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Abstract: This paper presents a new type of biphase mark coding(BMC) decoding circuit for PD protocol chip. Based on the traditional

BMC decoding circuit, firstly, the counter is separated from the decoding module, and a state machine is added in the decoding

module. By changing the jump condition of the state machine, the BMC signal with single bit period mutation of 25% is decoded.

Then, a finite impulse response (FIR)filter is added to make the threshold value change linearly with the value of Cnt, so that

the BMC signal with multiple continuous cycles can be decoded. Finally, the Verilog Compiled Simulator of Synopsys company is

used for simulation verification, which proves that the new scheme can decode two adjacent BMC signals with a period difference of

25%, and decode ten consecutive BMC signals with a period increase of 6.25%.
Key words:; BMC decoding ; USB PD protocol ; FIR ; fast charging protocol chip

0 BMC
, , BMC 33 ps  £30%";
USB (Universal Serial Bus Implementers Forum, USB 20 Gb/s  ,USB
USB-IF) BMC USB (Universal , BMC
Serial Bus Power Deliver, USB PD)3.0 ,
Qualcomm (Quick Charge , QC) . (81, ,
Samsung (Adaptive Fast Charge , BMC ) [9]
AFC) , 3.3 us+25% BMC
, =31 , BMC +30%
BMC USB PD 3.0 14-61, , USB PD 3.0
120 W, 6.25 A,
# : (61774012, 61574010, 61901010 ) ; (20162X02301002001) 5
(4192014 ,4204092) ; (2019M650404) 5
(201977-9)
§ . ) 2021 47 11 —29
http://www.chinaaet.com



M EFRAR

http://www.chinaaet.com

BMC_Data R |_’| IS H Prrr Decode_Result

+25% BMC
; , FIR BMC 2 BMC
BMC . 7
BMC 64
1 BMC
BMC 1 ) ’
, 172 3/4 1, 0.
: L, ! BMC .
1 3 ; +25% BMC
) 0 ) 1 2
4 o-11] ’ BMC
3 s 4
, Threshold
R 1/2Threshold 1/4Threshold , 1/2Threshold
BMC_Signal_Filtered Decode_Result
> ocodetlesl
fRADAE R
e AL |
314 bit | BMC_Signal [~ 1| | shdom | Edee 7y
Hlhit | H2bit | E3bic | 4 bi BT e ot
1 BMC !O Threshold
BMC 2 ’ N |
. . (2 , BMC TR 05 FIRJEH A
, 200 ns ;
, BMC 3 BMC
Ed et
 — BMC_Signal_Filtered l‘l D
L
0 o
— [ |+ 1 e e ENB D register]
A Threshold——| - S — N
Add ‘.(_} 5.-"4'|'|1|1-.-1-hn]r|—_| + And20 | |
———Threshold—-Threshald- _{_ !
i g:} 3/2Threshold B N
A 3/dThreshold And3
1/2Threshol j'\‘l"' L{ \:|> "‘I:“’“ [£ ? b

L= |

0 | D register2
1 | D Q |

— Edge
—p
ENB
I
D register3
And4
att D ul BMC_Result——=>
— Clk >
|F,NT!
|
— Rst_n l

30 —www.ChinaAET.com

http://www.chinaaet.com



http://www.chinaaet.com

M EFHEAR

1/4Threshold \Threshold ~ 1/4Threshold . 1/2Threshold  Thres—

hold 3/4Threshold . 5/4Threshold .
3/2Threshold , Cnt

, Edge

, D registerl D register2
2 ,D register3
, 01 Andl 1

I, 10 And1
1 0,

5 ° , BMC_Signal

BMC_Signal_Filtered ,
BMC_Signal_Filtered s

Idle Counter_First s
BMC_Signal_Filtered s
- s BMC_Signal
Edge, Counter_First Edge
Cnt Threshold
s Cnt 3 /4Threshold 5/4Threshold
s BMC 0; Cnt
1/4Threshold 3/4Threshold X
BMC 1, s BMC
1/4 .
Edge&3/4Threshold
<Cnt<5/4Threshold
3/2Threshold<Cnt Edge&1/4Threshold
<Cnt<3/4Threshold
BMC Data_  pqe0&3/4Threshold
Filtered _(<5/4Threshold
Counter_
Second
5 BMC
BMC
, FIR 5
BMC 3 , FIR
6 s FIR s FIR
250~350 kHz, MATLAB
FIR 61.30.16.15,
s h
1/2.1/4 .1/8 . 1/81B3-11 (1)
Threshold R Cnt .
3 5 , FIR Cnt

http:/§www.chinaaet.com

o3 Cnt2 Cntl Cnt0
nt. | |
-1 -1 =
Z I Z I Z

1/8@ 1/8—-®

C) ThresholdL——>

N

N ]
2N

6 FIR

I

s Counter_First
Edge
Threshold ,
5/4Threshold s
FIR
FIR

Counter_Second
Cnt

3/4Threshold

FIR o

Cnt

Threshold , Threshold

o

k=4-1

Threshold(n)= z h(n)Cnt(n-Fk) (1)

2 BMC
BMC
BMC
el 7
BMC o
BMC

25%
25%

; Number
; BMC_Signal_Filtered
; Edge
; Counter ,
BMC_Signal ;
BMC_Signal
Counter_Result

64

BMC_Signal
BMC_Signal
BMC_Signal

19.2 MHz
Counter Result
s , Number 2
19.2 MHz
1 BMC_Signal ; BMC_Decode_Result
o 7 , BMC_Signal 10
6.25% , 10 13
, 13 21 6.25% o
25% ,BMC_Signal 5
, 6 17 25% BMC_Decode_
Result 0, , 18 BMC_Signal
3.33 ws+25% ,
0 , BMC
3.33 ws£25% o
8 s BMC_Signal 4

64

Number

) 2021 47 11 — 3



METFHEA

Microelectronic Technology

http://www.chinaaet.com

User: (unknown)@asiclinusym4, Date; 03/07/21 Total Time Range: 0 - 117520.319 Fage 1 of 1
# |Dasig. signal Value Time: 0 - 117520.319 x 1ns ( C1:113325 938REF )
N 2 S s O ' 4 R L.1:  A
86 Group1
001 W1 | Mumber[7:0] P 0 P Feysyaysye f7oysyos Yo e 118 14 15 96 7 e s yaofany 0
o04| Vi | Edge o I I s s B A W
00S| V1| Counter(7.0) frnoo oo 0000000000000 30 TBT00 0TI 1000 000000000100 Y
008 Wi | Counter_Resul7.0] 0 HER R EER EED 60 I 43 BN 0
007 ¥1 | BMC_Decode_Result [St0 | 1
T hon_decodina_ T oL 2oy ood: ben_decodiea b deh, B0 LR T <L Awh_FTered S5 Bem_ decodiva_ T Bim_ edge B0 [ecodiva_Thbn_) T, 006 e Fo bem_ Realg
o7 i.na_thbom_decoding BMC_Decode_Raesalt
7
User: {unknewr)@asiclinwymd Date: 0307/21 Total Time Range: 0 - 118822 634 Page 1 0f1
* | Desig. Signal Value Time: 0 - 118822.634 x 1ns { C1:107520.26REF )
T L I . .1 0 T L T .
36 Group1
001| W1 | Numbes(?.0] o 0  JrYeysYaysye YT ye Y s yowlnfiz)y3 o s Yae yor foe [ 0
I I 3 AN o I Uy WO oy Yy W WY o Ty Y Y s N e B
oos| vi |evcsguapms o | 1ML L LU ML Ll L L
00s| vi | Eage e 0 1 N ) N N I ) I
005| V1 | Threshold|5.0] = 64 66 69 (7377 [ o1 (65 89 (93 [ 95 % J e § oz Y ns Yo oz Iy 64
006] V1 | Counter?:0) P 0 ST o
007| V1 | Counter Resuy70] [ 0 Jedjes |72 7e o0 | o4 § 66 )| s ) E3 {720 | 16 ) vz | o8 ) 108 || 0
008| V1 | State(1-0) pose_5ty iale_State f Y YCunter \ ¥ First_Counter T Y°_Counter] T*_Counter] [ Counter] *r [ First_Counter Y1 Counter || iale_State
003 V1 |BMC DecodeResst S0 | [ [ [ L[ LTI 1 1 1
T B deoodia, B on LI L DU Do, decoang, S, 0% L B b, B W, 007 Bon_ dvoode. B B, e, 0T L dr T Don, decods I TS 0% | soodrea, 6 bom,
e ¢ it ®bm_ducodng Cowhe_ Rel7 0 008 bom_decofit) B 5cm_ decodrry S0, 0% [ fri B b<m_decoding BaeC_Decode_ Reielt
8
254 ns , [9] 57.29% , [9]
BMC_Signal_Filtered ; BMC_Signal 89.10% .
10 6.25% , 14 18 3
6.25% , FIR 25%  BMC
Threshold Counter_Result s BMC , BMC
(91 1 ; , FIR
BMC BMC R Cnt Threshold
, (9] 300 kHz=25% 1/4, 25% BMC
s 0.18 wm ; FIR Threshold Cnt
1 , BMC
0] . BMC ,
/nm? 37 491.664 4 87 769.967 2 25% BMC ,
/mW 0.314 50 2.886 5 6.25% o
300 kHz+25% ( 38

32 —www.ChinaAET.com

http://www.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





