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Abstract This paper proposes a novel interface used in multi-processor system-on-chip and network-
on-chip. The interface, which is implemented by the circular FIFO with threshold gate, removes the
synchronous clock from sender. It resolves the problems of high power consumption induced by clock
signal and low reusability of IP cores. With the transmission mode combining both serial and parallel
communication, data of different widths can be transferred from synchronous sender to asynchronous
receiver rapidly. Since the distributed framework is utilized, the data transport channel is separated
from the transfer control block, as the synchronizer and write/read pointer. In this way, the different
reliability of the interface can be satisfied by the interface during changing the number of synchronizer
stages. And various asynchronous transport protocols are supported gracefully by the interface. While
the two-rail encoding transfer manner is selected, the transmission is quasi-delay insensitive and the
data integrity is ensured. Based on SMIC 0. 18 ym CMOS technology, simulation results of 3 stages
FIFO have shown that the delay is 613ps with the average energy consumption of 3. 05p] for one
transfer request responded, which can satisfy the requirements of high speed, low power, strong

robustness and good reusability in the design of multiprocessor SoC and network-on-chip.
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Fig. 2 The transfer track of write pointer and read pointer.

E 2 FIFO #2555 n B R

Data Binary to | dt
req_ put two-Rail ar
S‘ .5‘ E‘ S‘ E S
FIFO_ full s R e 5 %
clk " REG " REG 7 REG
—rack . L Hrack o Hrack
L . 88 initial o 58 initial ““xs
initial —» SIS el g 21 rsi %S 5
S I ¥ SI N S8R
{
| [
gé,i‘, ent- $§<§ en| $§<5 ent
S [ S [y S [
ptwrin § = rreq— pt wrin § = rreqi— ptwrin § = rreq—
d i CELLO rack J d i CELL1 rack— d i CELL2 rack
pt_ra_in pt_wr_out | pi_rd_in pt_wr_out | pt_rd_in pt_wr_out
initial 33 5 s 5%
rs_initial ™} %% pt_rd_out initial rs_initial ™} %% pt_rd_out lﬂnllrs_initialb‘} c0 pt_rd_out
S next ack S next ack S  next_ack—
23 _I 23 23
[
+—CE€
ack_get
|
]
req_get
data_ack
>—0
dt
< ( (
\
ar T —
- N
Fig. 3 Synchronous to asynchronous interface of 3 stages FIFO.

Al 3

=4 FIFO s8R R A4 0



672

HENMR S KR 2012, 49(3)

2 FIFO B o) &

4 R FIFO () Boo 20 s BL 8 FIFO 2%, 7E %
T PR 53 S A Y 42 S B R B 4 A7 e e B T K
O3 o o8 56 T HHE A% i 04 1B T R R O B A
% 1 AR S RE WS AL L PR E T T i E FIFO fR R 454

R et . v A i A S B S0 Ay R ik A AR B
25 R TR B R TR B 3 R4, 3K i T e el
Gyt U FIFO 19 32/ 5 5 5145 3 1 [ 25 1k
523 [ AR oy B8 AR AR i 1 FIFO B af 58 4
L R e G A C P S U D P R e &
FIFO 2% i) A~ 8Osk B8 15 ) 2R, R 23 52 i 21 42 1
FIFO H1R R 454 427 T FIFO By nl B2 A k.

= 5 s
= 3 s s
S Y& iy =) UQU
S B T |
N
pt_wr_in pt_wr_out
e S —_—
initial put_interface
[ S
S
H I
en
initial f e controller >
REG
2]
~
. rreq| 8
ptrd_in get_interface ptrdout |5 |%s
] — < S
o et
s initial SRS
I 3
°°‘ °°| next_ack
N 3
IS S

Fig. 4 A stage of FIFO.
4 FIFO B—"1 4

2.1 FIFO % %= 5 iy BB B LI

FIFO % 3% 2 il 3 17 57 5 48 51 009 1% 136 , 45 i 4K
PE5 AL E . E 5. h D il & 8 R AR
BRTTAL . D fith 2 25 77 6% 2RI h S5 8 41, 8] 25 % 6] 45
Wi G55, Yateh DA RIR, pt_wr_in N,
A req_put {5 5 W R E K%k Data £ %0, FIFO 4%
BHwr G5 NE . Rl en 55, RATFARLK REG 1£
it B - 58 i FIFO B 324 AE. 2 F — AN I B0 v 210k
W B AL BN — 2, ARG RE (S 5 B i, T —
AT EERAE. B 5t SYN KR4, & W 44k i
e B 1] 5 s AR A 2 HE )L SYN ] AR 33 BT 7 14 S
g 1 A B[] (MU T B 346 8 A 385 114 4 J 300 s 2 &) 39 [
AR TS D ik g 4 R TR PR 4 0 TR 4B
. W, FIFO M 2080 N e D A0 2+ Noge =
Koot 1, K 225 28 1 908 SYN BB 015 5 4L
I A 500 388 [ ) rack {55 M pt _wr _out {55 41 B wr

_en {55 swr_en JJ i W2 k2% 3 0] 7] FIFO 544
W TS —A FIFO 9058 s 5 B . 5 — 2o
AT S A $E T 0 FIFO /Y TR 80 %.
6 Sk FIFO % 3% 45 il ity 1) P B 7w = AL

3 $
JE S
S . 2
S initial
———<
. pt_wr_out
prwr_ DFF
el 4
S ot SYN [ clk
DFPTl ;1h2 >
reset
+
= N
g 1 ES rack

Fig. 5 Send controller.
K5 Rk



% BRAR iR U I T G W] D R A b O R i 673
clk LW
en_ put J R 0 _;‘%
MUTEX U
pt wr_in M Q bar [—=
i re E \:l ) initial
pt_wr_out
wr Fig. 7 Full-empty control block.
Sull : 7 AR
wr_en >1

Fig. 6
E 6 FIFO % % 89 0 s =

Timing of send controller.

2.2 FIFO == fl R

s FIFO {23 il 3 il 2 38 3 25 /3 48 1 K il
FIFO &3 5086 0 R 28 J5 X 23 [ 38 51 54T 3 A5
t FIFO By 28 (iR A, A 300 FIFO 19 255 3R
AR 23 A B R DU A s 0 AR IR S R A
P TR 4 Y A 326 4 T ABE R R WA o A e 11
wr Fl re {55 fih % FIFO 9% (1) 25 3 15 1 A5 B Sk 1
JESFEAR T FIFO By Bcit B2%F2. anidl 7. v 00 th 1k
J& s K3 v H B wr {55 8 il MUTEX
) S A em 55 8 A B, R 5L
W 1 AR . R S 2D i 5 L BRAE L re (RS T A
I B A A BB Y S R R L MUTEX #54k
() R % A 3t ks full {55 858 8w R, &ad
SYN #idk [l J5 i th wr_en 5%, #AR ALK FIFO
has s ALK S ABUE. B8 SRy As [ 4 il A B i
PR AL

ini_bar

clk

en_put

wr

T h
h

em

re

Sfull

Fig. 8 Timing of full-empty control block.
P8 s 4 A e iy i e s I

2.3 FIFO # ¥ Sl iy BB B SC

$:0 FIFO [y 42 I 45 dil B He 2 il FIFO b i %
P th s PR TTPR T o B0 A o0 21 A 38 4 11 41 AL
ULIEL 9. i 8 B 3k B U B B, req_get 55
i H o pt_rd _in R rreq {55 Wil & . REG
BEHC R A B2 0 o 1 215 5 TR AR R AT
VE. BB S L R rack {55, 45 S0 42 50 s ) A6
BBl © A% 2 528 2. 24 2 /39 15 R B 2k i i
em 55 REG #i & Y rack {55 # H 8w, 1]
BRI th3 JFRS . pr_rd _out k725 3 55 0 - ¥ 152 45 4
& it W Ay ack_get {55 FIFO 24 5¢ )il — 1> 32/

< next_ack

req_get — th3 >

pt_rd_out

ini_bar
(th2 ack_ get

th2 /k rreq
—

em c— :\IC
rack = I 1+
re
+
+
ini_bar
o I~ _
initial 1>
t rd in
B next_ack
NS
L~ !

Fig. 9 Receive controller.

B9 R fiods il e bk



674 RIS &R 2012, 49(3)
5. IR LR A S 2 2 WS o » 58 BB o A [R) 25 55 e 3] S5

2.4 HIEEWIER

B 1 i 30 e P DU 5 4 3 R R A A
REG 4 i, 5638 18 = ol 41 6 32 8 58 mUEOHE 1) D iS5
e o EHE IF A 52D v 0 BN AL B P PR A R
FR B0 BI 26 A A7 A ASE B L SRR A A . AR S L Ltk
il 3 U R 9] B 1T AU AE e TG G B4 A% i s
PIRISCE f L e B ] 10, B Bl A% 324 3 REG B
R it R PR /S A R AR o L TR LR 10
MR 3% Ui 5 RHE B R R R B wr {55 T
f# en Bh 25 O B0 BB AE . SE LT FIFO 5
PEAE. IR wr FEE A em FHEem 55 1 AN
TR ik 2 T rreq {55 srreq {5577 )8 REG ik

R L . REG 58 nUEUE 19 1% R 4 36 8 A A5
5 rack BN ) i  UE SR B

I——c initial

clk

Data D Q0 =
% —
clk
D 0 = df
0
en_put

Fig. 10 Binary to two-rail.

TR 2 AT L B B s B, B A R 2D SR B0 — kR e 5 A U H

i_t{

| latch L | latch ﬁ%t@% dt_out
df

- ’_latch_4 | |latch 62\ % - df out

th2
T ack
50 ) E

Fig. 11 data storage block of two-rail protocol.

& 11

3 (FEESRMSWH
3.1 ETEERTEONMEESFT
J£T SMIC 0. 18 pm #5:7f CMOS T.2; Spice it
BOEBREBRERN 1.8 VIEMN T, M H Cadence
Spectre XA SCAF T A3 OV UEAT T 4 BB IE.

5T A5G R S A R AL iR T RE. LA A
D filh % #% by 4 A IR 28 28 3 11 3 2% FIFO 7E W 5
3% it AR A B U AR A3 0 S Ay 0 R R
F 08 R G BH SE 3 RS BT 1925 R A AL %
15 B B WL 12 8] 13 FIE 14, & b Ak bR 2 s
A ESHE R EIE N 0.1~1.9 V, AR CH 5
HAGSRETR 1.8 VARE R 0 V; 1 Ak br KR
{5 ELE ] f5 B EHE R 100 ns. pr_wrl, pr_wr2 5
pt_wr3 Fon 5 85 WA BIG KGR i FIFO 3 4~4%

KU TP IR A B e

F X6 0L B A5 5 A5 i I L AR pt_rd 1, pt_rd2 H
pt_rd3 TR AR E WAL B KRYGE i FIFO 3 A4~ %%
T X o7 A 5 AR AR B T8 4% 3 20 WF— 2 A i 1
Feon A5 5l R0 TH g, ) S mT M AT R S AR, T
“hg FP T I L E OTRY A  a E E T AE A R A XIG
1 TR) 25 i ity R 5. /R B2 M A B 5 S 2B B ik
BB UNE I S U & S N E R ST
AT o HE BTG G 1) 5 25 vt st 2 45 1k S UM S ik
ARG, FERBEE SN N
TAERBLFN FIFO (TR B A7 G, 28 S 040 i 4
FFIFO VR BEAHIE A& 32500 B AN R 02 L &t i 4K
R4 e B WG FIFO, f— — % . “FH %" 2
“HCB N AR SR L L FIFO 76 3 B 45 1 5 5088, 5
& A% S A5 B L AF A R M B2, B FIFO ANl
B g5 WIT ML FIFO A i3 A B, 76 )5 i Fh
LT . FIFO 1] fg 8% 203 . &l 13,14, FIFOfull 3



% RRAE Pl A I TC G IR S AP e e e 1 H 675

TR o Aol K S B N A 11 R K . B E FIFO X LU DN 7 2 i S I, G B R A A A ok 4 4
A 23 ) Kk v EHT O IR ik Bdls . NI 12,13 HPERESE AR, FIFO 1% iy SAE Ik & 3% 3 & 5
14 B3/ G A5 1AL 1 5 B0 T A M e ik v S Rl BIAR e 1A% ROHE T RE B A R AR SR 2 A4 D
Ui A9 A AT BE A TR B0 A R 22 SR L R SO Bt i R EHIE N 2 R RDE SR S BT L3R 12 FIFO
FIFO R0l LA K4z e, S BB IR AP i 1) 5 20 O 3 900 6 R i (5 45 2R . 3 2 FIFO Y B SE I

i ) A 5 % i 613 ps, e KAt 1. 22 GHz, A8 4 ns 1
Transient Response
< /FIFOfull
1.90
_O.IH 1 1 1 1 al
Lgo /pt_rd2
_'O.IF L D 1 ﬂ 1 m 1 nﬂ 2
o1 /pt wr2
A AUV o FSUUUN o NUUURN o SUUURS o SO0
o /pt rdl
> I SO DN A B A ! 8
Z 5
E) Lgo ~° /pt_wrl
g L9f 0K v ST s DU o DR s OO o
/pt_rd0
IO nl 8! In! ik 0.
190 /pt_wr0
Lo WO v DU wes SUUU s OO O
1.90 (1, /
S L0000 00000000
0. 00 20.0 40.0 60. 0 80.0 100
Time/ns

Fig. 12 Segment of simulation wave in the condition “slow-to-fast”.

P12 BN O B A5 B E

Transient Response

/ FIFOfull

190 "
_O.IH. 1 m 1

s /pt rd2

1 .
tRr " Y LGNNI R WU L OO
|

T/ pt_wr2

1.90
o1k

L

M [

.90

—O.IF 1 I_l ! ﬁ ) L m

Voltage /V

Lo e Ol

[
1.90
o1l L3 A ST A B Lo
St SUOUINN v SO o L

[N /Clk

1. 90

-0.1
0.00 20.0 40.0 60.0 80.0 100

Time/ns

Fig. 13 Segment of simulation wave in the condition “fast-to-slow”.

13 “PRBNE 00T B0 B IR



676

HENMR S KR 2012, 49(3)

Transient Response

: /FIFOfull

gt 1

/pt rd2

‘OIF !

/ pt_wr2

—OIF 1

190 °° /pt_rd1l
_O‘IF 1 .l 1

Voltage/V

Loo 7" / pt_wrl
o1k .

/pt_rd0
L . Al'

1.90 2
“or k

/pt_wr0

1.90 = -

—O.IF

L .

Y .

0 /Clk

1.90
o L OAOA00 000000000

0.00 20.0 40.0

60. 0
Time/ns

80.0 100

Fig. 14 Segment of simulation wave in the condition “blocking”.

[ 14

BAETFER 1. 52 mW . 4 58 1 — A~ 4 i 175 2R T i #Y
TIAEH 3. 05 pl/req. i 1 ol LI I, 78 FIFO HE
SRS DL 5 nf SO B iR B4 Ak e BRI AR

“BELZE 7 BT HY R84 LR

T S B4 S I R AR RE S A — Ul L FIFO f9 4y
I i 22 2. T AR 3 T R GE i FIFO (9 2%
i SYN Y BOR S w5 4 111 A 4% i f RIASSE 1

Table 1 Performance of FIFO with Different Depth
F 1 AERER FIFO K&k
FIFO Stages Latency/ps Critical Path/ps Throughput/GHz Power Dissipaton/mW
3 613 max (820,548 fender) 1.22 1.52
6 613 max (820,548 fender) 2.07 3.58

£ 2 It 3 9 FIFO # iy [ S e #: 0 5
HABE T 7 v S B Y TR) S 25 A5 4 10 L 78 BRI

RN A i 22 A AT 4 A S5 05 T AY LA
T AT B B L2 A S AR SO TR,
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