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Abstract

A 3-GSymbol/s/lane transceiver, which supports the mobile industry processor interface (MIPI) C-physical layer
(PHY) specification version 1.1, is proposed. It performs channel mismatch correction to improve the signal integrity that
is deteriorated by using three-level signals over three channels. The proposed channel mismatch correction is performed
by detecting channel mismatches in the receiver and adjusting the delay times of the transmission data in the transmitter
according to the detection result. The channel mismatch detection in the receiver is performed by comparing the phases
of the received signals with respect to the pre-determined data pattern transmitted from the transmitter. The proposed
MIPI C-PHY receiver is designed using a 65 nm complementary metal-oxide-semiconductor (CMOS) process with 1.2 V
supply voltage. The area and power consumption of each transceiver lane are 0.136 mm® and 17.4 mW/GSymbol/s,
respectively. The proposed channel mismatch correction reduces the time jitter of 886 ps caused by the channel
mismatch to 34.9 ps.

2 o

B =R 2uld Al Z2 A4 21 3 o] ~(MIPI : mobile industry processor interface)2] C-PHY A% ¥4 1.1& X
Y= 3-GSymbol/s/lane 554217171 AQFR T Algket F44171= 3 7 AdellA] 3 7)) el 21 59] AL-go2 A3 AstE Al

o BEAS RS s A FAY s s At Ad BT B FAT6A Ad BARS sk, A
= Aol whel FA71o4 dE vlolE o] A ARbE 2AF e FRE A7 Ad 2UA] HES FAV|EREH

=

A5E g vlolE el viste] sAld Awo] 9 Hludess FEnh AljkE MIPI C-PHY $+417]= 1.2V
T A9ke] 66 nm CMOS A4S A8t A=A 2F F217] #le] WA d¥ans 2447t 0136 mm'sh 174
mW/GSymbol/solth. Atel Ad FAF wAe Ad FAFeR Q17 836 psel AlRF AHE 349 ps2 E<9Ith

Key words : MIPI C-PHY, transceiver, channel mismatch correction, transmitter, receiver, phase detector

% Department of Electronic Engineering, Graduate School, Kumoh National Institute of Technology, Korea,

* Corresponding author

Emalil : ycjang@kumoh.ac.kr, Tel. : +82-54-478-7434

% Acknowledgment

* This research was supported by the HRD Program for Intelligent Semiconductor Industry (NO001883) through the MOTIE
and the Priority Research Centers Program (2018R1A6A1A03024003) through the NRF funded by the Ministry of Education.

* Authors are thankful to IDEC for supporting EDA softwares.

Manuscript received Dec. 9, 2019; revised Dec. 25, 2019; accepted Dec. 26, 2019.

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—-Commercial License

(http://creativecommons.org/licenses/by—nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction

in any medium, provided the original work is properly cited.

(1257)



A 3-GSymbol/s/lane MIPI C-PHY Transceiver with Channel Mismatch Correction Circuit 143

. =
7@4 AE Aol JE50] ME S wde)
o}, oleld vl%e] wde wulel ZwAA el
R

7le TS A EHHo R %‘Xd@}
Hol 25 93 o] &

olE] #H] o] 2~(MIPI : mobhile industry processor interface)
C-physical layer(PHY)= D-PHY S €238 A& =
o dHo g 3 AEY 29283 HIEY HolHE AL
dow AF dAFE ST EBE, FA7]
A F5 AEE dolgd gAste] dEsta FAl
7l A dHlolHEREH Z5& HAdFoR 25 A
TS 9% FrEH Aol AREHA FEv2]3]
gy 71 AE AEe Asd del MIPI
C-PHY = 3 79 AEE& ol &3t 2ss dFst
=, olwf 378 AE Aolo RFAHFOE Qe A
o wiAel ostd & v 2¥ 1(a)2 MIPI
C-PHY 41z A& 7Id=clth 3 7] Aol =2
2255 HAastelr] AaiA Ad Ateolo] HA
ditdow =Aef Fr)e 2~3u Aol 34
gt sjoF grH4]. ol& s F4 HH 7 H
pinttA & 1#d w 19 1(a)@ 2ol printed
circuit board (PCB)¢] E=4Ao] Aztd 4 <t} o]
A Ad A9 C= Fx2Ho2 o] & F UA
ohoAld BE Ald A9k C B Alde] Aol &
obd 4 Q. ol 2 s A A, Cef AE BY
& Ak Apolzh AW o] = 441 Ho]E & A
B AYHE vEbdt 53], 1% 1(b)el vERA 6t
o o] A A, Co Al=7t Ad BAlE div] A
Aol wep FA7AA BdEE E59 7 AL
o] Hl&o] B0%E FAHA Xsle] F59] AIgH
A HE f9eH, double data rate (DDR)E A&
&= MIPI C-PHYellA ¢ Hol§ 4lel At v}

¢

KeX
=

KeX
=

al
o

2

f

Ag Zol A ALk

B R AW gold mE AL nYstel
Nsel nEQe FAAIL AW dololA A
St a7 2d 5 e A PAY A A2
S AQtstt} o] & fld MIPI C-PHY < F217]4]
dst Ade RARE A2 F b 947
2719 o] Aol weh AlojHE F417]] 7@

MIPI & g
C-PHY TX
TX C

Ei_g MIPI
RX G CPHY RX

(@
RX_C /’” > l’
RX_A .
Input of receiver Recovered clock
(b)
Fig. 1. (@) Conceptual diagram for signal transmission of

MIPI C-PHY (b) signal delay of channel A and C
due to channel length mismatch

a2l 1, (a) MIPI C-PHY?S| Az M& JHEE (o) zige| Zo|
2Hgtoz olst zd AQP Col A5 XA,

= dolE 4 AAZ=E AT

II. 4 Zolof wtE Fdst

rot

FEA 32

2
o

fjo

A FAFY BA 2= AAd B Ad A, Co
Ad do] zol2 MAsE Ad FAT AAS B2
Aote] Ad A, B, Co] dolof] mE 259 X0
AT st oM A9 A C= PCBY oA
Z8 A7t A BE Ad A, C

of thal A Zolel whal F-Age] AT 5 3

x% o] A 7;“.2_

A, Ad FARe HES 8 $A76dA
Ad FARE AET F A= Azl dolE Ad
S AFsth FATAAE FAV|2EE dEd
Al dolgy e giste] F21E Alse] 94
S augozy Ad EUA HAES TP o]
T Ad FAT 2L FATldA Y Ad R4
AZ Ao et 2714 AE deolge] A
AZHE 2AToZH FPET. 1Y 2= ME A
Ad B 1A 3R] EEEolrt Fal7|olA
Ad FARS HAEs7] 9 v Azl doly
e FA7E At FA7 s e A
7 dolE FHElS S3 vrEojA= delH BC,
CA<9] 9179 #o]lE HA&3ste] CALRES IS5 &
3 A7 s thAl S271E AES S 7] A4
+ CAL_RES Aoz AFHAZ 944 Zole] 4

W e e Ad R wA 3 R2A zHLU
FEE gRlsta AlF A o] Bagh Ade] A%

(1258)



144 j.inst.Korean.electr.electron.eng.Vol.23,No.4,1257 ~1264,December 2019

ANz, Ade] dol7t Fgd wrtA] A<
AC_D[2:0]1%} B_D[2:0]c] Ae}x o=z Aojd
CAIRKEE A BA A RS 98] AE Y
CAL_RESE 98 ¥ BA nExnk ALgy 7|

A3} FHatel ALg .

i

2o 2|t

M
2
iu
i

g

e ﬁ
Channel A AB

_,&> Delay fine b RX C
AIBIC CA|
B_D[2:0]4 4 AC_D[2:0]

Channel
Control logic for : : mismatch
——»|channel mismatch .
CLOCK correction | | detection
T | | CAL_RES |

Fig. 2. Block diagram for channel mismatch correction circuit.
a8 2 M R B 32 25

a9 32 77 Al R4 HE IE EE
Eo} glolyxeln, Ad A HE S22 AlE
A5 wE57] 93 D-2HZF3 BC, CA9 $14
g HES T e AN HEVE AR A
g BAe AF 3| 2o vy AR deoly ¥
S o] &3to] WE A= BCe CAZF FwEt) A
g BAE HAgS AZeld BYE F508 4%
T 12BET FHE S0 FAVIVF BAS A
g 4 Qe E AIZ HAE d A A2 " AUt
HAlE & GRS} 128F-F FES A A
2t B~= CAL_RES 918 53 2712 A$H
1 _/io\_/d ]‘_‘:. Ezg i=R=N=4 ;5_]?:}6}5}. /\]xL :Hv/: 1:11—
A Ad FAS HE dRAdAME 4" BC,
CA2l §74 AolE AU 9 AEVIE B3l 3

Mtk A A, C7F A BRo Alde] delrt 2
o] N7t AAFAUGH 9 BAE7)e
high7h 531 A2 B7F A2 A, Crd #d
7} Aol Azt A9 lows #S &3
a7 4 FA7C AESE Ad BT R
3|29l BE2xg oW Eo|th Ad RAF BHA
:ﬂih Fa71e) 25L BFEr) 9 sEF
F719 A 2=E FHZ 5 9
WH Adat 2719 A dee A
9, dA Ad =27] A
XOR Alolg, 18la %7] Ade] A o
=

de] A9 RES ARt
I~

lo
HHN'
1B
rlo

#vh. CAL_RES A& E3 A4 & Al
Hul $a7]0) 229 gRFE Agu gEF 2

64Dl 128DIV
CLOCK 1/64 1/128
CA CAL_RES
— Phase PD_OUT
BC_, detector
@
Start
ulse
64DIV
128DIV
PD_OUT /
CAL_RES | Y
(b)

Fig. 3. Channel mismatch detection circuit
(@) block diagram (b) timing diagram.

O 3 e FYE HE 32 (@ 2L (b) EfO[YE.
8DIV
e 16DIV
CLOCK 1/16 counter | 3 AC_D[2:0]
LOCK L | | | L ]
vbb FLAG __,| - C B_D[2:0]
DFF
i _l DFF

CAL_END

CAL_RES ‘,D_
/ DFF

DFF
1 ] D
)
Detector first CAL END
result save T
8DIV RN EpEpEpEp NNy -
16DIV [ N e B e B
CAL_EN |
FLAG
CAL_RES /"
CAL_END |
D[2]
D[1]
D[o]

(b)
Fig. 4. Control logic circuit for channel mismatch correction
(a) block diagram (b) timing diagram.
azl 4 Me FHEe 2EHE 25 Mo =2
@ =< (b ElojL T,



A 3-GSymbol/s/lane MIPI C-PHY Transceiver with Channel Mismatch Correction Circuit 145

_/ A\

CA

BC l_ BC

(b) ()

Fig. 5. (a) Pre—determined transmitting data pattern for
channel mismatch detection (b) phases of receiver
data @ length of channels A, C > length of channel
B (c) phases of receiver data @ length of channels
A, C < length channel B.

O 5. (@) e FHee A& <6l o2l Mol Sal==
Hlole| oiEl (b) A=l A5l 2{A @ channel A,
Ce| Zo| > channel Be| Z0| (¢) F=AIE Az
2|4 @ channel A, C2| Z0| < channel B2 Z0|

[ERup—. --?
&
O W

CTTTTT LT -y
whomnonnnn

of HAelE gt AdE 7] Ade el
wet AAAZE AdS AAs OHEEEAME
3l AN Z=E AA st CALRES #lo=
AEE = 4HAE719 el highd W Ad BE
A% A =S F7HA71A lowd W= Ad A,
CE 9 Ad Z=&5 F7At AA Z=% 16
T FE502 JIEHE F3) Aloj®tt. CAL_RES
AL Sl AEH= ghol v A H 2L vt
A3 71 owje] A ZEE A gt

1. Ad FARF AXE 9% 41 Holg e

TAZ1Y HHE7]
Ad A, B, CJ THE 3 d3}7l 2] 3l 4]

= Ade *JEH-E—- 4 &3] 3%‘%‘3}71 ?lal inter-
Symbol interference (ISD9] < gk
4 5@ & EF deow A
A2 BATLS AE57] 98 A2 A, BE
EZ AEE dAFea AE CE Fdl4AE m
gile] DC A sE A&k 29 5k 2ol A
do] EAZo g Ad A C Az E Ad B
AzHT AAEE FA7AA vEEAAA= FA
tlole BCx CARUTE #1740 otk 11 5(c)el
A= Ald B7F Ald A, CRY 2o Ald Be] A&
7} gty 44 dolE CAE BCHRU $)4o]

—~L

q]—
Latchqb_

@
2 8.62
o .02pPs
Sel TN
i)
% 40p -
il
=5
o 20 7
il
3 o Ops
tec — tca (ps)
(o)
Fig. 6. Phase detector (a) circuit diagram (b) simulation
result.
O 6 A 2EY| (@ 2 (b AlEafolM Hat

SM A "t A dHelE CA, BCo A1 Abol&

ol gt AU BAFS 94 AZ72 Eate] 7
ZgHeH6].
a8 6(a)e Y BFATS AZd7] g AFE

H 99E7I9 s Zelt7]. doly BC7F CAR
o} §1del Hell fAIsE 1 AE = 29
< low7} ¥ BC7F CAEE} o] kAl §1A g
oA 9 HE 3= F¥2 high7t ®th 19
6(b)= 917 A&7 AlEdelA Axpelt) A4
A AES A% A4 A&7 0 ps9] 94 2
2HE 7FA AL Al set-up A7} hold A7 8.62
psE 7Hth Ad BATS g 9 AEE
Ad FAFe] dAT w Opse Y LAE 7HA|

a AEA, CoF Ad B RASS HAED Ak

)«

Ad B S AT $4719 AAI=
MIPI C-PHY9] FA417]elA 3 712 =gholr 9]
48 Az AAIRE FrIsle] o5 Ao
2 Ad FATS 2Agst a9 Ta)e Ad 54
3 BAS fdE A 27 FrhE F2A17] =gl

W 3] Zo|th aAd A, CE AE oA A

(1260)



146 j.inst.Korean.electr.electron.eng.Vol.23,No.4,1257 ~1264,December 2019

Rx
I A s00
W
|
Symbol[2:0] B B 500
] AC_Delay [ R—W—¢
Transmi |——|
Control B_Delay
Logic =
Clock AC_Delay [ __
[ B C o0
AC_D[2:0]
B_D[2:0] I
SDB[0] _ SDB1]
:DOTDTDO- ‘.
D[7:0] sD[0] SD[7]
D[2:0] |DEC Vv SOIY
SDB[7:0]
ouT
[0]
290
240 A

190

140 /
5 o

40 /

000 001 010 011 100 101 110 111
Code(D[2:0])
(©
Fig. 7. (@) Block diagram of transmitter (b) delay circuit (c)
delay time according to code of delay circuit.
a3 7. (@ S87|e 25X () X522l 32 (o)
XA 3l2e| FEo w2 X|od AlZt

Delay(ps)

Al Aqd CE A3 A == L&A Aoy
1 Ad BE fgh A FEe HER Ao
A B7E Ad FAFOR AAHATH 2AE A,
CE A8 A s|=2e A AI+S F7HAA A
FA43%%S BAgoh v, A, Co Aok A
HAH Ad BE s AA 2 AA AIZHES
F7HAA Ad FARS B 17 T(h)e Al
A3 2 B2xolth. NAND AC|ER FA 51 34
Eo Ao m=R A8l 19 ()= A
3|2 AA HE YER efzolth A A H
= 200 psel™ A 3|29 s = 30 psolth.

Qon,tLoLl,ng,ciouhanneL
mismatch correction

(b)
Fig. 8. Layout of designed MIPI C-PHY transceiver
(@) transmitter (b) receiver.
a2l 8. A= MIPI C-PHY &54A17|2] &flojofz
(@ &417| (b) =217

Ad FAYT BvA 3=2Z 712 3-GSymbol/s/
lane MIPI C-PHY 441717} 1.2 V T3 A9
65 nm complementary metal-oxide—semiconductor
(CMOS) &H& Abgste]l AAHAAT. 7 54
71 #9le] WA d¥ir= zhzb 0136 mm’et
174 mW/GSymbol/soltt. 1% 82 AAE A4
F43% 1A 325 7k MIPL C-PHY $417]¢
Fal719] goelobgolt) Ad FAL RAGE 93|
Sk FAT FrkE WA 2z 0.0062
mm?¢} 0.0025 mm?] t}.

Ad AL B dwe HES 9l

%% 3-GSymbol/sg o, Ad w}% A4S
Ad A, C Zol7l 106 cm, AE B Aol7}
0 cm¥ wWet Ad A C2 Zol7F 10 ecm, A B
Aol7F 106 em?l 7 7FA 9] Aol Wa] AlE
s stk AAlE FA7] o= 7]24Q)
TA E2E fle 39 AsE FEE] ¢
ghol], Z} Aol A 3=, Ad FAT o
gk Aol 327F Uk ’“*171011 7134 <
T T4 9 3-8 Al E Al 9
MY 4 gz 9@ Qg 7AS 74@ 3] =7}
a9 9a) = ZH” A, C2] Zo]7} 10 cm, A2

Bel Aol7} 106 cm¥Y ® Ad FAF Al&eolAd

9]
ol
=l

rlo 1>

E?—‘

2

o]
2
=

A e e T e
.—E‘ w —lb’ IUIO lﬂ

(1261)



A 3-GSymbol/s/lane MIPI C-PHY Transceiver with Channel Mismatch Correction Circuit 147

450m
400m
350m
300m
250m
200m

Voltages (lin)

Voltages (lin)

2380
Time (in) (TIME)

SDDné j BC [
soorf jL_Ml 1 ps ->1

Time () (TIME) 29950 Time (lin) (TIME)

oltac Voltac

@

=3
=— 3
AL, -
E |

U

L]

Voltac Voltac

S

Voltages (lin)

Voltages (lin)

230
Time (lin) (TIME)

SDUna 1Bc | _»l £ 50
oA [AL9ps fe

Time (I|n) (TIME)

Voltag Voltag’

hannel skew = 46 ps m&i

9
A A
j:fr ::.,-.

”""‘? . %@izip*' :
r?" J
i X.G !f&E"__%_-:- i .'h’

T T -|u\
100p @200p @300p @400p @500p @600,

(b)

Fig. 9. Simulation results of channel mismatch correction
@ 3-GSymbol/s/lane, lengths of channel A, B, and
C:10 cm, 10.6 cm, 10 cm (a) channel mismatch
correction process using pre—determined data pattern
(b) eye diagram before and after channel mismatch
correction.

O3 9 A FHE 2™l Algaold 22t @ 3-GSymbol/
sflane, channel A, B, C&| Z0[ : 10 cm, 106 cm,
10 cm (a) pre-determined data patterns 0|28t
M 2 B 3™ ) e £ 28 M
<9| ofo| ctolof13

Ha5A A Bel W59 A
RO R

olt} 3-#E <
O &2 Q% A7 AFE 401 pso]al 3-
35 CMOS #2= W3tsta s o CA 2ok BC7t
A A= o] 411 ps® 9 Aozt AT 2Ad

FAGOR Uehd AF7 S0 Filsl
CMOS#E e A% tepge, Ad PR wA F

3-dd JdHATY A7 AFE 114 psE =Q o
w, CMOS @l dole ¢ AlZF 2% 82 ps,
Ad FAFORE e AR 2577 A AT
a9 9= 3-dl¥ ¢=H4AEE pseudo random
bit sequence (PRBS)9| Hlo]lH=Z FTF3L w9
FA7 8] YERE 4ls 9] ofo] tho]o]1glo]

@0 @100p @207 @3000 @400p @500p @G00P

st |
(b)

Fig. 10. Simulation results of channel mismatch correction
@ 3-GSymbol/s/lane, lengths of channel A, B,
and C :10.6 cm, 10 cm, 10.6 cm (a) channel
mismatch correction process using pre-determined
data pattern (b) eye diagram before and after
channel mismatch correction.

a2 10, MY F™e 2-o| AlZao]Md Zut @ 3-GSymbal/
sflane, channel A, B, C2| &0l : 106 cm, 10 cm,

106 cm (a) pre—determined data patterng 0|&¢t
M BFYHE 2 oY b) MY 2HE 2

Mt 22| ofol ctoloj 1Y

th Ad Bol Aol F7FE Ak AlZF 2=53= 46 ps
olar, o] w Azt 2~5F9} ISIZ el A7 A E
o 787 psolth AE FAI BAY FoE
dlolE o] A7 A E& 37.8 psE AN FAFTe
ek =57t ko] AJZE 29k AIE A E 9
o] A% ATt

A=) 10(::1)b Ad A9k C7F 106 cm, =HE B}
10 cm¥ A FAG ol dig Aledoeld Az
ojth 3-#Wl dH T A ANd At Co AAe
2 913k AIZF A 46 psolar, 3-d dEA T
E CMOS #¥ 2 ¥Wgsldls o BC Xtk CA7L
Al A= o] 41.9 pso] 917 Zpol 7} wHAYgT) A K-

o poJf fo

(1262)



148 j.inst.Korean.electr.electron.eng.Vol.23,No.4,1257 ~1264,December 2019

Table 1. Performance summary of proposed MIPI C-PHY

transceiver.
1. FSHE MIPI C-PHY &5417]0] SN eof
Item Contents
Application MIPI C-PHY ver. 1.1

transmit, receive, channel

Main function . .
mismatch correction

Technology 65 nm CMOS
Supply 1.2V
3 Gsymbol/s/lane
Data rate (684 Gb/s/lane)
Time before cor. 83.6 ps
Jitter after cor. 34.9 ps
Active area 0.136 mm’

Power consumption 174 mW/GSymbol/s
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