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An I’C interface circuit with self-calibration and self-control function
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Abstract; A design for achieving the high performance inter-integrated circuit(I*C) interface through hardware
self-detection and self-calibration in open-drain mode is proposed, and a method of I?C interface self-control to
achieve open-drain function is introduced. Based on the traditional I*C interface circuit design, the function of
self-detection of pull-down of the clock bus and self-calibration is added, which enables the hardware to auto-
matically detect the low level of clock bus in the pull-up process and automatically calibrate its high level in
open-drain mode, achieving performance improvement on the basis of improving communication stability.
Taking into account different applications, an open-drain enable control circuit is added in order to improve the
portability of IP, ’C interface can self-control the open-drain function, support the software configuration,
and be flexibly applied to a variety of general-purpose input/output(GPIO) models. The test of the finished
development board circuit shows that when the system clock is 120 MHz, the bit rate in high-speed communi-
cation in open-drain mode is as high as 5. 98 Mbit/s, and the bit rate in ultra-fast communication in push-pull
mode is up to 30. 00 Mbit/s.

Key words: inter-integrated circuit (I?’C) interface circuit; self-calibration; Verilog hardware descrip-

tion language(Verilog HDL) ; open-drain output; self-control

I’C (inter-integrated circuit) 4% & —Fh FEgl L, /Ty e, BLE w12 #h T
PHILIPS 73 & - A& 1 1 2k 2 [] 25 f A7 2 X T 38 SoC(system-on-a-chip) 453K, ?C skl 1 4
5P R Bt il e S LA R A L WL ER AT RO £ (T2C SDA) Fil 1 2% Wi £ 47 B

Y75 B HA:2021-08-13; & @ H #5: 2021-12-07

EETH L T4 ARRFAE LB H (2021-MS-148)

EE R FBAOB(L997—) 2 IL TN S 1L T REEM A 5
XUDEHE(1972—) , B3 I AL FHON i 3 7 R0 A A 0.



o1z AT K 5 AR AR

746 %

Phk (1P C- SCL) 21 B » £ 4 T 52 A s 10 %
% B ZE S B EE U R R B . B
FE TR RO  #E TP C- SCL g 1y FL T Ja S5 %
I"C- SDA £ b (E - 7R A o DR I 7638 15 1 72
W AR E I TPC SCL &y HL - Ji 1 N AR 5
I’C- SDA £k I 5 A4S B8 42 1) v B~
REREGTE PC SCL LMK I A R A
A TC BgifFh, g2 PCHfEk
s LR FHLL A E B

I C 42 1A i BRSOG4 57 1)
TR SEBLT 2 EALN R I RE . I SCRERLAG T
SAER T A AR ) A i LR T R A 2 )
L o T U H B B 1R % CMOS
PTHL S S AT NMOS 4%, 3 HL'E B IF
% RN AN L YR 2 )2 DRI B Ry, R HLRH
Ry f#i ?C_SCL fil PC- SDA 7E Bh 4 %5 N B R 47
e FELP 12 P B i P P kR R ER i LY
HL BB o H BELBR /N b B R . 4% Ak
R, QS Qo BRUE B A SS R
L s 45 ARG R, Q #k . Q Sl f
B AR Sl A LT

1 FrimH Rk

PCHMCPHLE T 5 Bl {5 85X & Mo £
A T £ L3R 1 T

x1 PCHUHAEHNBERXRBRELER

 fE HAF LR/ (Mbit + s71)
PRUERE 0.10
SELEEe 0.40
i+ 1.00
AR 3.40
PR AR 5. 00

5 A 5 AN [ ) PR A AN 52
Fr— A EHLHIZ TR BEFIAE Kk fe b A 8 i i
W ot B 4 "I R AT PR DI RS L

SE AR PR T i 0 AR R HE S 8 O =X
B PC-SCL 5 TPC- SDA fi i & Ho V- 5K L -
F PR 5 0K Sl A ) S B 3B B T (R T U i A
FCIRE 7 A LT PR S Bk 722 5 1% 52 1) o 8 P A
L A e s R R OR E fE B R R e &
N

I C PpisCrb R0 388 15 B B R 2t =077 A
gy TP C 1 v g% M HLRL AR IR 5 D) R 10 3
—J5 T LI R TP C SCL i b S 4R 25 FEAIR
A B LS B A8 R 5 o3 — T A 3 I
Pl 'C- SCL W2 S8 ph s 28 L= B, 5%
Mo 1 53005 85 AN 2 s » X APse T s ok
PRAUEECE (4 R M A5 1 HERES . BRILZ
Hh ARG TP C $2 1 H B 0 3 T I T {3 B 45
il D7 RE FEL B 0T 22 % i S 3T U i R A = S 4
367 S 2 T P A A LR AR S T i A B
(general-purpose input/output, GPIO) £ %l ] 1
RESCHUIF s i BB A2 A L B, HL O LA SR B

ASCHEARGE TP C $: 170 g B R Al | B2 40—
Fofr ARSI ARG I b S HEAT B R T HL I BB
BEAE RGN B 120 MHz (9 B X 4 g il
T {5 07 3 R T 2 5. 98 Mbit/s, i i B
FH A REE H LK 2 7 PC 0 TP YT A5 4H
P 0 b S 0T U i A8 S A e A
L R S R RE GV TR OP RS S W TN EE VA
HILFE 30. 00 Mbit/s,

AN

(a) BHBPMHPALHITC_SCL

a a

(b) BMHLIT BHAEHIPC_SCL

FL A

(c) #MHLIT BB 2C_SCL
B2 R MAEIRE i REER

1 #8 PCEORBIRIT

4 T C BB G A SCHOIN T A &
A A 6 R 31T ) B HE R S B 1) TP
il 4 A e TR C B W B R 2
L3R E 5 5 TC B 1o B TR T 10
e P BB T R 3 28 o



% 5 H M, —F LA ARE, AIER T ey PFCEo B 643
BRI F S R A 5 3 B IS b S B ) 6 [) s 4 Fuu = Sy a/(4Bg) (D

IR R AT, E—E R RGN T
o P R SR AT A s T R AN [ 5 A

Horr: Sy o ARGEI Bl ; B R R AT AR fE
PR PR T R g A ) o R

T {5 3 2R, b o AR X R PR AR X Y A R Froit B AR R .
FoaHEAKXN Fyw = S, a/(3By) (2)
< APB BUS >
| 1201 |
| 12c1 TOP |
U\ﬁ%ﬂﬁ M*flﬂh gy | : ¢ ; y i I
Wt || atHE || B i % % féﬁ j{%g
21 ® || # i | p x| | e
(710 7 | | (3l | | CRC 7 #l &) P
i) #k) || # B 1 1) 17
£ L3 7 T A ' 5t 5
-
v DMAfEH || ﬁf*ﬁ‘i‘t LT
WAL 75 T li%%i'ﬁﬂ:
T \_, MALRAKIS W%‘#ﬁﬂ&i_ﬁ
| AT H9% SFIFO || & %fﬁ@fm R
:b TRRBR BT F;I
BAL A oy i JG
I T Ec
[ 1
IZCLVSDA IZC_'SCL
B3 #FHEPCEOERBRSELEH
1.1 FREXTEKRN. BEERNFHRKIhEE Ae T AE 45 2 = B PR ] o, (B 4 gy, s =
C SR n9iE A5 I Bh f 0™ A F i AL 1+ 2) Z5 A 37 2R B 4 3K 2 AR HL -, R 3t
20 W s b 2 b IR A PAAIL R O A B IR R 2 PR AR 2 m e TS IR Sl AR . i

1 i 3 P o A b A 2 B« A 6 R R
KIGIE BT 218 B il S e s il hrAIG 2R B
Pl SRR B S BB PC-SCL 2y
P
ARSCBAT Y TP C 42 1A S E 3 B, 32
o P P o S R R I S B e W) 26 BT i
PR BTN GBE O T MATLRLAG o o S0 o o) s
e FEL T S S8 S 1 1 s, I LB T B
FEA T ELAE P I AR IPC SCL Ay i 4 i 2%
REfS B ShAI 2] Ffrad A (I S, I A SR
#E IPC SCL B B4R 11 e L
PC R HLE , sl N EHLE 1
O FIIG S DL 1 s 2 [ He R A — A
e fE 5, B s EEE T, B
%EMJ‘JLM&F%EPEME&EE%%%HEBZ/EIJJ
AERT A ) PC SCL B 2k 5 A B 48 Bk )
e A FC SCL A 4 B £k iy X b &5 1 an &)
A N

Ab RSB A b7 7 IR P 1 2

P 4afiB A I R0 i 4l 2 b R ik A b A R
- 4 2, 283 IR A9 41 HL S 1sF ) BB I B
SR HE R LSRR S I ] 2, 7 AN 52 M) 38 5 43 40
AR T TS RE ORI 58 B B BB 400 L W £ T i
FE {5 I A A5 » 038 13 15 18 A =2 B R )
ik R RS R v A ARG O R A1 T BE A ] s 52
BT SR PERE % D REE A T T A A T U 2 g
138 (5

& bupy 1y
) P
1 /_l
£ » !
(a) FL#& ARSI LRk D g
VA
t
h o
Vh _________
nl— /) /

(b) A BRI ARHAED)RE
B4 28 IPC-SCLRMEENLER



o AT K 5 AR AR

746 %

1.2 Frim{EREIEHIEE

45 12 C #2111 L 6 0 I T 1 e 4 il ) B 2K
5t GPIO B B iy il D g 52 3L 76 24K 0 H 3%
A ER R R RS IP B nl A
P A3 158 F AN B GPIO AR RS, AR SCHE H —
Bl T C 2 1 | F5 36 52 B0 U £ A 4% 1 D) R A9 R
% o I AT S B o A A ) 5 T RE I T i e )
AE. IR ER I ZBAE RN 5 iR, 1E IPC
POy Sl A A g g n T PCoSCL § I*C-
SDA i Tt A BB A7 , FLE AR R 1 5E T U
B, 728 1k T e 2 RE U 75 B i TG B T AP . TE
T AT, 2 TPC- SCL 8 IPC- SDA % th
B 5G] PCo SCL 8% IPC- SDA i i i fiff
fiE s A2 R S B s v P B AL, 2 TPC
SCL &, I?C_ SDA %y Hi % B -1, FFJ I°C- SCL
s "C- SDA %t i 58 . B PR IK 3l S2 BLAIK i
O VAR E | o o T = Wl = VAL R 4 /3K
HEEUT , PC SCL 5 IPC- SDA i H &g Hi - 5
I HL 35 Hy PR BR Bl S B

P C 422 110 B 450 S 30 U £ e 425 1) 2 e Pl i
B AT T T2C B 1 R S R T A
fEBE 8 4R GPIO #ERY AT 52 15 1 FH 145
Y.

Jid B I*CI
P il 2 A7

’C_SCL/’C_SDA N
it o

Y
FiR L) ZL/FJIJJ TFHRTh VAR R
eI REJT A il e
l | \ [
B 5 Fim{EREINREIEHIRIZRE
2 HER54H4

ARSCHET BT L JI R HW. 55nm. Em-
bedded NORD Flash Low Power T. 27 ¥ 7%,
K Verilog HDL 23 RTL 2%t 3F % A
Je s R T I SR . AR TPC 4 R4S
AR 4.7 kQ B EhiB L B E TR
3.3 Vo JFAMMLE RN 6,18 7 . [ 6.

Pl 7 FPR AR bR 2R 7R s D A SR A R [RGB, 9 A
P F R A g 000 3 ) v 7 4 3
2 TPC- SCL W4l B ER (T F J7 1l ik il 26 hy
I’C_ SDA $¥i m 2k,

FEIR{E BT 1 R Gem 8 120 MHz &, JF
T B S RS R TP C 1 /Y A R HE D fig iy 5
PR R G AL 325 5. 98 Mbit/s, HLHR AR
FE Y R A 76 %60 (J&] 6), 1PC SCL i 4h Bk
B S I 21] F P b T A R A A A T B AR
VHE B v L 7 I P e D2 o £ P A v e S 1)
FarE M R9F T4 2C SDA 28 | i 84 45 35k
FE e (Ao M SEmh B3 s T PERE. A
AFERUT I R GERT 4R 120 MHz B HEH R
F14) 7R PR 3 A T S B e K A A o
30. 00 Mbit/s, &P HLE HEE Y 6 15 (B D),
I E T C e A b i T I A X R
A7 78 i s T 15 8 42 1 . 18 v S 0 R
V18 T i e B A P A8 A o A (7%
i B e 0 A Z BR T GPIO B [ T RE L
TR 12 C 42 H B S T A a5

L — I’)C_SCL
— I’C_SDA

/M
L/

0 02 04 06 08 10 12 14 16 18 20
t/us

6 FREXATETERENEMLANRKBEEMLESR

VIV
I

B — I’C_SCL

— I’C_SDA
0 02 04 06 08 10 12 14
t/us

VIV

B 7 BREEXTETHEEHHAXANERBEMDER

AT — P EA BRI S b7 A A
FL- A D RE I X s g e P AT Ao L 4



% 5 M ORI, 5 —F AA BALRE . BAEH 2 4y PO w3 645
SEITFIRIIBER PCHE O S, 1G5 PC B tion system capable of avoiding host conflict:

REEN=2 100542 oY) INIS o1 ERVA iR KDY ) Siia oy
FRZHEDREAN A 2 0 T T o A Fh g o LA vy 0y
TRRRRE PEANPERE LA B i RS AL T LA SR 376 3t B A
Ber R B BT . MRS R SR 1% IPC
¢ 101 R SRS g ) 155 {07 T 25 1 308 15 A 1
HEA PCHD R EAALL . BA BN AR
o SR T 5 1) s D) B A 1 I 9 19 4R
R B BA AR RIS

(& % X Wkl

[1] NAOREM A,SHUMA A,LOITONGBAM S S. A review
on bus protocols and conversion/translator between differ-
ent protocols| ] ]. Journal of Information and Optimization
Sciences, 2019,40(8) :1665-1682.

[2] YOST B. Inter-integrated circuit (I?C) bus extender; US
20170168976B2[ P]. 2017-06-15.

[3] LAZARO J,ASTARLOA A,ZULOAGA A,et al. I?CSec:a
secure serial chip-to-chip communication protocol[ ] ]. Jour-
nal of Systems Architecture,2011,57(2):206-213.

[4] LEE T H,CHEN W L. Inter-integrated circuit bus arbitra-

(5]

(6]

7]

(8]

(9]

[10]

US10191883B2[ P]. 2019-01-29.

SHIAU J K,HUNG W S,CHANG C M. Development of a
distributed multi-MCU based flight control system for un-
manned aerial vehicle[ ] ]. Tamkang Journal of Science and
Engineering,2015,18(3) :251-258.

TAILLIET F, HASSANI C A E. Apparatus for inter-inte-
grated circuit (I?C) clock transmission channel wherein
each filtering modules cooperates with the resistive circuit:
US10558609B2[ P]. 2020-02-11.

ZHU J, WU Y F, SUN B, et al. Advanced peripheral bus
based inter-integrated
EP3729285A1[PJ. 2020-10-28.

ABHISHEK N P. PIC32MZ custom I?C master communica-

circuit communication device:

tion API library[ ] ]. Electrical and Electronic Engineering,
2019,9(2) :45-52.
CHAITHANYA A S,SINDHUJA D,BHAVANA D, et al.
Design and interfacing of I2C master with register and LCD
slaves[ J . International Journal of Engineering and Ad-
vanced Technology (IJEAT),2020,9(4) :2355-2360.
FU H L,ZHANG J,LU S J. Method and circuit for wa-
king up I2C device: US20200065116A1[ P]. 2020-02-27.

GUTgiiE 5k 4

(L4258 603 TT)

(& % X W]

(1] TF4r M0, e Bk, 408 i U8 $ ith BB BB B
WHoELT ). ¥k T4, 2020,27(11) : 109-114,

[2] WEISG,XU L P,HEK,et al. Experimental study on man-
ufacturing metal bellows forming by water jet incremental
forming[ ] ]. The International Journal of Advanced Manu-
facturing Technology,2015,81(1/2/3/4):129-133.

(3] Ky i, SHukAE, 4RHS PH . 25, J595 4 8 B B0 45 2 500
W5 EARR R LT ], ¥ 5 BT 2020, 45(8) : 47-52.

(4] A4, =g, BOK AR, B BUE 45 F RT SO X8 N R
R sh i sZ ma [T 1. MG IR B Tolk oK 2% 24 4k, 2018, 50(1)
107-113.

[5] LIUJ,LVZY,LIUY,et al. Deformation behaviors of four-
layered u-shaped metallic bellows in hydroforming[ J]. Chi-
nese Journal of Aeronautics,2020,33:16-17.

[6] JIANG L F,HE Y,LIN Y C,et al. Influence of process pa-
rameters on thinning ratio and fittability of bellows hydro-
forming[ J ]. The International Journal of Advanced Manu-
facturing Technology,2020,107(7/8) :3371-3387.

[7] YANG ] L,WANG G F,ZHAO T,et al. Study on the ex-

periment and simulation of titanium alloy bellows via cur-

(8]

(9]

[10]

[11]

[12]

[13]

[14]

rent-assisted forming technology [ J]. JOM, 2018, 70 (7):
1118-1123.
GAWANDE S H,PAGAR N D. A combined numerical and
experimental investigation on the effect of dynamics charac-
teristics of metal expansion bellows[ J]. Journal of Vibration
Engineering & Technologies,2018,6(5):401-416.
PRSANNA N K J,JOHNS K S,SARATHI J R K., et al.
Effect of design parameters on the static mechanical behav-
iour of metal bellows using design of experiment and finite
element analysis [ ] ]. International Journal on Interactive
Design & Manufacturing,2017,11(3) :535-545.

JAJE, 954 8. ANSYS Workbench £ BRI 43 #7 52 1] 1 it

[M]. Jbat: ARMEA H ik, 2017 13- 14,

TR PRZR. LR B 08 R A Sl 1) WY e B 254 D A 15 1

F[D]. dext. Jeatfe T . 2020.

XA WL S B B SUE YR 2 ma [ 1. b it

1996(1) :53-56.

XN, B 2 2 U B B0 45 19 2800 1P e 52 i iF 52

[D]. MG /R¥E MR IE Tl K2, 2012,

FH P T e M f) VS R R BB R AT 5T (D, %8 2

By 1% 2006,

LA WIHD



