meticom

MC20901

MC20901

5 Channel
FPGA Bridge IC

for

MIPI D-PHY Systems

and

SLVS to LVDS Conversion

DATASHEET

Version 1.08

December 2016

Meticom GmbH

Meticom GmbH

Page 1 of 17



mesicom

MC20901

Revision History

MC20901
Version Date of Issue Change

1.00 May 31 2013 o First Draft

1.01 June 05 2013 e Minor changes in drawings and tables

1.02 June 07 2013 | * format title 5.1
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1 General Description

The MC20901 is a high performance 5 Channel FPGA bridge IC, which converts MIPI D-PHY
compliant input streams into LVDS high speed and CMOS low speed output data streams.
The MC20901 can also convert an SLVS signal into an LVDS signal.

The MC20901 outputs can be directly connected to FPGAs or DSPs.

Data rates range from 0 Mbps to 2.5 Gbps in HS (High Speed) mode and up to 20 Mbps in LPDT (Low
Power Data Transmission) mode.

2 Key Features

e Input is compliant to MIPI D-PHY interfaces using the DSI, CSI-1 and CSI-2 standards
o HS mode data rate: up to 2.5 Gbps
o LPDT mode data rate: up to 20 Mbps
e Conversion of SLVS input to LVDS output
o SLVS data rate: up to 2.5 Gbps
e BTA (Bus Turnaround option for Channel A or E)
e Pin swap option (all channels simultaneously)
e 5 Channel device (e.g. 4x DATA, 1x CLK)
e D-PHY input termination automatically switched depending on HS or LP mode
e No additional level shifters needed
e Arbitrary power up sequence
e Available as a bare die
o ROHS compliant, Pb-free
e Available in a TQLMP-48 package
o 7mm*7mm * 0.9mm
o 0.5mm pitch
o ROHS compliant, Pb-free
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3 Block Diagram

3.1 Block Diagram

VDI_DIO VPD GND
D-PHY-E-P
Level
D-PHY-E-N (4 L4 Shifteg
A
LP
Level BTA
Shifter
D-PHY-D-P
Level
D-PHY-D-N oSS
ALo
LP
Level
Shifter
D-PHY-C-P Level
D-PHY-C-N R Shifter
L{b
LP
Level
Shifter
D-PHY-B-P Level
Shifter
D-PHY-B-N 2
/Lﬂ
LP
Level
Shifter
D-PHY-A-P
Level
Shifte_-r>
D-PHY-A-N *
IL‘D
A
LP
Level BTA
Shifter
GPIO-0 &— P
Gplg‘l_'llA b State Machine
PIN SWAP &—

Figure 1: Functional Block Diagram of the MC20901
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4 Parametrics
4.1  Absolute Maximum Ratings
Symbol Parameter Condition Min Max | Unit
Vbbio Supply voltage -0.5 3.6 \
Vbb Supply voltage -0.5 2.0 \
Tste Storage temperature -55 125 °C
T, Junction temperature -55 125 °C
VEesp Electrostatic discharge voltage capability (HB;V' 5 1&% PF, 2.0 kv
Vv Electrostatic discharge voltage capability | (HBM; 100 pF, 500 v
ESD-Dout at differential 1/Os 1.5 kQ)
Table 1: Absolute Maximum Ratings
Notes:

Absolute Maximum Ratings may not be exceeded to the device without causing permanent damage or degradation. Exposures
to these values for extended periods may affect device reliability. If the device is operated beyond the range of Operating
Conditions functionality is not guaranteed.

4.2 Recommended Operating Conditions

Symbol Parameter Condition Min Typ Max Unit
Vbbio Supply voltage 2.3 2.5 2.7 \
Vop Supply voltage 1.1 1.2 1.3 \
GND Ground 0 \
Vnoisevop | Maximum allowed supply noise on Vpp | see Figure 2 100 MVpp
Ta Ambient temperature -40 25 100 °C
Table 2: Operating Conditions
Voo
A

O < fnoise < 10 GHZ

V noise < 100 MV,

TAVARLY,

Supply voltage may not exceed
1.3V or drop below 1.1V at any time!

>

Figure 2: Maximum Allowed Supply Noise on Vpp
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4.3 DC Characteristics
(At recommended operating conditions)
Symbol Parameter Condition Min Typ Max Unit
Ibb25HS HS mode supply current @2.5Ghps 27 335 40 mA
VDDIO
Ibb12HS HS mode supply current VDD @2.5Gbps 0.9 13 1.6 mA
Ibp2sLp LP mode supply current @20Mbps 27 335 40 mA
VDDIO
Ibb12Lp LP mode supply current VDD @20Mbps 0.6 1.25 2 mA
Single Ended Outputs (LP-X-P, LP-X-N) **
Vo LP high level output voltage Tracks VDDIO 2.3 2.5 2.7 \
VoL LP low level output voltage 0 0.2 \
Single Ended Inputs (GPIO-0, GPIO-1, BTA, PINSWAP)
ViH high level input voltage 0.7 VDDIO V
Vi low level input voltage 0 0.2 V
HS Outputs (HS-X-P, HS-X-N) **
Vewm-out Output common mode voltage Tracks VDD 1.09 1.2 1.31 \
[Voo-oil Differential output voltage 250 300 350 mVp
Zop Output impedance Differential 80 100 120 Q
Differential Inputs (Dpny-x-p, Dery-xn) **
ViH LP high level input voltage 0.88 135 V
Vi LP low level input voltage 0 0.55 V
Iy High level Input current Input termination off 100 nA
m Low level input current Input termination off 100 nA
Cin Input capacitance Including package 1 15 pF
Vewmin 70 200 330 mV
|Vin-pi] @ up to 1.5Gbps 70 200 400 mv
@ above 1.5Gbps 140 200 400 mV
Zin Differential 80 100 120 Q

*! X means the Channels A to E

Table 3: DC Characteristics
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4.4  AC Characteristics
(At recommended operating conditions)

Symbol Parameter Condition Min Typ Max | Unit Notes
tpu Power up time 10 us
tHs Min delay HS sequence to 2 ns

HS data

Single Ended Outputs (LP-X-P, LP-X-N) **)

BR.p Maximum LP output bit 20 Mbps
rate

HS Outputs (HS-X-P, HS-X-N) **)

BRHus Maximum supported 2.5 Gbps
output bit rate
T/Ti Output data transition time 20%-80% 90 140 ps
S Qutput return loss @ 500 MHz 15 dB
Jo Deterministic output jitter 30 ps
Jr Generated random jitter 0.35 0.7 PSrms
JpsrR Jitter caused by PSRR Supply noise @ VDD 1 2 ps/m
\Y
ToeL HS propagation delay DPHY input to HS output 300 500 900 ps
Tskew HS Propagation delay 3 sigma mismatch between - - 50 ps
mismatch channels A,B,C,D,E
Differential Inputs (Dpny-x-ps Dpry-x-n) **)
BRus Maximum supported input 25 Gbps
bit rate
Sn Input return loss @ 500 MHz 15 dB
**) X means the Channels Ato E

Table 4: AC Characteristics
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5 Package Information

5.1 TQLMP-48 Package

(drawing not to scale)

e Package Type: Thin Quad Leadless Molded Package (TQLMP)
e Package dimensions: 7.0 x 7.0 x 0.75 mm

e Pin pitch: 0.5 mm

5.2 Pin Description

8 % o a 53 T =z
;0 A a) SO O o &
O A Z 0o Z b 2 ¢}
c % 20 > 0 e 2 o 2 2 <
//,7 T T T T T T T I T T 7T T T T T 7<\
HS-E-N || n.c.
HS-E-P || [|HS-A-P
LP-D-N [ ||HS-A-N
LP-D-P|| Lp-cp
LP-E-N LP-C-N
MC20901 Lo
GPIO-1 || || LP-B-N
GPIO-0 [ | LP-A-P
vDDIO || | LP-A-N
D-PHY-E-P || /| vobio
D-PHY-E-N[| ) /| D-PHY-A-N
N
n.c. W, D-PHY-A-P
BN 1 /
)
1T T T T T T T I T T T T T T T
g & = A S o z 08 = 0
£ 223K 29922 <
T x n T x © z x
a I z a a & &
[« o o A o o

Figure 3: Pin Assignment MC20901
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Nzlr?le P NS, I/0 Type Description
VDD 32 P Supply Supply voltage for the SLVS input driver and internal logic
VDDIO 15, 45 P Supply Supply voltage for the LVDS output stage and internal level shifters
GND 4,9, 28,31, 33 - - Global ground
D-PHY-A-P 13 vo | sLvsiemos ?cll)erBl‘ll?A-PHY compliant positive input or SLVS positive input, channel A, output
D-PHY-A-N 14 vo | sLvsiemos ?cll)erBl‘ll?A-PHY compliant negative input or SLVS negative input, channel A, output
HS-A-P 23 (0] LVDS Positive LVDS high speed output, channel A
HS-A-N 22 (0] LVDS Negative LVDS high speed output, channel A
LP-A-P 17 /10 CMOS Positive CMOS low power data output, channel A, input for BTA
LP-A-N 16 /10 CMOS Negative CMOS low power data output, channel A, input for BTA
D-PHY-B-P 10 | SLVS/CMOS | MIPI D-PHY compliant positive input or SLVS positive input, channel B
D-PHY-B-N 11 | SLVS/CMOS | MIPI D-PHY compliant negative input or SLVS negative input, channel B
HS-B-P 27 (0] LVDS Positive LVDS high speed output, channel B
HS-B-N 26 (0] LVDS Negative LVDS high speed output, channel B
LP-B-P 19 (0] CMOS Positive CMOS low power data output, channel B
LP-B-N 18 (0] CMOS Negative CMOS low power data output, channel B
D-PHY-C-P 7 | SLVS/CMOS | MIPI D-PHY compliant positive input or SLVS positive input, channel C
D-PHY-C-N 8 | SLVS/CMOS | MIPI D-PHY compliant negative input or SLVS negative input, channel C
HS-C-P 30 (0] LVDS Positive LVDS high speed output, channel C
HS-C-N 29 (0] LVDS Negative LVDS high speed output, channel C
LP-C-P 21 (0] CMOS Positive CMOS low power data output, channel C
LP-C-N 20 (0] CMOS Negative CMOS low power data output, channel C
D-PHY-D-P 2 | SLVS/CMOS | MIPI D-PHY compliant positive input or SLVS positive input, channel D
D-PHY-D-N 3 | SLVS/CMOS | MIPI D-PHY compliant negative input or SLVS negative input, channel D
HS-D-P 35 o LVDS Positive LVDS high speed output, channel D
HS-D-N 34 o LVDS Negative LVDS high speed output, channel D
LP-D-P 40 (0] CMOS Positive CMOS low power data output, channel D
LP-D-N 39 (0] CMOS Negative CMOS low power data output, channel D
D-PHY-E-P 26 vo | sLvsiemos f’\gerBI‘ll?A_PHY compliant positive input or SLVS positive input, channel E, output
D-PHY-E-N a7 vo | sLvsiemos f’\gerBI‘ll?A_PHY compliant negative input or SLVS negative input, channel E, output
HS-E-P 38 (0] LVDS Positive LVDS high speed output, channel E
HS-E-N 37 o LVDS Negative LVDS high speed output, channel E
LP-E-P 42 /10 CMOS Positive CMOS low power data output, channel E, input for BTA
LP-E-N 41 /10 CMOS Negative CMOS low power data output, channel E, input for BTA
GPIO-0 44 | CMOS General purpose configuration input 0
GPIO-1 43 | CMOS General purpose configuration input 1
BTA 5 | CMOS Bus turnaround control pin
PINSWAP 6 | CMOS Pin swap function control pin
N.C. 1,12,24,25,36,48 - - Do not connect
Thermal Pad - - Thermal Pad may be connected to GND or left floating (n.c.)

Table 5: Pin Description
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5.3 Package Information
D
| A
I
E/2
I
AL‘i
D2
BD
= 1 1 1 1 1 1 1 1 L 1 el
« JUUYUpuouowy |-
A3 = S
,3 E,
_3 E_
_3 E_
_5, E_
E2 = =
_3 E_
_5_ E_
_3 E_
JEDEC# M0O-220 / VKKD = =
_5_ E_
TYPE 48 LEAD =) ®=N
13 rh—
Dimension mm mils um il m m 0 m m m m m - *NX L
SYMBOL | Min Max Min Max L
A 070 | 0.80 | 27.56 | 31.50 ° NX b
Al 0 0.05 0 1.97
A3 0175 | 0.225 6.89 8.86 NOTES
D 6.9 7.1 271.65| 279.53
1. SPADE WIDTH, LEAD WIDTH AND LEAD THICKNESS EXCLUSIVE OF
E 6.9 7.1 271.65| 279.53 SOLDER PLATE
D2 5.5 5.6 216.54 | 220.47 2. PACKAGE OUTLINE EXCLUSVE OF MOLD FLASHES AND BURR DIMENSIONS
3. COPLANARITY APPLIES TO THE EXPOSED PAD AS WELL AS THE
E2 5.5 5.6 216.54| 220.47 TERMINALS. COPLANARITY SHALL NOT EXCEED 0.08mm.
@ 0.5 BSC 19.69 BSC 4, WARPAGE SHALL NOT EXCEED 0.10mm,
NX b 0.20 0.30 7.87 11.81 5. THE TERMINAL #1 IDENTIFIER AND TERMINAL NUMBERING CONVENTION
SHALL CONFORM TO JESD 95-1 SPP-012.

NX L 0.35 0.45 13.78 17.72 DETAILS OF TERMINAL #1 IDENTIFIER ARE OPTIONAL, BUT MUST BE
9° o 4 o 4 LOCATED WITHIN THE ZONE INDICATED. THE TERMINAL#1 IDENTIFIER
ND 12 MAY BE ETHER A MOLD OR MARKED FEATURE.

6. ND AND NE REFER TO THE NUMBER OF TERMINALS ON EACH D
NE 12 AND E SIDE RESPECTIVELY.
Figure 4: Mechanical Dimensions TQLMP-48
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6 Application Notes

6.1 Application Overview

The MC20901 can be used with D-PHY sources (e.g. cameras) as shown in the picture below. In this
example D-PHY compliant source signals coming from the camera are converted into standard LVDS
and CMOS signals, which can then be fed directly into an FPGA or DSP for signal processing.

The diagram also shows the MC20902, which performs the reverse function of the MC20901.

Camera Display
(D-PHY Source) MC20901 FPGA MC20902 (D-PHY Sink)
LVDS I/O
D-OUT-0-Pl — — — |D-PHY-EP  HSEPINDO G Domain DCOCOCOTHS-EPING b by e p | DAIN-0-P
D-OUT-0-N D-PHY-E-N D-PHY-E-N D-IN-0-N
LP-E-PIN — LP-E-P/IN
o DOUT-L-Ply— ——D-PHY-D-P HS-D-PINDCOCOCO et -> > OCOCOAHS-D-PIN oy pp S>> D-IN-1-P
§ D-OUT-1-N D-PHY-D-N | b 5 b/ - LP-D-P/N D-PHY-D-N| D-IN-1-N
T
g D-OUT-2-Plsy — — — 1 D-PHY-C-P  HS-C-PINDO T - O OCOC|HS-C-PIN - b ppy.c.p ~c>c| DIN-2-P
D-OUT-2-N D-PHY-C-N o - oy L Lp-C.P/N  D-PHY-C-N D-IN-2-N
D-OUT-3-P|y — — — | D-PHY-B-P HS-B-P/IN DO O gt RO OCOCOCHS-B-PING by e o S| D-IN-3-P
D-OUT-3-N D-PHY-B-N | pa e - LP-B-P/N D-PHY-B-N D-IN-3-N
X
S
G D-OUT-CLK-P|~———D-PHY-A-P  HS-A-PINDXC OO == CMOS 1/0 =B O OCOCOCHS-A-PIN. - p pHy-A-p (S| D-IN-CLK-P
> D-OUT-CLK-N D-PHY-A-N - . D-PHY-A-N D-IN-CLK-N
E. LP-A-PIN ’ Domain LP-A-PIN
o

Figure 5: Application Diagram
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6.2 D-PHY to FPGA Bridge Application

In this example one D-PHY clock lane and four D-PHY data lanes in regular configuration are shown.

FPGA
MC20901 RX
DPHY O P »| DPHY-E-P HS-E-P HS-0-P
- - Hs-E-N>C>C>C>C HS-0-N
[l
LP-E-P »| LP-0-P
DPHY_O_N Q »| DPHYEN LP-E-N »| LP-ON
DPHY 1 P »| DPHY-D-P HS-D-P HS-1-P
1P () oo O Horm
1|
LP-D-P »| LP-1-P
DPHY_1_N O »| DPHYD-N LP-D-N > LP-1-N
DPHY 2 P O | DPHY-C-P HS-C-PDOOOC Hs-2-P
HS-C-N HS-2-N
[l
LP-C-P »| LP-2-P
DPHY 2 N O »| DPHY-C-N P ol LN
DPHY 3 P » | DPHY-B-P HS-B-P HS-3-P
3P0 teon DO i
[l
LP-B-P »| LP-3-P
DPHY_3_N O »-| DPHY-B-N LP-B-N »| LP-3-N
DPHY_CLK P O » | DPHY-A-P HSAP Iy — — HS-CLK-P
HS-A-N HS-CLK-N
[l
LP-A-P »| LP-CLK-P
DPHY_CLK_N »-| DPHY-AN LP-A-N » LP-CLK-N
<—— GPIO-1
GPIO-0
E BTA
| PINSWAP

Channels A ... E are arbitrary exchangeable

Figure 6: D-PHY to FPGA Bridge Application
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6.3 D-PHY to FPGA Bridge Application with Bus Turnaround
In this example one D-PHY clock lane and four D-PHY data lane are shown.
Via pin settings, the IC is configured for bus turnaround on channel E (D-PHY_0)
FPGA
MC20901 RX
DPHY_O_P DPHY-E-P HS—E—P: SO ®d HS-0-P
HS-E-N HS-0-N
]
LP-E-P | ¢————— LP-0-P
DPHY_O_N DPHY-EN LP-E-N | «¢———— LP-O-N
DPHY 1 P »| DPHY-D-P HS-D-P HS-1-P
1P (O heon D OO i
]
LP-D-P » LP-1-P
DPHY_1_N O »| DPHY-D-N LP-D-N > LP-1-N
DPHY 2 P »| DPHY-C-P HS-C-P HS-2-P
2P () e on DO e
]
LP-C-P »| LP-2-P
DPHY_2_N O »| DPHY-C-N LP-C-N »| LP-2-N
DPHY 3 P »| DPHY-B-P HS-B-P HS-3-P
3P rean P OO0 heen
]
LP-B-P » LP-3-P
DPHY_3_N O »| DPHY-EN LP-B-N »| LP-3-N
DPHY_CLK_P () > DPHY-AP HAP | — | HSCLCP
HS-A-N HS-CLK-N
]
LP-A-P »| LP-CLK-P
DPHY_CLK_N »-| DPHY-AN LP-A-N »| LP-CLK-N
-4¢—— GPIO-1
.||7 GPIO-0
—F  BTA
I -||7 PINSWAP

Channels A ... E are arbitrary exchangeable

Configuration is shown for bus turn around on Channel E

Figure 7: D-PHY to FPGA Bridge Application with Bus Turnaround

Meticom GmbH
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6.4 Signal Levels

6.4.1 HS-X-P and HS-X-N LVDS Outputs **
The common mode voltage is Vpp. The differential swing is typically 300mV.

6.4.2 LP-X-P and LP-X-N CMOS Outputs *
These signals are in the Vpp,o domain.

6.4.3 DPHY-X-P and DPHY-X-N Inputs **
These signals are compliant with the MIPI D-PHY specification.

6.4.4 GPIO-0, GPIO-1, BTA, PINSWAP CMOS Inputs
These signals are in the Vpp,o domain.

*! X means the Channels A to E

6.5 Configuration Using GPIO-0 and GPIO-1

GPIO-1 | GPIO-0 Description
0 0 IC power down
0 1 SLVS to LVDS conversion mode activated
1 0 D-PHY mode, Bus Turnaround capability assigned to channel E
1 1 D-PHY mode, Bus Turnaround capability assigned to channel A

Table 6: GPIO Selection Bits

6.6 Configuration Using BTA

BTA Description

0 Bus Turnaround not enabled
Bus Turnaround enabled on the channel selected according to Table 6.
The direction of LP data transmission is changing instantaneously.

Table 7: BTA input Bits

A low level at BTA Pin means that the LP pins are treated as output pins (normal operation).

A high level at the BTA pin means that the LP pins for the selected channel (see Table 6) are acting as
input pins. In this configuration the incoming LP signals at the selected channel

(LP-X-P and LP-X-N) are outputted at the according D-PHY pins DPHY-X-P and DPHY-X-N.

6.7 Configuration Using PINSWAP

PINSWAP Description

0 Pin Swap off

1 Pin Swap D-PHY-X (swaps D-PHY-X-P and D-PHY-X-N pins)
Please note: Pin swap is not active if BTA=1

floating Pin Swap HS-X (swaps HS-X-P and HS-X-N pins)

Table 8: PINSWAP input Bits
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6.8 Input to Output Signal Diagram
D-PHY input signal (example):
H
E
LP mods HS mode LP mode
:V%VD] ] - Red signal: D-PHY input signal at DPHY_X_P
Green signal: D-PHY input signal at DPHY_X_N

v T2in /—\—

O

Miel 'HS-RqsIf:idenn'ﬁEd by MC20x01 state machine

Cormesponaing output signals

Propagation Delay LP

: Time Axis
‘Wu’ (not to scale)

:MIPILP-Rast' / Stop state
lden!aﬁed by MC20x01 stafe machine

g .,,, (approx. 1ns) Prupaganun Delay LP
] - rappr ns)
L LP mode U HS mode LP mode
VDDIOF =T
Red signal: LP output signal at LP_X_P
Green signal: LP output signalat LP_X_N
0 -
Time Axis
P tion Delay HS (not to scala)
. == Propagation Delay
¥ (approx. 500ps)
=

Red signal: LVDS output signal pin HS_X_P
: Green signal: LVDS output signal pin HS_X_N

v T2out \ /_\ o /_\ o /_\

Figure 8: Input to Output Signal Diagram

Time Axis
(not to scale)
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7 Legal Disclaimer Notice

All product specifications and data are subject to change without notice.

Meticom GmbH, its affiliates, agents, and employees, and all persons acting on its or their behalf
(collectively, “Meticom”) disclaim any and all liability for any errors, inaccuracies or incompleteness
contained herein or in any other disclosure relating to this product.

Meticom disclaims any and all liability arising out of the use or application of the product described
herein or of any information provided herein to the maximum extent permitted by law.

The product specifications do not expand or otherwise modify Meticom’s terms and conditions of
sales, including but not limited to any warranties expressed therein, which apply to this product.

No license, expressed or implied, by estoppel or otherwise, to any intellectual property rights is
granted by this document or by any conduct of Meticom.

The product shown herein is not designed for use in life-saving or life-sustaining applications unless
otherwise expressly indicated. Customers using or selling Meticom products not expressly indicated
for use in such applications do so entirely at their own risk and agree to fully indemnify Meticom for
any damages arising or resulting from such use or sale. Please contact authorized Meticom personnel
to obtain written terms and conditions regarding products designed for such applications.

Product names and markings noted herein may be trademarks of their respective owners.

8 Contact Information

Meticom GmbH
Suedfeld 12
30989 Gehrden
Germany

Tel: +49 5108 918640
Fax: +49 5108 918640

www.meticom.com
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