 22 ) 1 22 91 H.“ going full”
TRRER KR T “going empty” TTFR ).

BAIARWIERE FIFO 25 (1) 75%M1 25%1F A 1R IXFEM LA 2L, KA IR
WU LR R B IR S A St RE P 2 O T TR o 35 FH o —S8MH, R AIAN LA

REFI T AL, XA ] BERZMRAR T I R I L . AR CART—HE, SHAEM



— 7 W] UG RIS HRE I — AN RP iR 5, WANREN AR B ARG, Reks
T TR A4 —HERIFEE IS FIFO g 2080 . Wik FIFO vt %kt
= KT “going full” TR, St E A 7 bR . 24 FIFO A %k /T “going empty”
TR, RIE R IT AR &

A, SRERER B OSSR SR — R SRR Sie4%.
7E 58 RS B A 21— HERIS e 4 5, THE FIFO R IR 40 an 32450/ T“going
empty” [TRR, SUEALTT bR (LT bR & ) K FR 19 (the opposite sense) 17E4
GEAE 707 AR, RGN, KT “going full” 1B IS ST BR 77 AR
4=

OAE, kPR 7T5% 1 25%1E K T TRIY, IRV T U R BT AR A .
SUHHRE M S AL T

1.3 ZERTTHE

EBHAE—T7, WERIREAASEIE Ho7 mbn & &AL, W) FIFO Hrwibs & EAT,
FIEE, ERRERE—Jy, WDy b & HIREM IS, FIFO 7S bra& EAT .
VER, IX RS FRAIANHERS 25 i br & R s B AL R ] Ge k. VB Wkt kAN & H,
{EX}F FIFO S& MM & AF . IRIBVFSAE FIFO 54 nl e R I B3 X 25 We . SR 1M
WRARIE—25 08T, BRI W7 e —ANSEE— Rk, «2”
U AN — 7 RPN LR o R FIFO (R385 3 /E P2 1% Blocks [AJH ¥
NI AT L ) ——"& HE R 2 a5 5 . 24 FIFO B RE FHRE L
P B AN BE TR AL B 22 (8 i FIFO A R S A fE B 1. A7-4i 43 Hr LART Bt
PHEER, EUE X R AT REYEANHERR A T e g5 i

A T T ARG GRECS) TS GER AT IFRE Okl
T 2D 9 FLEE o —HERD:

word_count =wr_ptr-rd_ptr+1 if wr_ptr > rd_ptr
fifo_size - (rd_ptr - wr_ptr) + 1 if rd_ptr > wr_ptr
direction_flagwr = 1 if word_count > going_full_threshold
0 if word count < going_empty_threshold
direction_flagrd = 1 if word_count < going_empty_threshold
0 if word_count > going_full_threshold

W 1 Prosch 75%F0 25%0 TR IHES1] . fEIXAMEEI Bl A K
AT R AR B AL, I HARTTZIN 1 5 3 EUS i . 75 %niE
SRR IR .

SEACAE, fF S EAE AR L TR AR ] s ] DARR 4 155 iR
WL BRAE LA AL P RE

2 45

XSS EAE R FIFO 1500 T H M ar i h i — M A8 e . X PRI FIFO
JEXA R I — 5l —— “going full” F1 “going empty” #1772 73 45 T
(fifo_size-1) F1 1,

X &b b R B L SE T T B B 10 e D 5 WA B AL A0 2 R 718
G SRS, X PSSR ] RE A AR A0 T I TR Bk A 0 N-bit 4% H7 i 5%




ek ZREHIRSA BT ), AR N+L A7 (AESERTIM AR b F KD A% E A ol
LA XL B AR BB GK I TN+ 1 AT RS T
BUXB SR AE T T o AW AL, ENTHEGE HAER AR US4t , Rtk

P 5 TR T R K 4

(GRAY)
wr_ptr
[M-1:0]

(GRLY)
rd ptr

[N-1:0]

direction flag

lv;

direction flag

Figure 1 Status block for second dual clock FIFO architecture.

< The end>

[1] BiZ: & — B F KT Trivial case, 7 24 BJ1F N “4F 07 trivial case 1§ H 1 %
SRWES, —HIFENE, EREAER A ELLE, MEE L

FZANAN

[2] F B XEFHIT the most significant bit. 5 Fk MSB, 5 1.SB 3t i, &N &
L. RAVEAER, FEFI BT HEE ABIFT, HH-
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