MegaChips

MCDP6000

USB Type-C DP Alt-Mode Switching
Retimer

Datasheet

KDS-MCDP6000-107

Rev. 1.0.7
MegaChips

MegaChips’ Proprietary and Confidential

This information shall not be shared or distributed outside the company and will be exchanged based on the
signed proprietary information exchange agreement. MegaChips reserves the right to make any change
herein at any time without prior notice. MegaChips does not assume any responsibility or liability arising out
of application or use of any product or service described herein except as explicitly agreed upon.

MegaChips’ Proprietary Information — Strictly Confidential
Page 1 of 46



MCDP6000
MegaChipS USB Type-C DP Alt-Mode Switching Retimer

Contents
LI =T Yol o) o o FO TP PO TRPTPRR PSP 8
P o] o] (o= Vi {o ] T @ V7= VTSSO 9
3. FUNCHONAI DESCHIPLION ...ttt et e e et e e e et e e e e ab e e e e e anb e e e e e anbe e e e e nbeeeeennnes 10
1T RS 1 V=3 (=10 B =] (o o) QB = To | - o o RS 10
3.2, MCDPB000 BIOCK DIGQIam ......ceeeiieeiiieiieieitieeate e etee e aeeeeteeaste e e sate e e saeeesneeesseeesmseesnseeaaneeeaneeesneeesnes 11
3.3, RECEIVEIN PHY .. e e e e e 12
3.4, TranSMIEr PHY ettt a e s b e sar e e sab e e be e b e ne e 13
3.5. DisplayPort Receiver INterface. ........ooui i 14
3.6. AUX_CH, SBU Interface for DisplayPort Alternate Mode...........cccovriiiiiiiiiiien e 15
F N0 ) G O] TN - 1= Vo Vi 1 o T 1= SR 16
7 USB B.2 X1 IMEITACE w.rreereesseeeees oo eese e ee e ees oot ereseee e e 17
3.8.  USB Type-C Connector Facing INTErface ........ccceeiiiiiieeee e 17
R TR (@ @Y= = o o SR 18
R T I = To To - (= o F U PP U PP PRUPPPI 18
3.9.2.  IC Top-Level State MaCKINe .......ccocuiiiiiiiie e e 20
3.9.3.  TWI Programmable MOGE........c..oiiiiiiiieie ettt 21
3.9.4.  STANA-AIONE MOE ...ttt b et b e sb e eneas 21
3.9.5.  LOW POWEI MOGE ...ttt ettt e e bt e e s sb et e e e sbe e e e s sbeeeeesneeeeeans 21
3.9.6.  USB 3.2 X1 Retimer OPEration ........c.oocueeioireiiie e esieeeee e steeeeeeeeeeeeseeeeseeeesaeeesneeesneeesneeeenneas 21
3.9.7. DisplayPort Retimer OpPeration ........c.ooceeiiiriiiieeie e see e e e seee e e sne e e s e e seeeesneeeeneeas 23
3.10. oY =T g0 o] oYU PP TPPP TR PRSP 24
3.11. POWET CONSUMPTION ...ttt ettt ettt e et e e bt e e bt e e sabe e e saeeesabeeebeeesmbeeenneean 24
T 2V =Y o o [ €= 1 =T PRSP 25
3.12.1. LN U 25
3.12.2. XTAL BUfer OPeration .........ceio ettt s 27
3.12.3. Reference ClOCK INPUL.......vei e e 28

MegaChips’ Proprietary Information —Confidential
Page 2 of 46



MCDP6000

MegaChipS USB Type-C DP Alt-Mode Switching Retimer

3.12.4. Reference ClOCK OULPUL ... . it ettt s e e e e s e e eneeeenee 28

N e (I D=t o ] o) o] EO PO PP O PP TP 30
5. Package SPeCIfiCAtION ......co.uiiiiieiee et e e e ae e e b e neeenee 34
5.1.  Package Drawing and DIMENSIONS .......cooiuiiiiiiiiiiie ittt s e e nnre s 34
6. Marking Field Template and DeSCIIPLOS .......c.eiiieiiiiie i 35
7. Electrical SPeCIfiCAtIONS. .......eieiieieieee ettt 36
7.1.  Absolute Maximum RatiNGS .....ccoceiiiiieiie e 36
7.2.  Device Operating CONAITIONS ........ciiiiieiiieiiie et e e e sne e e snee e 36
7.3, EleCtrical CharaCteriStiCS ... ..o o ieiiiieiiee ettt ettt e st e e et e e ete e e sseeesnteeeneeeeneeeenneeeanes 37
4% T R L@ o] = V= Ty T ) Ao ST 37
7.3.2.  DisplayPort tranSmIitler........oo i 38
7.3.3.  DISPlayPOrt FECEIVET ... et e e e e e e e e 40
7.3.4.  DisplayPort AUX_CH ...ttt sttt be e e sbe e sareesaneas 41
7.3.5. USB 3.2 X1 ranSmMIter....coieiie et 42
7.3.6. USB 3.2 X1 FECEIVET ..ottt ettt ettt ettt ettt et e e b e e st e e san e e sabe e s be e e sabe e e anneennneas 43
2% 2 S A" I 2 211 T PSS 44

ST O (o (T4 oo I [} o T4 0 0 =1 o OSSR 44
1S T 2 (= 1= 1= o (o= T PSP 44
10, REVISION NISTOIY ...ttt e s bt e e e s b et e e e sb et e e e sbe e e e e sbeeeeesbeeeeeaas 45

MegaChips’ Proprietary Information —Confidential
Page 3 of 46



MCDP6000

MegaChipS USB Type-C DP Alt-Mode Switching Retimer

List of Tables

Table 1. DP1.4a RePeaEr MOUE.........eeiiiiiiie et e e e e e e abe e e e e 8
Table 2.  DP transmitter CONfIQUIAtION ..........ueiiiiiiiieeeeee e ee e 13
Table 3. SSC source in each 0peration MOGE........cccuii i eaee e 14
Table 4. AUX_CH [atENCY MOTE.....cc ittt e e et e e e sttt e e s st e e e e abeeee s saseeeeesnneeeeeans 16
Table 5. 0x350 register defiNition ..........oo i e e 16
Table 6. MCDPG6000 BOOtSIrap OPEration .........cccueeiieeiiiiiiiie it nnee e 18
Table 7. MCDP6000 Bootstrap for AUX_CH latenCy MOdE .........cccueeiiiiiiiieiiie e 18
Table 8.  Operation mode configuration register ..o e 19
Table 9. MCDPB000 Operating MOME ........cciuiieiiieeiie ettt e et e e s be e e saee e smeeesbeeesmseeenneeans 20
Table 10. Power Consumption (Preliminary estimation in typical conditions) ..........cccecceviiiiiiiniiineneees 24
Table 11. TWI Device ID CONfIQUIALION ....c.eieiiieeiieeeie ettt stee et e e e e smee e e eeeesneeeemeeeenneeeenes 25
Table 12. Recommended Crystal SpecifiCations .........cccoi i 27
Table 13. Recommended Reference Clock Input CharacteristiCs ..........ooeveiiiiriieiii e 28
Table 14. Reference Clock Output CharacCteriStiCs. ........ueiuiiiiiierie e 28
Table 15. Reference Clock Configuration Register Definition ...........ccco i 29
Table 16. oI =TT e 4 o] (o] o TP TR U PP OPPRUPRROPIN 31
Table 17. = (ol DT o o] ) (o £ PSP UU RO UPPTOPRRUPRROPIN 35
Table 18. Absolute Maximum Ratings .......cueeiiiiiiiieiie e bbb s 36
Table 19. Device Operating CoNItIONS .........ciiiiiiiiii ettt s be e sabe e snee e 36
Table 20. DO O] F= T = T3 (=T ) (o TSSO U TP OURRUPRROPIN 37
Table 21. DisplayPort transmitter CharaCteriStiCS ......couuiiiiiiiiiiiiiee e 38
Table 22. DisplayPort receiver CharacteristiCs.........uuiiiiiiiiiiiiiiie e 40
Table 23. USB 3.2 x1 transmitter CharaCteriStiCS......cuuiiieiiiiieeeee e 42
Table 24. USB 3.2 x1 receiver CharaCteriStiCS ... ..ouoeiiriieiiiere et 43
Table 25. LN AT LI 112011 T USSP 44
Table 26. Document reviSion NISTONY ........oii i e 45

MegaChips’ Proprietary Information —Confidential
Page 4 of 46



MCDP6000

MegaChipS USB Type-C DP Alt-Mode Switching Retimer
List of Figures

Figure 1. MCDPB000 System BIOCK DIiagram ........c.cooieieieieiieeeiie ettt e e e see e s e e sneeeanee 7
Figure 2. MCDP6000 Motherboard-DowWn USE Case........c.cieiiiaiiiriiiieiieeeiie et e e e e 9
Figure 3. MCDPB6000 System BIOCK DIiagram ........c.cooieie it e e e see e sneeeneeens 10
Figure 4. MCDPB000 BIOCK DIGQram .......ccicueieiiieiiie ettt sin e e sne e snneesnne e 11
Figure 5. FSM Based Eye SCan CONCEPL .....oiiiiieiiieiiiie ettt r e 12
Figure 6. Example Output of Software Based Eye SCaN ........ccoviiiiiiiiiiie e 13
Figure 7. AUX — SBU channel 10P0I0QY ... .ceeeiueeeiiiieiieie ettt e e e 15
Figure 8. MCDP6000 Operation Mode State Machine ...........cccooiiiiiiiiiiieee e 20
Figure 9. VWO AACCESS ettt ettt ettt e e e bttt e e h bttt e s he e et e ss b et e e ean e e e e e nne e e e snnee e e snnnee s 26
(o U= O R o U= o [ Xt o7= L]~ ORI 26
Figure 11.  Internal Oscillator with an External Crystal...........ccoooiioiiieiiiiiie e 27
Figure 12.  Cascading Reference Clock Across Multiple MCDPB000 ..........ccooouiriiereiieeeiie e 29
Figure 13.  MCDP6000 Ex-VQFN46 Pin Assignment (TOP-VIEW) .....coiiiiiiiieee e 30
Figure 14. MCDP6000 Ex-VQFN46 Package Outline Drawing (Unit: MM)......cccoeroeriiereniir e 34
Figure 15. MCDP6000 Ex-VQFN46 Marking Template ..........cooceiiiiiiiiiiiiieeiee e 35

MegaChips’ Proprietary Information —Confidential
Page 5 of 46



MegaChips

MCDP6000

USB Type-C DP Alt-Mode Switching Retimer

Features

Integrated USB Type-C DisplayPort alternate

mode lane switch to support

— Flip-ability of USB Type-C

— Simultaneous USB 3.2 x1 Enhanced
SuperSpeed (ESS) and 2 lane DP1.4a

— 4/2/1-Lane
DP1.4a(RBR/HBR/HBR2/HBR3)

Power Supply Voltages

1.8 Vfor 1/0O, 1.2 V for core

USB3.2 Appendix.E x1 Compliant Retimer

— 5 Gbps and 10 Gbps support
— Link training participation
— Spread-spectrum clocking as per USB 3.2
standard
— LFPS polling and processing
— LFPS Based PWM support
— Pass-Through / Local loopback
— Loopback BERT for USB 3.2 SS
— Lane polarity inversion
— BLR (Bit-Level Retimer) for SS mode
o Low latency data path
o Link layer snooping
= 8b/10b coding
= De-scrambler

= Link power management
support

— SRIS (Separate Reference clock
Independent SSC) for SSP mode

128b/132b coding
Scrambler / De-scrambler
Link power management support

SKP OS handling / Elastic buffer
for USB for clock offset
compensation

o DC balance tracking / control
o Error correction

(@]

e}

e}

— Transmitter Emphasis
o 3-tap FIR TXEQ for SSP
o 2-tap TXEQ for SS

— Adaptive Receiver Equalization
o DFE + CTLE for SSP

o CTLE for SS
— Support of custom PHY configuration
through TWI (Two Wire Interface)

DP1.4a Compliant Repeater

— Datarate 1.62 Gbps /2.7 Gbps / 5.4
Gbps / 8.1 Gbps

— LT-tunable repeater

— Transparent mode / Non-transparent
mode support

— AUX_CH transaction snooping

— DP1.4a Compliant Retimer DPCD
registers

— 8b/10b coding

— Pattern generator and Error Checker
— Down-spreading of link clock

— Error detection

— Adjustable TXEQ during the link training
through AUX_CH

— Adaptive equalizer with CTLE and DFE
o DFE + CTLE for HBR3
o CTLE for HBR2 / HBR / RBR
— Support of custom PHY configuration
through TWI

Real time Eye Opening Monitor (EOM)
TWI slave to configure the integrated lane
mapping and operation mode

— Compatible with 12C master

— Support up to 4 uniqgue TWI device ID

Configuration pins for the integrated lane
switch and operation mode
Low Power Operation

— 520 mW in USB 3.2 x1 SSP + Two lanes
of DisplayPort HBR3 operation with 1.2 V
and 1.8 V power supply

— 850 uW in standby mode

ESD Specification

— HS Signals : 1 KV HBM

— Low-Speed Signals : 2 KV HBM
Package

— 46 Ex-VQFN (6.5 mm x 4.5 mm)

MegaChips’ Proprietary Information —Confidential
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Applications

e Desktop PC / Notebook / Tablet /
Smartphone motherboard enabling USB
Type-C DP alternate mode

Figure 1. MCDP6000 System Block Diagram
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1. Description

The MCDP6000 is a low power USB 3.2 x1 and DisplayPort1.4a repeater device with an integrated USB
Type-C switch targeted for desktop / mobile PC motherboard-down application.

The USB 3.2 x1 retimer supports both SuperSpeed (SS) bit rate (5 Gbps), and SuperSpeedPlus (SSP) data
rate (10 Gbps). The USB 3.2 x1 retimer includes the link layer function and LTSSM and RTSSM to
participate in the link training. The MCDP6000 supports SS mode with a BLR (Bit-Level Retimer) and SSP
mode with a SRIS (Separate Reference clock Independent SSC). The MCDP6000 supports link power
management with Ux entry and exits in both SS and SSP modes. In addition, the MCDP6000 supports the
link state and link quality maintenance, compensates the clock offset between the downstream port and the
upstream port, detects errors, and corrects single symbol errors in framing order sets, single bit block header
errors, and single or double-bit SKP symbol errors in SSP mode. It also supports spread spectrum clocking
(SSC) to minimize EMI and the low frequency periodic signaling (LFPS). The transmitter employs 3-tap FIR-
based transmitter equalizer for SSP operation and fixed transmitter equalizer ranging from 3 dB to 4 dB for
SS operation. The receiver employs an adaptive Continuous Time Linear Equalizer (CTLE) and a Decision
Feedback Equalizer (DFE). Both the transmitter equalizer and the receiver equalizer are configurable
through the TWI register. Proper settings to comply with USB 3.2 electrical requirements are provided by
default.

The DP1.4a repeater supports 1.62 Gbps, 2.7 Gbps, 5.4 Gbps, and 8.1 Gbps data rates. The following use
cases are supported.

Table 1. DP1.4a Repeater Mode
Mode AUX_CH Function
Non-transparent mode Sample, Manipulate, and
Forward to snoop or respond
as defined in DP1.4a
LT tunable PHY Repeater standalrd. I
Transparent mode Sample and Forward to snoop

The DP1.4a repeater implements AUX_CH snooping function of DPCD addresses defined in the standard as
well as the LT-tunable PHY Repeater DPCD registers. The DP1.4a repeater can support up to a 0.5% down-
spread link rate. The transmitter employs TXEQ, which adjusts its pre-emphasis level according to either the
AUX_CH transaction during the link training or the TWI. The receiver employs a fully adaptive Continuous
Time Linear Equalizer (CTLE) and Decision Feedback Equalizer (DFE). The transmitter parameter can be
set to support the amplitude level and the pre-emphasis level defined in DP1.4a standard are provided in
default.

MegaChips’ Proprietary Information —Confidential
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The MCDP6000 operating mode can be configured through the TWI by default. It can be optionally
configured through the 3 configuration pins by enabling the feature through TWI. These interfaces can be
controlled from an external Power Delivery (PD) controller or microcontroller to set the plug orientation and
the pin mapping of the USB Type-C DP Alt-mode. The MCDP6000 operates at 1.8 V and 1.2 V.

The power consumption is:

1. 520 mW with an active 4 lane retimer (USB 3.2 x1 SSP TX/RX and DP 2 lanes HBR2)
2. 850 uW in stand-by state
The MCDP6000 is offered in a 46-pin, 6.5 mm x 4.5 mm Ex-VQFN package.

2. Application Overview

The target application of MCDP6000 is the Desktop PC / Notebook / Tablet / Smartphone motherboard
enabling USB Type-C DP alternate mode.

The MCDP6000 resides next to the DisplayPort source (CPU/GPU) device, the USB 3.x host or dual-role
device, and the Power Delivery (PD) controller on a same PCB with copper tracks connecting directly to
these devices. High speed serial interface tracks are typical microstrip lines with controlled impedance of 100
ohm. The MCDP6000 communicates with these devices through either TWI, 3 configuration pins or
AUX_CH. By default, the operating mode and the plug orientation are controlled by the PD controller or the
Embedded Controller (EC) through the TWI. When the DisplayPort link is discovered by the PD controller,
the link training is initiated by the DP source through the AUX_CH.

Figure 2. MCDP6000 Motherboard-Down Use Case

Motherboard PD
controller
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3. Functional Description

This section describes the following operations of the MCDP6000:

—_

System block diagram

MCDP6000 block diagram

Receiver PHY

Transmitter PHY

DisplayPort main link receiver interface
AUX_CH / SBU interface

USB 3.2 x1 interface

USB Type-C connector facing interface

© © N o a D

IC operation

—_
o

. Power supply
11. Power consumption

12. System interface

3.1. System Block Diagram

Figure 3. MCDP6000 System Block Diagram
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3.2. MCDP6000 Block Diagram

Figure 4. MCDP6000 Block Diagram
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The figure above shows a block diagram of the MCDP6000. The MCDP6000 includes the following blocks.
The details of each block are described in the following sections:

—_

Receiver PHY

Transmitter PHY

DisplayPort receiver interface
AUX_CH

USB 3.2 x1 (Gen1 and Gen2) interface
USB Type-C connector facing interface
TWI

Configuration pins

© o N oo g ~ W D

USB Type-C switch fabric

10. Crystal Interface for reference clock
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3.3. Receiver PHY

The receiver PHY of the MCDP6000 employs CTLE and DFE with adaptive equalization logic, CDR block, a
serial to parallel conversion block, and an eye opening monitor (EOM) block. The termination register of the
receiver is calibrated to a differential of 100 ohm by default. Depending on the impedance of PCB track, the

termination can be programmed to 80 ohm.

CTLE’s degeneration resistance is tunable for up to 40 steps, which corresponds to 0 dB to 16 dB peaking at
5 GHz (in a typical case). The CTLE capacitance is fixed by default.

Both the CTLE degeneration resistance and each DFE TAP value are automatically adapted to channel
characteristics during the link training. By default, the adaptation time is set to a few hundred microseconds
for CTLE and up to 1.5 milliseconds for DFE.

The MCDP6000 supports the real time eye opening monitor (EOM) in the background. EOM can use two
different methods:

e FSM based observation of four sampling points which detects a lower BER than the configured
threshold

¢ Scans all sampling points by software implementation

Figure 5. FSM Based Eye Scan Concept

THRmax
PHC Bmin - PHD Seman

t

THRmin
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The figure above shows a concept of the FSM based EOM method. THRmax and THRmin indicate the
vertical range to operate in less than 1E-9 BER. PHOSmin and PHOSmax indicate the horizontal range to

operate in less than 1E-9 BER.

Scanning full range is also possible by software. The figure below is an example of a software based EOM.

Figure 6. Example Output of Software Based Eye Scan
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3.4. Transmitter PHY

The MCDP6000 transmitter supports up to 1000 mVpp diff swing without emphasis. The MCDP6000
supports up to 12 dB pre-emphasis. The MCDP6000 uses pre-programmed parameter sets to be compliant
with USB and DP standards. The table below shows a combination of the voltage swing levels and the pre-
emphasis level which the MCDP6000 supports for DP.

Table 2. DP transmitter configuration
Voltgge Pre-emphasis Level
Lovel L 2
0 Support Support Support Support
1 Support Support Support Not Support
2 Support Support Not Support | Not Support
3 Support Not Support Not Support | Not Support

The amplitude level, pre-shoot, and the de-emphasis level for USB follow a standard requirement. As
defined in the USB standard, the MCDP6000 supports a low power transmitter; the amplitude is decreased
up to a 400 mVpp diff as an option.

MegaChips’ Proprietary Information —Confidential
Page 13 of 46



MCDP6000
MegaChips USB Type-C DP Alt-Mode Switching Retimer

The MCDP6000 transmitter uses the clock from a phase interpolator. The phase interpolator generates a
modulated clock to support SSC (Spread Spectrum Clocking). The table below shows the origin of the SSC
generator in the MCDP6000 operation modes. Since DP and USB SS operates as a BLR (Bit Level
Retimer), which does not support an elasticity buffer to compensate for the clock offset, the transmitter clock
has to be synchronized with the receiver clock.

Table 3. SSC source in each operation mode
Mode SSC Source | SSC Profile
DP From Recovered Clock Depends on connected
device

USB SS From Recovered Clock Depends on connected
device

USB SSP | Local SSC Generator Triangle profile

3.5. DisplayPort Receiver Interface

The MCDP6000 receives audio-video streams (DisplayPort) from a source device via the DisplayPort link
(DP Link). The DP link comprises 4 main lanes and an AUX CH. The MCDP6000 does not implement an
HPD interface. PD controller configures the MCDP6000 operating mode when it detects the DP alternate
mode and converts the HPD state message to the HPD signal for DP source device. Both main link and AUX

signals are AC-coupled at the source side.

When the MCDP6000 is configured to DP mode, the MCDP6000’s AUX_CH polarity is determined by the
P_POL signal set by PD controller according to the plug orientation. Once the AUX_CH polarity is properly
configured, the MCDP6000 supports the link training to establish the main link as defined in the DisplayPort
standard.

The MCDP6000 provides the receiver status monitor registers through the TWI. Those registers can be
accessed by reading the repeater DPCD field through AUX_CH when the MCDP6000 is in non-transparent

mode.

The MCDP6000 receiver includes an adaptive equalizer so that the receiving signal is properly equalized
during the channel equalization phase. The adaptation is enabled when the TRAINING_PATTERN_SELECT
of DPCD ‘'h00102 in transparent mode, or the corresponding repeater DPCD field in non-transparent mode,
is TPS2, TPS3, or TPS4.

MegaChips’ Proprietary Information —Confidential
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3.6. AUX_CH, SBU Interface for DisplayPort Alternate Mode

The DisplayPort Aux channel is a half-duplex bidirectional, AC-coupled, doubly-terminated differential pair. It
is capable of transmitting and receiving bits at 1 Mbps. The AUX channel is used for link management and
device control and handles the following functions:

1. Link training

2. Exchanging DPCD
The MCDP6000 is compliant with DPCD Rev. 1.4. The pull-down termination on AUX_CHp and the pull-up

termination on AUX_CHn are used by the DisplayPort receiver device for the plug detection. Therefore a 2:2
crossbar switch is required on SBU line between the termination resistors and the USB Type-C receptacle.

Figure 7. AUX - SBU channel topology

Motherboard J_

DP Source MCDP6000

R IR
Note: The termination resistors next to the DP source may not be required when DP source integrates
these resistors.

W

Js|pueH XNV

The MCDP6000 adjusts its main link transmitter amplitude level and pre-emphasis level according to the
DPCD transaction of ‘h00103 — ‘h00106, ‘h00206 and ‘h00207 in the transparent mode or equivalent PHY
repeater DPCD address in the non-transparent mode. The transmitter can be also configured via TWI.In
addition, the MCDP6000 monitors DPCD ‘h00100 — ‘h00101 to decide the bit rate and the lane configuration
as well as ‘h00102 to enable the receiver equalizer adaptation process.

The MCDP6000’s DP receiver status can be obtained through DPCD in the topology of Figure 7. The

snooped information can be also read through the TWI.
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AUX_CH latency mode

The MCDP6000 provides two AUX_CH latency modes, low latency mode and normal latency mode. The

summary of the differences between two modes are described in Table 4. AUX_CH latency mode can be

preconfigured by the bootstrap as described in section 3.9.1. It can be also configured through 0x350

3.6.fggister

mode

configuration.

Table 4.

AUX_CH bit Ul tolerance

Low latency 0.5Ul -10%/+5%

AUX_CH latency mode

AUX_CH propagation delay

15-us for round trip

Normal latency 0.5Ul +/-20%

100-us for round trip

Table 5. 0x350 register definition
0x350 RETIMER_CONFIG RW
Default: OxF
BIT BIT NAME FUNCTION
3:0 DP_RXEQ_CONT DP Rx EQ adaptation option for [0] RBR, [1] HBR, [2] HBR2, [3] HBR3
0: Rx EQ adaptation during TPS2-4
1: Rx EQ adaptation during TPS2-4 and the beginning of Video stream
6:4 RTMR_DP_AUX_CONFIG 3’h0: Low latency mode when TWISLV1 bootstrap is low
3’h1: Normal latency mode
3’h2: Snoop mode
The others: reserved
8:7 Reserved Reserved
9 RETIMER_CONFIG_RW9 Bootstrap override enable for RTMR_DP_AUX_CONFIG[0]
31:10 | Reserved Reserved

When the MCDP6000 is embedded in DPRX system operating in the transparent mode of LTTPR, the
AUX_CH propagation delay needs to be as part of the AUX_CH response time from the DPRX device. (e.g.

in normal latency mode, 50-us is already added when the DPRX device received the AUX_CH request from
DPTX and another 50-us is added when the DPTX detects DPRX response. Therefore AUX_CH response

MegaChips’ Proprietary Information —Confidential

Page 16 of 46




MCDP6000
MegaChipS USB Type-C DP Alt-Mode Switching Retimer

should be prepared within 200-us by DPRX. Otherwise, DPRX should respond with AUX_DEFER by 200-us

timer timeout.)

When the MCDP6000 is embedded in DPTX system operating in the transparent mode of LTTPR, it is
recommended to configure the MCDP6000 to the normal latency mode and configure the AUX_CH response
timeout timer to 500-us instead of 400-us.

When the MCDP6000 is cascaded in the active cable, it is recommended to configure the MCDP6000 at the
DPRX side to the normal latency mode and the other to the low latency mode.

3.7. USB 3.2 x1 Interface

The MCDP6000 receives and transmits USB 3.2 x1 Gen1 and Gen2 bit rate stream. The USB link comprises
a receiver lane and a transmitter lane.

The MCDP6000 USB 3.2 x1 receiver includes an adaptive equalizer so that the receiving signal is properly
equalized during the channel equalization phase. The adaptation is enabled when the RTSSM (Retimer
Training and Status State Machine) enters the Polling.RXEQ state. The MCDP6000 configures the pre-
emphasis setting according to whether it is SS bit rate or SSP bit rate.

3.8. USB Type-C Connector Facing Interface

The MCDP6000 USB Type-C connector facing interface (Type-C IF) consists of two lanes of bi-directional
high speed interface, two lanes of a high speed transmitter and a Side Band Use (SBU) bi-directional
interface, which is mainly for AUX (auxiliary channel) communication in the DP alternate mode.

The MCDP6000 Type-C receiver implementation is the same as the one in the USB 3.2 x1 interface except
for the multiplexing capability with the transmitter.

The MCDP6000 Type-C transmitter implementation uses the same building block as a USB 3.2 x1 interface.
The Type-C transmitter supports a DP transmitter in addition to the USB 3.2 x1 transmitter. While the USB
3.2 x1 transmitter uses fixed parameters, the DP transmitter changes its transmitter parameters according to
the adjustment request from a sink device during the link training.
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3.9. IC Operation

3.9.1. Bootstrap

Table 6. MCDP6000 Bootstrap operation
Bootstrap P_CONFO0 P_CONF1 Description
00 0 0 MCDP6000 enters low power mode upon the power-up.
01 1 0 MCDP6000 enters USB 3.2 x1-only mode upon the
power-up.
Table 7. MCDP6000 Bootstrap for AUX_CH latency mode

TWISLV1 ' Description

0 Low latency mode

1 Normal latency mode

When the bootstrap is 00, the external pin control is enabled. To change the control mode to TWI control
mode, the following bits should be set to 1:

e OPMODE_CONF.PPOL_BS_OVR
e OPMODE_CONF.PCONF0_BS_OVR
e OPMODE_CONF.PCONF1_BS_OVR
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0x504

Table 8. Operation mode configuration register

Chip configuration

OPMODE_CONF

RW

BIT BIT NAME FUNCTION
0 Reserved Reserved
1 PPOL_OVR_EN P_POL_OVR_EN, 0: GPIO setting, 1: TWI setting
2 PCONFO0_OVR_EN P_CONFO0_OVR_EN, 0: GPIO setting, 1: TWI setting
3 PCONF1_OVR_EN P_CONF1_OVR_EN, 0: GPIO setting, 1: TWI setting
4 PPOL P_POL
5 PCONFO P_CONFO0
6 PCONF1 P_CONF1
7 Reserved Reserved
8 IC_SOFT_RST 0: Normal operation
1: Reset whole IC
9 USB_SOFT_RST 0: Normal operation
1: Reset USB data path
10 DP_SOFT_RST 0: Normal operation
1: Reset DP data path
11 DP_AUX SOFT_RST 0: Normal operation
1: Reset DP AUX_CH logic
12 PPOL_BS OVR Bootstrap override enable for P_POL
13 PCONF0_BS OVR Bootstrap override enable for P_CONFO0
14 PCONF1_BS OVR Bootstrap override enable for P_CONF1
31:15 | Reserved Reserved
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3.9.2. IC Top-Level State Machine

The figure below shows the state machine to control the MCDP6000. This state machine changes the
MCDP6000 operation mode based on the configuration registers or pins. The MCDP6000 provides two
options to trigger the state change as explained in Section 3.9.3 and Section 3.9.4.

Figure 8. MCDP6000 Operation Mode State Machine

Power-On Reset

I {P_CONF1,0=11 or directed

{P_CONF1,0} =11
PORN=1 or directed

USB3.1+DP1.3
Retimer

Bootstrap = 00

POR Done
POR power-down
{P_CONF1,0}=01
or directed
{P_CONF1,0} =00

or directed
USB3.1 Retimer

{P_CONF1,0}=11
or directed

Low Power

{P_CONF1,0}=10
or directed

{P_CONF1,0} =10
or directed

DP1.3 Retimer

{P_CONF1,0}=10

or directed
Table 9. MCDP6000 Operating Mode
P_POL {P_CONF1, P_CONF0} Description
Don'’t care {0,0} Low power mode. (All blocks are powered down except configuration
pins and TWI slave.)
0 {0,1} USB only (normal orientation)
1 {0,1} USB only (flipped orientation)
0 {1,0} DisplayPort 4 lane; pin assignment C (normal orientation)
1 {1,0} DisplayPort 4 lane; pin assignment C (flipped orientation)
0 {1,1} USB + DisplayPort 2 lane; pin assignment D (normal orientation)
1 {1,1} USB + DisplayPort 2 lane; pin assignment D (flipped orientation)
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3.9.3. TWI Programmable Mode

The MCDP6000 operation mode should be controlled through the TWI programming interface in default. The
default state after the power-on is the USB 3.2 x1 Only mode. The MCDP6000 changes its state according
to the directives from the policy engine through TWI.

3.9.4. Stand-Alone Mode

The MCDP6000 also provides the three configuration pins for its operation mode. By enabling this feature
through TWI, P_POL and P_CONFO0/1 pins can be used to determine the operating mode. These pins
provide the controllability for the USB Type-C plug orientation and the pin assignment to users. The function
of P_POL and P_CONFO0/1 is shown in the table below.

Note: P_POL, P_CONFO0 and P_CONFT1 I/Os are designed to operate under 1.8 V in nominal case.
Connecting these I/0O with 3.3 V output buffer would cause damage.

3.9.5. Low Power Mode

The MCDP6000 enters into the low power mode when P_CONFO0/1 is set to 2’b00. Upon the power-up,
P_CONF should be 2’b00 for the lowest power consumption. Only P_CONF, P_POL, the TWI slave and the
register banks in always power-on domain are enabled in the low power mode. The MCDP6000 can be
programmed through the TWI for any required changes in the configuration of low power mode. When the
operating mode changes from other states to the low power mode, the MCDP6000 goes through the reset
cycle except for the register bank in always power-on domain.

The far-end termination detection of USB 3.2 x1 is not performed in the low power mode. In addition, the
receiver termination is not present; for example, the high impedance is present on the transmitter channel,

so that the USB link partner recognizes the missing USB link connection.

3.9.6. USB 3.2 x1 Retimer Operation

The MCDP6000 enters USB 3.2 x1-only mode during power-on-reset. Otherwise, the MCDP6000 enables
the USB 3.2 x1 retimer when P_CONFO is set to 1’b1.

The MCDP6000 starts far-end termination detection upon the activation of the USB 3.2 x1 retimer until the
receiver termination on the link partner is detected. Unless the MCDP6000 is directed to transit to the low
power state via P_CONF pins or detects the far-end receiver termination, the MCDP6000 stays in the
RX.detect state as described in the USB 3.2 x1 standard.

The MCDP6000 operates as BLR (Bit-Level Retimer) in SS mode and as SRIS (Separate Reference Clock
Independent SSC) in SSP mode.
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Note for PHY Capability LBPM handling

The MCDP6000 does not reset b4-b6 in PHY Capability LBPM while the received LBPMs are forwarded. If
the connected UFP device and DFP device are USB 3.2 x2 capable, LBPM handshake between the UFP
device and the DFP device will be established while the MCDP6000 stays Polling.SpeedDetect state. The
LTSSM in the UFP device and the DFP device will detect the tPollingActive Timeout in Polling.Active state,
then both devices will restart the next link training with Gen2 x 1 configuration.

BLR for SS mode

The BLR minimizes the propagation delay of the retimer data path while it still snoops the link commands and
a few other LMP (Link Management Packet) to participate in the link configuration process and the link power

management.

During the link training, the BLR transmitter may or may not enable SSC. The transmitter clock is synchronized

with the recovered clock in the Polling.TSx state.

The transmitter clock is synchronized with the recovered clock through a low pass filter of the phase code. As
this filter’s cut-off frequency is lower, the frequency to show the jitter transfer becomes lower. The filter
bandwidth is pre-programmed at 1 MHz.

SRIS for SSP mode

The SRIS transmits the data with its own reference clock independent of the recovered clock. Therefore, the
transmitter data does not include the jitter from the receiver side. The elasticity buffer compensates the clock
offset between the receiver and the transmitter by removing or adding SKP symbols.

The MCDP6000 also supports the synchronization of the transmitter clock with the recovered clock. In this
mode, the low frequency jitter is transferred, but the SKP symbol removal or addition rarely occurs since the

clock offset is not expected.
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3.9.7. DisplayPort Retimer Operation

The MCDP6000 operates as the DisplayPort 2 lane or 4 lane LT-tunable PHY repeater at the DisplayPort bit
rate of RBR, HBR, HBR2 and HBR3 when the P_CONF1 is set to 1’b1. The default is transparent mode as
defined in DisplayPort1.4a standard. The MCDP6000 can be set to non-transparent mode by writing AAh to
F0003h of the DPCD address. Non-transparent mode is allowed only when the DPCD revision is DPCD Rev.
1.4 or higher.

The HPD signal is not routed to the MCDP6000. The MCDP6000 transitions to the DP sink detected state
when P_CONF1 is set to 1’b1. The MCDP6000 supports DPCD version 1.4.

The MCDP6000 supports transparent mode and non-transparent mode.

Transparent Mode

The transparent mode is the default operating mode of the MCDP6000 when the DisplayPort alternate mode
is enabled and the MCDP6000 is used in the topology shown in Figure 7.

The MCDP6000 starts charging the AC coupling capacitors on the transmission lines of the main links and
AUX_CH as soon as P_CONF1 is set to 1'b1.

The MCDP6000 snoops some link configuration registers the same way as in snooping mode. However, the
MCDP6000 manipulates the received ADJUST_REQUEST_LANEx message from the sink device according
to its receiver link training status. When the MCDP6000 receiver is trained while the sink device receiver is
still not trained, the MCDP6000 manipulates the received ADJUST_REQUEST_LANEx message so that the
source device does not change the transmitter parameter. When the receiver of the MCDP6000 is not
trained when it receives the adjusted request, the MCDP6000 manipulates the received

ADJUST_REQUEST_LANEX based on its preprogrammed adjust request sequence.

The MCDP6000 manipulates TRAINING_LANEx_SET from the source device to be consistent with its
manipulation of ADJUST_REQUEST_LANEX.

The MCDP6000 changes its transmitter configuration based on the ADJUST_REQUEST_LANEX field, which
determines the DPTX’ voltage swing level and pre-emphasis magnitude.

Non-Transparent Mode

The MCDP6000 operates as defined in the section of the LT-tunable PHY repeater of DisplayPort1.4a.
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3.10. Power Supply

The MCDP6000 supports 1.8V and 1.2V supplies.

Note: There is no relationship between 1.8 V ramp-up timing and 1.2 V ramp-up timing. 1.2 V can be
supplied earlier than 1.8 V. Each power supply ramp-up time shall be between 200-us and 20-ms.

3.11. Power Consumption

Table 10. Power Consumption (Preliminary estimation in typical conditions)
IC Operation Mode State Power Consumption (mW)
Low Power Mode Low Power Mode 0.85
USB 3.2 x1 Only RX.detect 0.85
USB 3.2 x1 Only uo 290
USB 3.2 x1 Only U1 160
U2 (default) 3.2

USB 3.2 x1 Only

U2 (lower power U2 mode) | 0.85

USB 3.2 x1 Only u3 0.85
DisplayPort 4 lane DP_BR DO power state 460
(HBR3)

DisplayPort 4 lane DP_BR D3 power state 10
(HBR3)

USB + DisplayPort 2 lane Combination of USB 3.2 x1 | 520
DP_BR state and DisplayPort 2
lane DP_BR state
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3.12. System Interface

3.12.1. TWI

The TWI slave is intended for an external host controller to configure the MCDP6000 registers for certain use
cases. TWIis accessible in any operating mode. The TWI is compatible with 12C master device.

Note: SDA and SCL shall be pulled up to 3.3 V.

TWISLVO and TWISLV1 are designed to operate under 1.8V in nominal case. Connecting these I/0O
with a 3.3 V output buffer would cause damage.

TWI Device ID

The TWI of the MCDP6000 operates as the slave. Four device IDs can be supported. Each device’s ID is
determined by the TWISLVO and TWISLV1 pins as shown in the table below. The TWISLVO0/1 pull-up/down
status is detected by the MCDP6000 during the power-up sequence.

Table 11. TWI Device ID Configuration

TWISLV1 TWISLVO Slave ID

Pulled down to Ground Pulled down to Ground 0x14

Pulled down to Ground Pulled up to 1.8V 0x15
Pulled up to 1.8V Pulled down to Ground 0x16
Pulled up to 1.8V Pulled up to 1.8V 0x17

TWI Read / Write Access

The TWI access to the MCDP6000 is 32-bit write or read. All register accesses are on 32-bit word
boundaries. Address auto-increment is also allowed on 32-bit word boundary. Stop / Repeated start can be
used to change the base address to a new address definition.

The figure below shows typical write access:

1. Master sends Slave ID with write access.
2. Master sends lower byte of 16-bit register address.
3. Master sends higher bytes of 16-bit register address.
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4. Master sends data bytes to be written in order of lower byte to higher byte.

Figure 9. Write Access

SCL O Master to Slave
<:> Slave to Master

Cycle Start SlavelD RW_ADDR[7:0] RW_ADDR[15:8]

A6 A0 W ACK A7 A0 ACK A15 A8 ACK

vty ivd i iU Uy
OOCOOCOOCOOCOOCOOCOOCOOCOOCOOCOOCO00

DATAN[7:0] DATAN[15:8] DATAN[23:16] DATAR[31:24]

D7 DO ACK D15 D8 ACK D23 D16 ACK D31 D24 ACK

The figure below shows typical read access:

1. Master sends Slave ID with write access.
Master sends lower byte of 16-bit register address.
Master sends higher bytes of 16-bit register address.

Master sends re-start with read access.

o M 0N

Slave responds with data bytes.

Figure 10. Read Access

Cycle Start SlavelD RW_ADDR([7:0] RW_ADDR([15:8] >< Start SlavelD

A6 A0 W ACK A7 A0 ACK A15 A8 ACK A6 A0 R ACK

JUUUUUUUUUUUUUUUUUUU <:> Master to Slave

DATAn[7:0] DATAN[15:8] DATAn[23:16] DATAn[31:24]

<:> Slave to Master

D7 D0 ACK D15 D8 ACK D23 D16 ACK D31 D24 ACK
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3.12.2. XTAL Buffer Operation

When a crystal resonator is connected between the XIN pin and XOUT pin with the appropriate-sized loading
capacitors C1 and C2, the internal oscillator becomes active. A 25 MHz crystal oscillation is required to meet
the frequency requirements from the USB and DisplayPort.

Note: The size of C1 and C2 is determined from the crystal manufacturer's specification and by

compensating for the parasitic capacitance of the device and the printed circuit board traces. The
loading capacitors are terminated to the ground.

Figure 11. Internal Oscillator with an External Crystal
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Recommendation for the crystal is shown in the table below.

Table 12. Recommended Crystal Specifications
Parameters Specifications
Frequency 25.000 MHz
Operation mode Fundamental
Operating temperature -10°C to +70°C
Frequency tolerance @25C +/- 50 ppm max
Equivalent series resistance < 50 ohm

Suggested load capacitance value is 10pF ~ 12pF.
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3.12.8. Reference Clock Input

The MCDP6000 can also use the reference clock input. XIN can be the reference clock input buffer. When
the reference clock is used, XOUT has to be floated. Setting bit 30 of RETIMER_CONFIGS3 register (address
0x30C) enables the single-ended reference clock input buffer.

Table 13. Recommended Reference Clock Input Characteristics

Parameters Specifications

Frequency 25.000 MHz

Frequency tolerance @25C +/- 50 ppm max

Maximum Input Voltage 1.8V

3.12.4. Reference Clock Output

The MCDP6000 supports cascading the reference clock for the system which implements multiple USB
Type-C ports closely. The reference clock output can be enabled or disabled through the TWI register when
other USB Type-C ports do not require the reference clock. The MCDP6000 does not require the reference
clock in low-power mode, Rx.Detect, U2 and U3 state in USB 3.2 x1 Only mode. The MCDP6000 requires
the reference clock when DisplayPort channels are active or the USB 3.2 x1 is in another state other than
the Rx.Detect, U2 and U3 states.

Table 14. Reference Clock Output Characteristics
Frequency 25.000 MHz
Frequency tolerance @25C +/- 50 ppm max
Maximum output Voltage o9V
Load capacitance <5pF
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Figure 12. Cascading Reference Clock Across Multiple MCDP6000
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Note: To enable the reference clock cascading, MCDP6000 should be configured sequentially from
MCDP6000 (1) in Figure 12, followed by MCDP6000 (2).

Bit 30 and 31 shall be programmed to cascade the reference clock. Bit 30 is to use the single-end reference

clock instead of XTAL. Bit 31 is to output the single-end clock. Until the reference clock is available, the

MCDP6000 operates with internal ring oscillator.

Table 15. Reference Clock Configuration Register Definition
0x30C REFCLK_CONFIG RW
Reference clock configuration

BIT BIT NAME FUNCTION
29:0 Reserved Reserved
30 XTAL_REF_MODE 0: Normal operation (crystal driven mode) (Default)
1: Single-end reference clock receiver mode
31 REFOUT_EN REFOUT enable. Active high.

0: Disable REFOUT (Default)
1: Enable REFOUT
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4. Pin Description

Figure 13. MCDP6000 Ex-VQFN46 Pin Assignment (Top-View)
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I/O Legend:

| = Input; O = Output; P = Power, G = Ground; 10 = Bi-direction

Table 16. Pin Description

Ex-VQFN46 Name ‘IIO ‘Description

1 P_POL I USB Type-C plug orientation configuration pin
Low: normal orientation

High: flipped orientation

2 P_CONFO | | Bit 0 of operating mode configuration pin
3 P_CONF1 | | Bit 1 of operating mode configuration pin
4 ™ Test Mode pin. Internally pulled-down to GND.
5 XIN XTAL nodes.
XIN: When the oscillator clock is used as reference, connect to the
6 XOuT clock

XOUT: When the oscillator clock is used as reference, float this pin.

7 SCL TWI clock line. External pull-up required for TWI operation.

Leave NC when not used.

8 SDA 10 TWI data line. External pull-up required for TWI operation.

Leave NC when not used.

9 V12 P 1.2 V power supply.

10 V12 P 1.2 V power supply.

11 SSRXn (0] USB SSRX negative analog output. Should be connected with the
CPU SSRXn pin.

12 SSRXp (0] USB SSRX positive analog output. Should be connected with CPU’s
SSRXp pin.

13 SSTXn USB SSTX negative analog input. Should be connected with CPU’s
SSTXn pin.

14 SSTXp USB SSTX positive analog input Should be connected with CPU’s
SSTXp pin.

15 MLOp DisplayPort receiver main link Lane 0 positive analog input
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Ex-VQFN46 Name ‘ /10 ‘ Description

16 MLOn I DisplayPort receiver main link Lane 0 negative analog input

17 ML1p DisplayPort receiver main link Lane 1 positive analog input

18 ML1n DisplayPort receiver main link Lane 1 negative analog input

19 ML2p DisplayPort receiver main link Lane 2 positive analog input

20 ML2n DisplayPort receiver main link Lane 2 negative analog input

21 ML3p DisplayPort receiver main link Lane 3 positive analog input

22 ML3n DisplayPort receiver main link Lane 3 negative analog input

23 V12 P 1.2 V power supply.

24 V12 P 1.2 V power supply.

25 AUX_CHn | IO DisplayPort receiver auxiliary channel negative analog input/output.

26 AUX _CHp | IO DisplayPort receiver auxiliary channel positive analog input/output.

27 NC - Not Connect

28 NC - Not Connect

29 V18 P 1.8 V power supply

30 V18 P 1.8 V power supply

31 REFOUT (0] Reference clock output

32 SBU2 10 Side Band Use signal of USB Type-C. Mainly for DP AUX_CH.

33 SBU1 10 Side Band Use signal of USB Type-C. Mainly for DP AUX_CH.

34 Rx1p 10 USB Type-C Rx1 positive analog input in USB mode. DP ML3 or
MLO transmitter positive analog output in DP mode.

35 Rx1n 10 USB Type-C Rx1 negative analog input in USB mode. DP ML3 or
MLO transmitter negative analog output in DP mode.
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Ex-VQFN46 Name ‘ /10 ‘ Description

36 V12 P 1.2 V power supply.

37 Tx1p (0] USB Type-C Tx1 positive analog output in USB mode. DP ML2 or
ML1 transmitter positive analog output in DP mode.

38 Tx1n (0] USB Type-C Tx1 negative analog output in USB mode. DP ML2 or
ML1 transmitter negative analog output in DP mode.

39 V12 P 1.2 V power supply.

40 TX2n (0] USB Type-C TX2 negative analog output in USB mode. DP ML1 or
ML2 transmitter negative analog output in DP mode.

41 TX2p (0] USB Type-C TX2 positive analog output in USB mode. DP ML1 or
ML2 transmitter positive analog output in DP mode.

42 V12 P 1.2 V power supply.

43 RX2n 10 USB Type-C RX2 negative analog input in USB mode. DP MLO or
ML3 transmitter negative analog output in DP mode.

44 RX2p 10 USB Type-C RX2 positive analog input in USB mode. DP MLO or
ML3 transmitter positive analog output in DP mode.

45 TWISLVO I Bit 0 of TWI device ID

46 TWISLV1 I Bit 1 of TWI device ID
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5. Package Specification
Package type:

Ex-VQFN46 (6.5 x 4.5 x 1.0 mm, 46 pins, 0.40 mm pitch)

5.1. Package Drawing and Dimensions

Figure 14. MCDP6000 Ex-VQFN46 Package Outline Drawing (unit: mm)
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6. Marking Field Template and Descriptors

Figure 15. MCDP6000 Ex-VQFN46 Marking Template

MegaChips

M C D P 6 0 0 0 RIR

Y YWW X X XX E|S

Table 17. Field Descriptors

Field Description Marking
DOT Pin1 indicator DOT
Line 2 Company logo MegaChips
Line 3 Product Code + IC revision MCDP6000RR
YYWW Assembly Code (Work year + Work week) “Variant”
XXXX Identification number “Variant”
ES Fixed character only for ES, blank for MP ES
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7. Electrical Specifications

7.1. Absolute Maximum Ratings

Table 18. Absolute Maximum Ratings

Specifications “Unit| Min Typ Max Comments
1.2 V supply voltage \ -0.3 - 15
1.8 V supply voltage V -0.3 - 25
RF signal input voltage tolerance \ -0.3 - 1.4 USB SSTX, DP MLn
RF signal output voltage tolerance \ -0.3 - 1.4 %?E SSRX, TX1,
RF signal inout voltage tolerance \ -0.3 - 1.4 RX1, RX2
ESD Rating \ -1000 | - 1000 HBM, RF pins
ESD Rating Vv -2000 | - 2000 HBM, Other pins
Storage temperature °C -55 - 150

7.2. Device Operating Conditions

Table 19. Device Operating Conditions
Specifications Symbol Unit Min
Ambient operating temperature Ta °C 0 - 70
1.2 V supply voltage Viz \Y 1.14 1.20 1.26
1.8 V supply voltage Vis \ 1.65 1.80 1.95
Thermal resistance (Junction to Ambient) O °C/W | - - 36.6
Thermal resistance (Junction to Case) Bic °C/W | - - 19.5
Junction-to-top characterization parameter Wit °C/W | - - 0.30
Junction-to-board characterization parameter Wib °C/W | - - 10.3
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7.3. Electrical Characteristics

7.3.1. DC characteristics

Table 20. DC Characteristics

Specifications ' Symbol  Unit Min  Typ [
Supply Current in 4-Lane active mode (USB 3.2 x1 Gen2 + DisplayPort HBR3 2 lane)

vDD 1.8V la18 mA 10 13

vDD 1.2V lg12 mA 420 605

Supply Current in low power mode ({P_CONF1,P_CONF0}={0,0})

vDD 1.8V Is1s pA 70

vDD 1.2V Is12 pA 600

Open drain IO (SCL, SDA)

Input voltage Vpad \ 3 3.3 3.6

Input high voltage Vihod \ 2.4

Input low voltage Vilod \ 0.35

Output low Current lol mA 5.3 8.7 10.7 At Vol = 0.4V

Schmitt trigger pins (TWISLV0/1)

Positive Going Threshold Voltage Vi \ 0.4 Vis 0.7 Vis Vout >= Vor(min)
Negative Going Threshold Voltage Vi \ 0.3 Vis 0.6 Vis Vout <= VoL(max)
Hysteresis Voltage Vh \ 0.1 Vis 0.5 Vis Vis - Vi

Input low current liLst uA 10

Input high current lIHst uA 10

P_CONFO0/1, P_POL

Input low voltage Vi \ -0.3 0.3 Vis
Input high voltage ViH \ 0.65 Vis V18+0.3
Input low current I uA 10
Input high current liH uA 10
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7.3.2. DisplayPort transmitter

AC characteristics parameters are guaranteed by the silicon characterization across operating condition

unless otherwise specified. Not all parameters are tested in the production test.

Table 21. DisplayPort transmitter characteristics

Parameter Symbol ~ Unit Min Typ Max Comments

DisplayPort Main-Link transmitter system parameters (Type-C interface in DP mode)

Differential output voltage range VTX_DIF_PP_RANGE \Y 1.05

Termination control range RTX_TERM_RANGE ohm 80 120

Frequency for high bit rate 3 fHBR3 Gbps 8.1

Frequency for high bit rate 2 fuBR2 Gbps 54

Frequency for high bit rate fueR Gbps 2.7

Frequency for reduced bit rate frReR Gbps 1.62

Link clock down-spreading amplitude SSCoprx_amp % 0 0.5

Link clock down-spreading frequency SSCoprx_FREQ kHz 30 33

AC coupling capacitor Crx_pp nF 75 265

HBR3/HBR2 transmitter TP2 parameters

Ratio of Voltage Swing (VSL[1]/VSL[0]) RvsL_1_0_HBR3_2 dB 1.6 45

] ] Calculated

Ratio of Voltage Swing (VSL[2]/VSL[0]) RvsL_2_0_HBR3_2 dB 3.2 7.0 using
measured

Ratio of Voltage Swing (VSL[3]/VSL[0]) RvsL_3_0_HBR3_2 dB 4.8 10.5 value of 1st
harmonic of

Ratio of Voltage Swing (VSL[2)/VSL[1]) RVSL 2 1_HBR3 2 dB 1.1 FFT at
TX_EOL[0]

Ratio of Voltage Swing (VSL[3]/VSL[2]) RvsL_3 2 HBR3_2 dB 1.1

Delta of TX Pre-emphasis

TX_EQL{JTX_EQL[0] AEQL_1_0_HBR3_2 dB 1.3 4.0
Calculated

Delta of TX Pre-emphasis using

TX_EQL2JTX_EQL[0] Aeal 2 0 HBR3_ 2 dB 2.4 6.0 measured
value of 1st

Delta of TX Pre-emphasis and 5™

TX_EQL[3)/TX_EQL[0] AeaLsotersz | dB 3.5 8.0 harmonics of
FFT

Delta of TX Pre-emphasis AcaL 2 1 HeRa 2 dB 0.7

TX_EQL[2)/TX_EQL[1]
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Parameter Symbol ~ Unit Min Typ Max Comments
Delta of TX Pre-emphasis
TX_EQL[3)TX_EQL[2] AeqL_3 2 HBR3_2 dB 0.7
HBR/RBR transmitter TP2 parameters
Ratio of Output Voltage Level 1/Level 0 | RvsL 1 0 Her rsr | dB 08 6.0 ('\)"neﬁf)‘;r_ed
transition
Ratio of Output Voltage Level 2/Level 1 RvsL 2 1_HBR_RBR dB 0.1 5.1 bits at Pre-
emphasis
Ratio of Qutput Voltage Level 3/Level 2 RvsL 3 2 HBR RBR | dB 0.8 6.0 Level 0
setting.
Maximum Pre-emphasis when disabled Reaq_pisaBLE dB 0.25
Delta of Pre-emphasis Level 1 vs. Level 0 | AeaL 1_0_HBR RBR dB 2
Delta of Pre-emphasis Level 2 vs. Level 1 | AeaL 2 1_HBR RBR dB 1.6
Delta of Pre-emphasis Level 3 vs. Level 2 | AeaL 3 2 HBR RBR dB 1.6
HBR3 transmitter TP3_CTLE parameters
Measured at
Total jitter TTX_TJ_TPS4_HBR3 muUl 470 BER 106
with TPS4
Measured at
Non-ISlI jitter JTX Nonisl_Tps4_HBr3 | mUI 230 BER 106
with TPS4
Eye height VHEIGHT_HBR3 mV 65
HBR2 transmitter TP3_EQ parameters
Measured at
Total jitter Ttx_TJ_cp2s20 HBR2 | mUI 620 BER 10°°
with CP2520
Random Jitter RJ_HBR2 muUl 230
Eye height VHEIGHT_HBR2 mV 90
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7.3.3. DisplayPort receiver
AC characteristics parameters are guaranteed by the silicon characterization across operating condition
unless otherwise specified. Not all parameters are tested in the production test.

Table 22. DisplayPort receiver characteristics

Parameter Symbol ~ Unit Min Typ Max Comments

DisplayPort Main-Link receiver system parameters

Termination control range RTx_TERM_RANGE ohm 80 120
Frequency for high bit rate 3 fHBRs Gbps 8.1

Frequency for high bit rate 2 fHBR2 Gbps 5.4

Frequency for high bit rate fusr Gbps 2.7
Frequency for reduced bit rate frBR Gbps 1.62

Link clock down-spreading amplitude SSCoprx_amp % 0 0.5
Link clock down-spreading frequency SSCoprx_FREQ kHz 30 33

HBRS3 DisplayPort Main-Link Receiver TP3_EQ parameters

Measured at

Minimum Receiver Eye width THBR3_EYE_TPS3EQ muUl 380 10°BER
RX differential peak-to-peak Eye voltage VRX_DIF_PP_MIN_HBR3 | MV 40
Random Jitter TRX_RJ_TPS4_HBR3 muUl 130
Minimum Receiver Non-ISI jitter TrRX_NON_ISI_HBR3 muUl 380
HBR2 DisplayPort Main-Link Receiver TP3_EQ parameters

- . ) Measured
Minimum Receiver Eye width THBR2_EYE_TPS3EQ muUl 380 at 10° BER
RX differential peak-to-peak Eye voltage VRx_DIF_PP_MIN_HBR2 | MV 70
HBR DisplayPort Main-Link Receiver TP3_EQ parameters

. . . Measured
Minimum Receiver Eye width THBR_EYE_TPS3EQ mUl 509 at 10°BER
RX differential peak-to-peak Eye voltage VRx_DIF_PP_MIN_HBR | MV 150
RBR DisplayPort Main-Link Receiver TP3 parameters

- . . Measured
Minimum Receiver Eye width THBR_EYE_TPS3EQ muUl 250 at 10° BER
RX differential peak-to-peak Eye voltage VRx_DIF_PP_MIN_HBR | MV 46
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7.3.4. DisplayPort AUX_CH

AC characteristics parameters are guaranteed by the silicon characterization across operating condition
unless otherwise specified. Not all parameters are tested in the production test.

Parameter ~ Symbol Unit Min Typ Max Comments
Manchester transaction unit interval Ulaux_man us 0.4 0.6

Number of pre-charge pulses NPRE_CHARGE_PULSE 10 16

AUX CH bus park time Taux_BUS_PARK ns 10

AUX peak-to-peak voltage at transmitter VAUX_DIFFp-p_TX \Y 0.29 | 040 | 1.38

AUX peak-to-peak voltage at receiver VAUX_DIFFp_p_RX \ 0.27 1.36

AUX CH termination Raux_TERM ohm 100

AUX_DC common mode voltage VAUX_TURN_GM Vv 0 3.6

AUX turn-around common mode voltage VAUX_TURN_CM \ 0.3

AC coupling capacitor Caux nF 75 200
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7.3.5. USB 3.2 x1 transmitter

AC characteristics parameters are guaranteed by the silicon characterization across operating condition
unless otherwise specified. Not all parameters are tested in the production test.

Table 23. USB 3.2 x1 transmitter characteristics

Parameter Symbol Unit Min Typ Max Comments
USB 3.2 x1 transmitter (SSRX pin and Type-C interface in USB mode)

Unit interval in Gen1 Uluss_Gent ps 199.94 200.46
Unit interval in Gen2 Uluss_cenz ps 99.97 100.03
AC coupling capacitor Crx_uss nF 75 265
SSC deviation tssc_FREQ_DEVIATION | ppm 0 -5000
Modulation rate tssc_moDp_RATE kHz 30 33
Differential peak-to-peak voltage swing VUsB_TX_DIFF_PP \ 0.8 1.0
De-emphasis in Gen1 VTX_DE_RATIO_GEN1 dB 3.0 4.0
Preshoot in Gen2 V1x_Ps_RATIO dB 1.2 3.2
De-emphasis in Gen2 VTX_DE_RATIO_GEN2 dB 2.1 4.1

DC differential impedance Rtx_pIFF_pc Ohm 72 120
nge gtrirg?]unt of voltage change during Rx VTx_ RGOV DETECT Vv 06
Maximum slew rate tcDR_SLEW RATE ms/S 10 In Gen1
SSC df/dt SSCafat ppm/us 1250 In Gen2
Eye height at TP4 in Gen1 VEYE_HEIGHT_GEN1 mV 100 1000
Eye height at TP4 in Gen2 VEYE_HEIGHT_GEN2 mV 70 1000
Deterministic jitter at TP4 in Gen1 DjusB_GENt muUl 430
Deterministic jitter at TP4 in Gen2 Djuse_cenz muUl 530
RMS Random jitter at TP4 in Gen1 Rjuss_Gent ps 3.22
RMS Deterministic jitter at TP4 in Gen2 Djuss_genz ps 1

Total jitter at TP4 in Gen1 TjusB_GENt muUl 660
Total jitter at TP4 in Gen2 TjusB_GENt muUl 671
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Parameter Symbol Unit Min Typ Max Comments
LFPS tPeriod tPeriod ns 20 80

LFPS peak-to-peak differential amplitude VTX_DIFF_PP_LFPS mV 800 1000

LFPS duty cycle Touty_LFPs Y% 40 60

7.3.6. USB 3.2 x1 receiver

AC characteristics parameters are guaranteed by the silicon characterization across operating condition
unless otherwise specified. Not all parameters are tested in the production test.

Table 24. USB 3.2 x1 receiver characteristics

Parameter Symbol Unit Min Typ Max Comments

USB 3.2 x1 receiver (SSTX pin and Type-C interface in USB mode)

Unit interval in Gen1 Uluse_geNt ps 199.94 200.46
Unit interval in Gen2 Uluse_genz2 ps 99.97 100.23
SSC deviation {ssc_FREQ_DEVIATION | ppm 0 -5000
Modulation rate tssc_moDp_RATE kHz 30 33
Receiver DC common mode impedance Rrx_pc ohm 18 30

DC differential impedance RRrx_piFr_pc ohm 72 120
Receiver high-impedance ZRx_HIGH_IMP_DC_POs | ohm 10k

LFPS detect threshold VRX_LFPS_DET_DIFFpp | MV 100 300
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7.3.7. TWI Timing

Table 25. TWI Timing
Symbol Parameter Min Max Unit
FSCL SCL Clock Frequency 400 1000 KHz
tSP Pulse width of spikes that must be suppressed by the 50 ns
input filter
tLOW LOW period of the SCL clock 0.5 - us
tHIGH HIGH period of the SCL clock 0.26 - us
thd: DAT Data hold time 0 - us
tSU :DAT Data se t-up time 50 - ns
tR Rise time of both SDA and SCL signals - 120 ns
tF Fall time of both SDA and SCL signals 20x 120 ns
(VDD /5.5)
tBUF Bus free time between a STOP and START condition | 0.5 - us
CB Capacitance load for each bus line - 550 pF
tvD: DAT Data valid time - 0.45 us
tVD: ACK Data valid acknowledge time - 0.45 us

8. Ordering Information

Part Number

MCDP6000C1E

Engineering sample. (QFN)

All updates to address the Appendix.E update will be implemented.

Description

9. References

1. Universal Serial Bus 3.2 Specification Revision 1.0 Sep 22, 2017

o M w0 DN

VESA DisplayPort (DP) Standard Version 1.4a 19 April, 2018

Universal Serial Bus Type-C Cable and Connector Specification Revision 1.3 July 4, 2017

VESA DisplayPort Alt Mode on USB Type-C Standard Version 1.0 22 September, 2014
EIAJ ED-5003A
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10. Revision history
Table 26. Document revision history
Revision Revision Date Summary of Change
1.0.0 June 1, 2017 Initial Release
1.0.1 August 25, 2017 Decline DCI feature
1.0.2 October 13, 2017 Rename the pin #27 and #28

Updated section 9.

1.0.3 October 19, 2017 Update package POD

1.0.4 February 27, 2018 Fix typos

Changes from USB3.1 to USB3.2 x1

Changes from DP1.4 to DP1.4a

DCl is removed from the feature set

Change 12C slave to 12C compatible Two wire interface slave
Section 3.6: Figure 7 is updated.

Section 3.9.1: Bootstrap description is updated and operation
mode register is added

Section 3.9.6: USB PHY Capability LBPM handling note is added
Section 3.11: power consumption is updated

Section 3.12.1: XTAL recommendation is updated.

Section 4: Pin description is updated.

Section 6: Marking spec will be updated.

Section 7: DC characteristics table is updated. AC characteristics
tables are added.

Section 8: Part number is updated.

1.0.5 June 18t 2018 Remove 1.8V single supply option
1.0.6 June 19, 2018 Update Section 6
1.0.7 November 21st, 2018 | Add section 3.7.1

Modify section 3.8.1
Update the ordering information
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Notice

Semiconductor products may possibly experience breakdown or malfunction. Adequate care should be taken with respect to the safety design of equipment in order

to prevent the occurrence of human injury, fire or social loss in the event of breakdown or malfunction of semiconductor products

The overview of operations and illustration of applications described in this document indicate the conceptual method of use of the semiconductor product and do not
guarantee operability in equipment in which the product is actually used.

The names of companies and trademarks stated in this document are registered trademarks of the relevant companies.

MegaChips Co. provides no guarantees nor grants any implementation rights with respect to industrial property rights, intellectual property rights and other such rights
belonging to third parties or/and MegaChips Co. in the use of products and of technical information including information on the overview of operations and the circuit

diagrams that are described in this document.

The product described in this document may possibly be considered goods or technology regulated by the Foreign Currency and Foreign Trade Control Law. In the

event such law applies, export license will be required under said law when exporting the product. This regulation shall be valid in Japan domestic.

In the event the intention is to use the product described in this document in applications that require an extremely high standard of reliability such as nuclear
systems, aerospace equipment or medical equipment for life support, please contact the sales department of MegaChips Co. in advance.

Allinformation contained in this document is subject to change without notice.

Copyright © 2016 MegaChips Corporation all rights reserved

Contact

MegaChips Corporation
MegaChips Corporation San Jose Office
Head Quarters 2755 Orchard Parkway, San Jose, CA 95134 U.S.A.
1-1-1 Miyahara, Yodogawa-Ku Osaka 532-0003, Japan TEL: +1-408-570-0555
TEL: +81-6-6399-2884 ] .

MegaChips Corporation
MegaChips Corporation Taiwan Branch _
Tokyo Office RM. B 2F, Worldwide House,lNo..129, .
17-6 Ichiban-cho, Chiyoda-ku, Tokyo 102-0082, Japan Min Sheng E. Rd., Sec. 3, Taipei 105, Taiwan
TEL: +81-3-3512-5080 TEL: +886-2-2547-1297
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