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Abstract: Based on the MIPI D-PHY version 1.1 specification, a design of slave D-PHY digital circuit is proposed, which is
implemented with 4 lanes. In the high-speed mode, the data transfer rate of a single lane supports up to 1.5 Gb/s; in the low—
power mode, the data transfer rate of lane 0 is up to 10 Mb/s. In the high—speed mode, the deserialization of the serial data
stream is implemented by the analog circuit, and the synchronization detection of the data frame header after deserialization is real-
ized by the digital circuit; the detection of the D-PHY entry code and the data transmission in the low—power mode are asyn-
chronous communication and a kind of asynchronous clock implementation is proposed; SMIC 0.18 wm CMOS process library is
used for synthesis, and at the typical process corner, the overall circuit area is 95 061 pum?; the overall power consumption is
4.291 mW, and the power consumption in low power mode is 231.3 pW.

Key words; MIPI; D-PHY ; high speed mode ; low—power mode ; asynchronous clock

0 51, D-PHY DSI
2003 ,ARM, . o1,
N , D-PHY s s
(Mobile Industry Processor (High Speed , HS) N
Interface , MIPI) (i, , (Low —Power , LP) 7, ,D-PHY
MIPI s MIPIT o , )
(Display Serial Interface , DSI) MIPI (Burst) , 1.5 Gb/s
21, (D-PHY v1.1 ), .
B N 41 DSI o ,D-PHY 0 s
(Physical Layer,PHY), ) , @,
() () 10 Mb/s(D-PHY v1.1 ),
, . 02 (20162X02301) (1)
§ ) ) 2021 47 11 — 33
http://www.chinaaet.com



METFHEA

Microelectronic Technology

http://www.chinaaet.com

) ) Dn , 0
;(2) ,D-PHY Dp .Dn ,D-PHY
1.5 GHz, (Entry Code) ,D-PHY
o : LP11—LP10—LP00—
1 D-PHY LPO1—1P00, ,D-PHY 8 bit
D-PHY  DSI , , (Entry Command) ,
1 D-PHY , (Low—Power Data
(HS-RX) . (LP-RX) Transmission , LPDT) | (Ultra—Low Power State ,
(LP-CD), D-PHY ULPS) (Reset—"Trigger) o 2 o
; , 0 2
, O LPDT mode 1110_0001
ULPS mode 0001_1110
Trigger Trigger others
5k | |
8 bit 8 bit
Dp . Dn - (Spaced —
Lane Control
Dp ~— {> > and One_Hot) -
Dn /d LP-RX D . Inﬁirfface , 2 P “0” “17,
B Mark Space ., Markl (LP10)
Space (LP00) “17,MarkO(LPO1)  Space(LP00)
LP-CD 1.2 D-PHY
D-PHY
1 D-PHY , Burst ,D-PHY
Burst 1 Byte,
Dp . Dn ; ,D-PHY
=101 D-PHY Dp .Dn , 8 (Sync
’ 1 ° ), (Trailer
Yo 8 Sync 0001_1101 , Trailer
1 D-PHY ) “«0” “17
Burst s Dp .Dn
,D-PHY s
Hs-0 0 A A D-PHY . LP11—LPO1
HS-1 N/A N/A
LP-00 N/A Bridge Space LPoO, »Dp . Dn
LP-01 N/A HS-Rgst Mark-0 ’ ’
LP-10 N/A LP-Rgst Mark -1 ; D-PHY
LP-11 N/A Stop N/A (The—ew) HS-0 s Sync
Burst trailer burst
1.1 D-PHY ,Dp .Dn STOP o
DSI 2 D-PHY
. D-PHY , D-PHY s
D-PHY , , Dp .Dn ,
, (bit) , ,
Dp  Dn , (Byte) o D-PHY
o Dp 2 R

34 —www.ChinaAET.com

http://www.chinaaet.com



http://www.chinaaet.com ﬁ %‘?‘&7‘{

clk_hs > DD.R._ Clk —> byte_clk_hs
1/0 Divider
HS 8 S 8
data_hs — > S A ~ync ya
1/0 Deserializer 4 "] Detector 7
A
Y A 8
Dp 8 bi
— -~ it )
o HS_FSM Reginer 72— data_bs
A
B Y . B » ctrl_esc
i Ese_Clk i o S
H Generator § > Esc_FSM 8 hit /
E.-__------_ -----_.....: o Register ; 8 data_esc
A A
Y
1k _esc {
crese »i Spaced_One_ ,
, E Hot Decoder e 8
2 D-PHY
2.1 Dp’ .Dn"  Dp.Dn ck_p clk_n,
D-PHY , clk_p clk_n clk_esc .
o 3 o
) Dp
[
1.5 1, [1] 40 MHz — LT
Dp .Dn o s clk_esc
DLY4X1
N 9 DH
| —
Spaced —One—Hot :
Bridge Space , LPOO, 3
2.2
, r 4
Dp .Dn o : D-PHY clk_esc
DLY4X1, Dp .Dn , ,
Dp
o +
COMP > esc_state[2:0] - > Ipdi_esc
Vref _ o
_ *| State_ Esc_ [— ulps_esc
Dn Crl | Gl Ly irigger_esc
i+
—»[> o—> —» cirl_esc
COMP >
Vref
[ I +
> Data_ >
i Bse_ | oy 7:0
Data g ™ Dama ata_esc[7:0]
L Decode decode[7:0]
clk_esc *—> —» >
4

§ ) ) 2021 47 11 — 35
http://www.chinaaet.com



METFHEA

Microelectronic Technology

http://www.chinaaet.com

D-PHY (Finite State Machine , FSM)
5 o
( stor et wam  )eothoes

A
LP 10
/

0001_1110
LP_RQST ) ULPS

LP 10

5]

A

1110_0001
LP_BRIDGE } LPDT
LP 01

Y

entry—cmd
ESC_RQST 200 ESC_CMD

5

D-PHY s STOP s
, ESC_CMD ,
8 bit ; ,
LP11 ,D-PHY STOP ,

Spaced—One—-Hot ,
, LPDT 8 bit o
5 , State_Citrl
, ESC_CMD LPDT
Hot ) Data_Cnt
Data_Cnt 4 )

Spaced—One—
Data_Decode s

Data_Decode

- DDR

8 bit o

Sync o )

Verilog ,

36 —www.ChinaAET.com

2.3.1
D-PHY Burst
Dp . Dn s
LP11—LPO1—LPOO s
S ,Dp .Dn
, DDR s ,D-PHY
s Dp .Dn LP11 s
STOP o s
LP11—LP10—LPO0—LPO1—LP11
o 6 o

6
2.3.2
, , 7
0 Dp .Dn ,D-PHY
LP11—LPO1—1P00 ,
) ,Dp .Dn
8 bit s Syne
o ,D-PHY , Dp .
Dn LP11 , STOP o
LP 00 sync_detect
\ 4
HS_PRPR HS_SYNC
HS_TERM
7
Sync Sync_Detector ,
8 , sync_in
8 bit s ,8 Syne
1 byte 2 byte - Regl~3
8§ D ’ « »
Regl Reg2 2 byte Syne ,

http://www.chinaaet.com



http://www.chinaaet.com

W HE A

Microelectronic Technology

sync_in 8 _ 8 N 8 | 784> VCS s 9 o
9(a).(b).(c)
Regl Reg2 Reg3
Sync |8 , ’ ’
- Detect Sync_out ,D-PHY
vy s e b , Spaced—One—Hot , LPDT
> | Sliding ag_bit _
Comb detect ; D-PHY
8 Sync ’ ’ Syne ’
s Reg2 Reg3 ; D-PHY
, 8 bit ) -
sync_out . 3.2 D-PHY
3 SMIC 0.18 pm , Synopsys Design
3.1 D-PHY Compiler(DC) D-PHY o
Testbench D-PHY (tt) ; D-PHY 95 061 pum?*,
D-PHY , D-PHY Ver- 4.291 mW, , 231.3 pW,
ilog D-PHY . 4
o DUT(Design Under Test) MIPI D-PHY vl.1
D-PHY Verilog . D-PHY s ,
9
) 2021 47 11 —37

http: /§vvww .chinaaet.com



M EFRAR

http://www.chinaaet.com

D-PHY
o ,D-PHY
, D-PHY vl.1
1.5 Gb/s 10 Mb/s o
(1] , , , FPGA MIPI
CSI-2 (1. ,2019 , 45
(1):97-100.

[2] SHIN G W,LEE C K,LEE Y H.Hardware design of an
interface suppoting both camera and display for mobile
devices[C]//2015 4th International Conference on Modeling
and Simulation(MAS), 2015 : 17-20.

[3] KIM H S,LEE P H,HAN J W,et al.A 10 Gbps D-PHY
transmitter bridge chip for FPGA-based frame generator
supporting MIPI DSI of mobile display[J].IEICE Transactions
on Electronics, 2017, E100.C(11):1035-1038.

[4] KIM D H,KIM B D,CHO K.Design of D-=PHY chip for
mobile display interface supporting MIPI standard[J].Micro-
electronics Journal ,2012,43(12):949-955.

[5] MIPI Alliance , MIPI alliance specification for display serial
interface[S]. Version 1.1,2011.

[6] MIPI Alliance, MIPI alliance specification for D-PHY[S].
Version 1.1,2011.

[7] LEE P H,JANG Y C.A 20-Gb/s receiver bridge chip with

auto—skew calibration for MIPI D—PHY interface[J].IEEE

Trans. Consumer Electronics, 2019 ,65(4):484-492.

KIM H S,LEE P H,HAN J W,et al.A 10 Ghps D-PHY

transmitter bridge chip for FPGA -based frame generator

supporting MIPI DSI of mobile display[J].IEICE Transactions
on Electronics, 2017, £100.C(11):1035-1038.

[9] KIM T J,HWANG J I,LEE S,et al.A 14 Gb/s dual mode
receiver with MIPI D-PHY and C-PHY interfaces for mobile
display drivers[J].Journal of the Society for Information
Display , 2020, 28(6) : 535-547.

[10] PANDEY A K,JANGALE A,NARAYAN S.Signal integrity
and compliance test of DSI and CSI2 serial interface over
MIPI D-PHY[C]//2020 IEEE 24th Workshop on Signal
and Power Integrity(SPI),2020:1-4.

[11] CUMMINGS C E.Clock Domain Crossing(CDC) Design &
Verification Techniques Using SystemVerilog[Z].2008 : 1-56.

( :2021-02-22)

[8

—_—

(1995-), , ,

(1983-), , ,
Serdes o

(1962-),

s s s

B - B - i - -, - LI Bl iiiiid ...l il il i L B -—- s e - i - il

( 32 )
[1] , , . FPGA  USB PD
[]. ,2019,21(2):26-29.

2] . Type_C USB_PD

[D]. . ,2017.
[3] D]

: ,2018.

[4] .USB PD 3.0

[D]. . ,2018.

[5] SIAMAK D,LEO L.A Type-C USB power delivery chip
faced catastrophic failure[C]//IEEE 11th Latin American
Symposium on Circuits & Systems(LASCAS) 2020, 2020.

[6] . QuickCharge2.0 [D].
: ,2016.

[7] .USB Type-C  PD [J].
,2016(9):47-51.

[8] . USB PD [D].

,2019.
[9] , , USB PD 3.0
BMC [J1. ,2020,25(3): 14-17.
[10] . [D].
,2019.

38 —www.ChinaAET.com

[11] . [D].

. ,2013.

[12] . BMC
2019-04-19.

CN 208768080 U[P].

[13] . [J].

,2001,5(1):40-41.

[14] HASHEMI S T,KIA M S S.Variability effects on full adders
utilized at finite impulse response(FIR) filter implementa—
tion[J].Journal of Economic & Management Perspectives ,
2017,11(2):933-945.

[15] ESCOTT R.VLSI implementation in multiple—valued logic
of an FIR digital filter using residue number system arith—
metic[J].IEEE Transactions on Circuits and Systems, 1986,
33(1):5-25.

[16] SIAMAK D,XU Z.A BMC analog and digital PHY for
USB Type—-C power delivery[J].Canadian Journal of Elec—
trical and Computer Engineering, 2020 ,43(3):195-202.

( :2021-03-11)

(1964-),

kil s )

(1995-),

s s

http://www.chinaaet.com



http://www.chinaaet.com

hRAX 7= BR

ZAEH A, KRBT FE & W EAEER BT (o THA LAY
&, LAZKRT|H @R BETIM. LARFNDATFIZE L. ILh.
FFRATIE S ML, RERTPFERZ, FE—WEFENLE TR
TG AEE A KFERB L,

AEHA, AL LEZRBE T B2 HEE (CNKL). 773K
FHifRS-F 6. F AP SR E (45 ). DOAT. £E (&5 A4&
T8N IST B AFEFARIR M SR B 52038 A LK.

st F ik BB B AT A SRR R LA . AR FAA, KT
PRI —4) ok Bk AT R IE B ARz

R

CRETFRORNHD) Jn
F E TR R REH R A R NPT

http://www.chinaaet.com





