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Summary

This application note provides an FPGA implementation of a high-speed mobile industry
processor interface (MIPI) D-PHY solution for 2.5G. The solution uses GTH transceivers in the
UltraScale™ or UltraScale+™ FPGA families and SelectlO™ technology, with simple external
circuits to comply with the MIPI Alliance specification for D-PHY, version 2.1 [Ref 1]. The
application note is based on the GTH transceiver in UltraScale FPGAs, and describes how to
implement the solution in depth. This MIPI D-PHY solution is also applicable to

UltraScale+ FPGAs. To implement this solution with other Xilinx transceiver technology, or to
exceed the 2.5G design, contact the authors to reevaluate your scheme. This application note
assumes that you are familiar with UltraScale Architecture GTH Transceivers User Guide (UG576)
[Ref 2], MIPI D-PHY v4.1 Product Guide (PG202) [Ref 3], and D-PHY Solutions (XAPP894) [Ref 4].

IMPORTANT: This application note is targeted at applications with line rates ranging from 100 Mb/s to
2.5 Gb/s. For lower speed applications, such as less than 1.5 Gb/s, refer to MIPI D-PHY v4.1 Product Guide
(PG202) and D-PHY Solutions (XAPP894).

Porting the Design from UltraScale to UltraScale+ FPGAs describes in detail the design method
and the differences between the UltraScale and UltraScale+ FPGA GTH transceiver
implementations.

Download the reference design files for this application note from the Xilinx website. For
detailed information about the design files, see Reference Design.

Introduction

MIPI is a serial communication interface specification promoted by the MIPI alliance. An FPGA
MIPI implementation provides a standard connection medium for cameras and displays
referred to as a camera serial interface (CSI) or display serial interface (DSI). Both interface
standards use the D-PHY specification, which provides a flexible, low-cost, high-speed serial
interface solution.

Most Xilinx FPGAs do not yet have I/O that can natively support D-PHY, except in the
UltraScale+ FPGAs. Connecting MIPI-equipped camera and display components requires
implementing the D-PHY hardware specification with discrete components outside the FPGA
lane side (see Figure 1). A design that functions as the lane control logic of the D-PHY as shown
in Figure 1 can be implemented inside the FPGA.
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Figure 1: D-PHY Overview

The line rate that the MIPI interface can support is also gradually developing towards 2.5G or
higher (such as Table 1) to support the 4K, 8K, and even higher resolution images. It is also
difficult to achieve this standard using SelectlO technology. A more advanced technology is
needed to meet the higher speed requirements of the MIPI interface.
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Table 1: D-PHY Version Integration and Downward Compatibility

RX D-PHY Specification Version
D-PHY v2.1 D-PHY v2.0 D-PHY v1.2 D-PHY v1.1 D-PHY v1.0
< < < < <
0 2 0 2 0 2 0 2 0 2
N - N - N - N - N -
o X o X o X o X o N
® = ° = ° = ° = ° =
(] o ] o ] o ] o ] (=
Q. - Q. - Q. - Q. - Q. -
% S v S % S % 2 v S
X Q X Q X o X Q X Q
© = © = © = © X~ © X~
= ] = ] S ] S ] S ]
[a] [a] [a] [a] [a]

c D-PHY

g V1.0 1.0 - 1.0 - 1.0 - 1.0 - 1.0 -

o

S D-PHY ~ ~ ~ ~ ~

: Vil 1.5 1.5 1.5 1.5 1.0

§ D-PHY 2.5 Yes 2.5 Yes 2.5 Yes 15 _ 10 _

5 vl.2 15 - 15 - 15 -

[}

- D-PHY @ 45 Yes 4.5 Yes 2.5 Yes L ) Lo )

E v2.0 15 - 15 - 15 - ' '

:‘ D-PHY @ 45 Yes 4.5 Yes 2.5 Yes s ) Lo )

- v2.1 15 - 15 - 15 - ' '

Notes:
1. Cells containing dashes (-) indicate that deskew initialization is not required.

DSI and CSI

The DSl is a high-speed serial interface between a peripheral, such as an active-matrix display
module, and a host processor. The DSI uses D-PHY as a physical communication layer.
Information transfer between the host and a peripheral can consist of one or more serial data
lanes and a clock lane.

Between transceiver sessions, the differential data/clock lane or lanes can switch to and from a
low-power (LP) transceiver state. Interfaces should be in the idle state when they are not
actively transmitting or receiving high-speed data. Figure 2 illustrates the basic structure of a
high-speed transmission. A DSI interface can have 1, 2, 3, or 4 data lanes. Wider interfaces are
organized as multiples of 1, 2, 3, or 4 lanes (for example, 8 data lanes can be generated as 1 x 8
lanes or 2 x 4 data lanes).

ﬁ IMPORTANT: Eight data lanes can only be generated as 2 x 4 data lanes in the 2.5G MIPI D-PHY solution.
Data lane 0 is NOT bidirectional.

Only data lane zero can support bidirectional data transfer via low-power data transmission.
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Figure 2: Typical DSI Interface Structure

All links between the host and the display peripheral are unidirectional, from host or master to
display peripheral or slave. Only data lane zero can be bidirectional in the LP state.

The CSI is a high-speed serial interface between a peripheral, such as a camera, and a host
processor. CSI also uses D-PHY as a physical layer interface as specified by the MIPI alliance.
Figure 3 illustrates the connections between the CSI transmitter and the receiver interface. A
CSI interface can have 1, 2, 3, or 4 data lanes. If more data lanes are necessary, the interface is
organized as a multiple of 1, 2, 3, or 4 lanes (for example, 8 data lanes can be generated as 1 x 8
lanes or as 2 x 4 data lanes).
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Figure 3: Typical CSI Interface Structure

The CSI transmission interface is composed of up to eight unidirectional differential serial lanes
and a clock lane running in high-speed (HS) mode. Transmitters and receivers support

continuous clock behavior and, optionally, non-continuous clock behavior. The control interface
(referred to as CCI in Figure 3) is a bidirectional control interface and operates in the LP state.
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Note: If the MIPI design does not support system synchronization clock mode between transmitters and
receivers, only continuous clock mode can be supported for the 2.5G MIPI D-PHY solution. For more
information, see D-PHY Equivalent.

D-PHY

Traditionally, interfaces between components on a printed circuit board (PCB) are based on
single-ended parallel buses at low bit rates (LVCMOS), differential high-speed serial buses, or
single differential channels.

The D-PHY provides an extension to this structure by turning the low-speed, low-power
interface to the serial format of the high-speed differential interface, so that both are combined
into a single serial interface. With this method, the D-PHY provides a flexible high-speed
differential and low-speed, low-power single-ended serial interface solution for
interconnection between components within one product.

The D-PHY specification is written with application specific standard products (ASSPs) or ASIC
implementations in mind. It includes and combines scalable low-voltage signaling (SLVS)
(high-speed) and LVCMOS (low-power) I/O into a single differential pair of wires (see Figure 1).
As previously mentioned, FPGAs do not yet support native D-PHY-compliant I/O except in
UltraScale+ FPGAs.

This application note presents a new method of supporting high-speed 2.5G MIPI on FPGAs
with the simplest peripherals. The physical D-PHY specifications are listed in Table 2.

Table 2: D-PHY Specifications

Parameter Value

Minimum number of data pins per direction 4
Minimum configuration 4 pins half duplex
Minimal UniPro configuration 8 pins
Medium < 300 mm PCB, flex or micro coax
Data rate per lane: 2.5 Gb/s
Maximal HS rate 2.5 Gb/s
Minimal HS rate < 80 Mb/s
LP rate < 20 Mb/s
Electrical signaling:

HS SLVS-400

LP LVCMOS-1.2V
HS clocking method DDR source synchronous
HS line coding None or 8B9B
Receiver clock data recovery (CDR) required No
Suited for optical or repeater No
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100 MHz to 2.5G High-Speed D-PHY Emulation

This application note provides a solution for connecting an FPGA to a MIPI-compatible device.
This is accomplished external to the FPGA 1/O interface design to fully or partially emulate the
D-PHY functionality. The decision to use fully or partially supported D-PHY specifications
should be made based on cost, quantity, performance, and other design specific criteria. This
application note only provides application possibilities.

Although the basic D-PHY emulation circuit can support bidirectional data and clock lanes,
most customers and Xilinx have chosen to only support unidirectional functionality.

As shown in Figure 1, the D-PHY has two distinct functions:

« Lane control and interface logic (LCIL)

« Lane side logic (LSL)

This application note focuses on the PMA (PHY) side. Refer to the MIPI interface logic
hierarchical design of MIPI D-PHY v4.1 Product Guide (PG202) [Ref 3] reproduced in Figure 4,
providing the I/O circuit and lane side logic reference design of the PMA layer. It also includes
the design methodology of these two parts. The physical coding sublayer (PCS) design is not
included in this application note.

Note: The reference design has been tested with Xilinx partner Northwest Logic's CSI-2 Controller Core
V2 and DSI-2 Controller Core. To test with another vendor’s D-PHY PCS, contact Xilinx sales to reassess
the solution.
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Figure 4: MIPI D-PHY TX (Master) Core Architecture for 7 Series FPGA Family
The following summarize the key features of the 2.5G D-PHY PMA:

« The FPGA I/O can support the time-sharing transmission of LP and HS signals on the same
physical channel of the PCB, and ensure the integrity of the signal quality, conforming to
the D-PHY electrical specifications.

« The design meets the timing requirements of the D-PHY specification and switches LP and
HS signals correctly.

Before UltraScale+ FPGAs, the traditional D-PHY solution connected the HS signal to the
differential standard of the FPGA, connected the LP signal to the LVCOMS 1/O, and then adapted
to the same physical channel by the resistor bridge on the PCB. At the same time, the PCS layer
logic was based on the recognition of the protocol layer by analysis data, supported the signal
being switched between the differential I/O and the LVCMOS, and realized the 800 Mb/s D-PHY
interface standard (refer to D-PHY Solutions (XAPP894) [Ref 4]).

The UltraScale+ FPGA integrated the D-PHY buffer driver in the I/O block (I0OB), which directly
supports the LP and HS signals transmitted on a pair of SelectIO interfaces (refer to MIPI D-PHY
v4.1 Product Guide (PG202) [Ref 3]).
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The reference design accompanying this application note is similar to the one for D-PHY
Solutions (XAPP894). However, it uses GTH transceivers instead of traditional differential I/O and
also contains some advanced technology in the GTH transceivers to achieve a 2.5 Gb/s line rate
high-speed D-PHY interface.

Note: The GTH transmitter can drive a 50Q load referenced to GND with DC coupling.

The QPI sensors of the GTH receiver support the MIPI LP signal input directly. The equalizer of
the GTH receiver supports up to a 6 dB stressed eye-diagram. The GTH receiver supports 5x
oversampling to support a burst data stream in the MIPL. The CDR in the GTH receiver can be
controlled manually. Thus, a manual CDR can be created to simplify the design for the
asynchronous clock mode of the MIPI interfaces at reduced cost.

The following is a summary of the design methodology:

« The circuit design meets electrical characteristics and ensures signal integrity:

- TXside: High-speed field effect transistor (FET) switches replace resistor networks to
connect GTH (HS) and SelectIO (LP) signals to the same PCB channel (see Figure 10).

»  RX side: GTH transceiver with embedded Quick Path Interconnect (QPI) unit real-time
detection line level allows for automatic switching between LP and HS data channel,
and direct simulation of D-PHY driver behavior connecting to the standard MIPI
interface. No external circuit is needed (see Figure 11).

The technology in the GTH transceiver guarantees the receiving and transmitting ability of
the HS signal in the 2.5G range.

« Lane side logic design - HS and LP signal switching:

- TX side: The PCS layer logic determines the transmission state of the transmitted data
according to the D-PHY protocol and sends out the channel selection signal (SEL). The
HS and LP signal switching is realized through the PMA layer through the SEL signal to
the SEL pin of the FET switch.

Note: Because the data channel and the clock channel LP and HS switch timing is not exactly the
same, and the CLK channel cannot be interrupted in continuous clock mode, the clock channel and
the data channel need an independent FET switch. Two separate SEL signals are sent out from the
MIPI control logic.

. RX side: Based on the difference of HS and LP level standards, the transceiver QPI unit
detects the line level status in real time and automatically sends data to the LP and HS
data channel within the transceiver. The PMA layer transmits an LP signal to the PC
layer. The PCS layer needs to monitor the LP channel state to generate a data mask
signal so that the output HS signal from the PMA layer is collected correctly in the PCS
layer.

Note: On the FPGA side, the MIPI CLK channel is transmitted directly through the GTH transceiver
without connecting to a separate FPGA I/O clock pin.

When the receiving channel switches to the HS signal, the data received by the internal LP
data channel is always 0. More information can be seen in the logical design section in
D-PHY Equivalent.
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As shown in Figure 5, according to the D-PHY interface timing standard, the PCS layer on the
sending side can indicate FET-switch switching by analyzing the Tys_sgrri e @and Ths.TraqL Status.
Considering the timing requirements of the data channel and clock channel, there is a limit for
FET switching time. For more information, see TX Circuit Design Guidance.
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Figure 5: High-Speed Data Transmission in Bursts/Switching the Clock Lane between Transmission and

Low-Power Mode
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The differential high-speed part of the D-PHY can be mimicked by an FPGA using differential
high-speed I/0O such as LVDS and DIFF_HSTL or differential HSTL. In all cases, the 1/O levels of
the FPGA need to be adapted to the low-swing, SLVS style 1/O specified for the D-PHY.
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D-PHY High-Speed 1/0 Specifications

Table 3 shows the D-PHY high-speed 1/O specifications stipulated in the MIPI Alliance

& XILINX.

specification for D-PHY. These meet the specifications for the SLVS standard in the JESD 8-13
SLVS specification [Ref 5].

When an FPGA is used to mimic a D-PHY, the differential FPGA standards used must meet these
SLVS specifications. This section highlights the differential FPGA standards that can be used,
with some external signal shaping components, as a D-PHY compliant solution.

Table 3: D-PHY HS Transmitter DC Specifications
Parameter Description Minimum | Nominal | Maximum | Units
Transmitter
EQTX1() De-emphasis option 1 2.5 35 4.5 DB
EQTX2() De-emphasis option 2 6 7 8 DB
VCMTX@) HS transmit static common 150 200 250 mV
mode voltage
VCMTX_HalfSwing(@®) | HS transmit static 75 100 250 mV
common-mode voltage in half
swing mode
|[AVCMTX(1,0)|3) VCMTX mismatch when output 5 mV
is differential-1 or differential-0
|[vOD|@) HS transmit differential voltage 140 200 270 mV
|[VOD_HalfSwing|(2)(4) HS transmit differential voltage 70 100 135 mV
in half-swing mode
|AVOD|3) VOD mismatch when output is 14 mV
differential-1 or differential-0
VOHHS®) HS output high voltage 360 mV
Z0S Single-ended output 40 50 62.5
impedance
AZQOS Single-ended output 20 %
impedance mismatch
Notes:

1. When the supported data rate is greater than 2.5 Gb/s, conformance requirements for the transmitter are defined
through the eye diagram. The values for equalization in this table are informative.

2. This is the value when driving into load impedance anywhere in the ZID range.

3. A transmitter should minimize AVOD and AVCMTX(1,0) to minimize radiation and optimize signal integrity.

4. Half swing mode is optional. It is an additional capability that a transmitter can support for better system power

optimization.

www.Xilinx.com

Table 4: D-PHY HS Transmitter AC Specifications
Parameter Description Minimum Nominal Maximum Units Notes
AVCMTX (HF) Common-levelvariations 15 mMVRrms
above 450 MHz
AVCMTX (LF) Common-level variation 25 mMVpEak
between 50-450 MHz
XAPP1339 (v1.0) October 31, 2018 10
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Table 4: D-PHY HS Transmitter AC Specifications (Cont’d)
Parameter Description Minimum Nominal Maximum Units Notes
tg and tg 20%-80% rise time and 0.3 U) (12
fall time 035 UI 10G)
100 ps 4)
Notes:

1. Ulis equal to 1/(2 x fh), where fh is the fundamental frequency of the operating data rate.

. This is applicable when supporting maximum HS bit rates < 1 Gb/s (Ul > 1 ns).

2
3. This is applicable when supporting maximum HS bit rates > 1 Gb/s (Ul < 1 ns) but < 1.5 Gb/s (Ul > 0.667 ns).
4

. This is applicable when supporting maximum HS bit rates < 1.5 Gb/s. However, to avoid excessive radiation, bit rates <
1 Gb/s (Ul > 1 ns) should not use values below 150 ps.

Table 5: D-PHY HS Receiver DC Specifications
Parameter Description Minimum Nominal Maximum Units

VCMRX (DC)@) | Common mode voltage HS receive 70 330 mV
mode

ZID Differential input impedance 80 100 12503) Q

ZID_OPEN Differential input impedance in 10K Q
unterminated mode(®

Notes:

1. This excludes possible additional RF interference of 100 mV peak sine wave beyond 450 MHz.
2. This table value includes a ground difference of 50 mV between the transmitter and the receiver, the static

common-mode level tolerance, and variations below 450 MHz.

3. ZID can be higher than 125Q in unterminated mode.

4. Unterminated mode for HS-RX is optional. This mode can only be used when a transmitter is in half swing mode.
ZID_OPEN is defined for a differential voltage with maximum amplitude of [VOD_HalfSwing| and within the common
voltage range of VCMTX_HalfSwing.

Table 6: D-PHY HS Receiver AC Specifications
Parameter Description Minimum | Nominal | Maximum | Units | Notes

AVCMRX (HF) | Common-mode interference 100 mV )5)
beyond 450 MHz 50 mv 2)6)

AVCMRX (LF) Common-mode interference -50 50 mV MHG)
50-450 MHz s o VR RETTIS

VIDTH Differential input high 70 mvV )
threshold 20 my ©)

VIDTL Differential input low -70 mV )
threshold 40 mv ©)

VIHHS Single-ended input high 460 mV )
voltage

VILHS Single-ended input low -40 mV @
voltage

ZTERM-EN Single-ended threshold for HS 450 mV
termination enable

XAPP1339 (v1.0) October 31, 2018 11
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Table 6: D-PHY HS Receiver AC Specifications (Cont’d)

Parameter Description Minimum | Nominal | Maximum | Units | Notes
Cem Common-mode termination 60 pF ®)
Notes:

1. This excludes “static” ground shift of 50 mV.

2. AVCMRX(HF) is the peak amplitude of a sine wave superimposed on the receiver inputs.

3. For higher bit rates, a 14 pF capacitor is needed to meet the common-mode return loss specification.
4. The voltage difference is compared to the DC average common-mode potential.

5. This is for devices supporting data rates < 1.5 Gb/s.

6. This is for devices supporting data rates > 1.5 Gb/s.

7. This excludes possible additional RF interference of 100 mV peak sine wave beyond 450 MHz.

VCMTX, [VOD| and VCMRX (DC) are important indicators to pay close attention to. Some special
techniques must be used to meet the requirements of these indicators.

GTH Transceivers

From the GTH transceiver DC specifications table in Kintex UltraScale FPGAs Data Sheet: DC and
AC SWltChlng Characteristics (D5892) [Ref 6], VCMOUTDC = VMGTAVTT/2 - DVPPOUT/4' The
specified level for LP single-ended I/O with D-PHY is 1.2V. If Dyppoyt = 1000 mV, VcmouTpe =
1200/2 — 1000/4 = 350 mV. This is still larger than the D-PHY requirement of the maximum
Vemtx being 250 mV. Fortunately, Dyppoyr is far greater than the [VOD| requirement, which
makes it possible to insert attenuators.

Low-Power Interface

)

The specified level for LP single-ended I/O with D-PHY is 1.2V. When a 100 Mb/s-2.5 Gb/s
D-PHY equivalent circuit is implemented in the FPGA, the LP signal on the transmitting side is
sent through the SelectlO interface in the FPGA. The GTH transceiver on the receiving side can
be compatible with receiving HS and LP signals simultaneously. The HSUL_12_DCI level standard
or other 1.2V single-ended level standards with series resistors are recommended for sending
side LP signals because of better signal integrity.

IMPORTANT: LP signals must be placed in a 1.2V I/0 bank.

D-PHY Equivalent

GTH Transceiver Solution

To meet the requirements of the D-PHY HS electrical index, the QPI module on the TX side of
the GTH transceiver can be DC-coupled to drive a ground load with an output lower
common-mode voltage. The RX side can receive a low common-mode voltage signal with DC
coupling and also have a 0.6V voltage detection sensor.

XAPP1339 (v1.0) October 31, 2018 12
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Hardware Feature

The waveform in Figure 6 shows the signal status of a GTH transceiver driving 50Q to ground a
load. The high level is at 496.3 mV, and the low level is at 83.75 mV. Thus, the common-mode
voltage is 290.0 mV, which is close to 200 mV of the D-PHY TX. The only requirement is to
design an approximate -3 dB divider attenuator to meet the requirements. Fortunately, the
output of the GTH transceiver is 412.55 mV, which is also larger than the 140 mV amplitude
requirement of the D-PHY TX. The right conditions have been created for the insertion of the
attenuator. Thus, the design was modeled and simulated in the Keysight ADS environment.
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Output Waveform of GTH Transceiver Driving 502 Load

As shown in Figure 7, a current mode logic (CML) circuit model was first built to drive a
50Q-to-ground load so that its output approximates the actual GTH transceiver test data

(Figure 8).
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Figure 7: ADS Modeling for GTH Transceiver Driving 50Q2 Load
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Figure 8: Output Waveform of ADS Modeling for GTH Transceiver Driving 502 Load
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The 50Q-to-ground load is then replaced with a T-type attenuator of about 5 dB to observe the
output common-mode voltage and differential swing. As shown in Figure 9, the common-mode
voltage and differential swing can meet the requirements of the HS TX side of the D-PHY.
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Figure 9: Output Single-End and Differential Waveform after the Attenuator

XAPP1339 (v1.0) October 31, 2018
www.Xilinx.com

15


https://www.xilinx.com

D-PHY Equivalent 8 XI LI NX®

TX Circuit Design Guidance
Based on the above simulation results, external high-speed FET analog switches are used to

construct a D-PHY TX circuit, as shown in Figure 10.

GND

GTH 50Q| 500  HD3SS3411

Transceiver
BP \ Ron =50

HS_DATA (16 bits)

20Q 15Q

HSUL_12_DClI
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33Q
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LP_DATA_N CN

33Q

LVCMOS_33

LP/HS_SEL SEL

Outside Circuits

X21666-102518

Figure 10: D-PHY TX Circuit

Based on the above circuit, the following points should be considered when selecting
high-speed FET analog switches:

« The conduction resistance Rgy must be less than 20Q.
« Switch delay Tgy must be less than Tys_sgrrE @and Ths-gxit (100 ns).
« Near-end crosstalk should be less than —30 dB.

« The -1 dB bandwidth is greater than 1.25 GHz.
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RX Circuit Design Guidance
As shown in Figure 11, the RX can completely support the D-PHY's receiving electrical

requirements without any external devices compared to the TX. When enabling RXQPIEN,
RXQPISENP/N can realize LP signal detection.

GTH
Transceiver

INPUT_P \
55 02, HS_DATA_INT (16 bits)
INPUT_N LP_P_INT
LP_N_INT
X21667-100318

Figure 11: D-PHY RX Circuit in GTH Transceiver

End-matching in the GTH transceiver is not disconnected in LP mode like in the real D-PHY, so
LP signals are attenuated by end-matching. Figure 12 shows that in this case, the low level is
about 0.4V, the high level is about 0.8V, and both can still be reliably determined by
RXQPISENP/N.
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)

IMPORTANT: Because the RX works in DC coupling mode, and VICM_DC is around 200 mV, the RX must be
set as follows:

-RX_CM_SEL[1:0] = 2'b10

- RXDFEAGCCTRL[1:0] = 2 'b10

These two parameters are independently configured for each transceiver receiving channel, which is already
set in the GTH Wizard in the example project. The example is a 4+1 lane default design. If this number of
MIPI channels is not desired, these two parameters should be modified when the GTH channels are used for
other purposes.

When the HS signal is burst, the GTH transceiver must work in oversampling mode using logic
to achieve burst reception. To simplify the design, the system should synchronized to the clock.
If the transmission-side reference clock cannot be provided to the receiver, the clock channel is
required to operate in continuous mode. The D-PHY RX CLK channel works in CDR mode. At the
same time, the CDR phase parameters of the clock channel are copied to the other data
channels in real time through the dynamic reconfiguration port (DRP).(1) In this way, the DATA
channel can achieve 5 times oversampling precisely, thus simplifying the design. Moreover, PCS
logic is used to calibrate the HS effective time window to further ensure the stability of phase
processing. (For the details of the receiver clock system, refer to I/O Assign/Timing Constraints
of the 2.5G MIPI Solution.)

Note: Often the TX and RX sides are in different devices (e.g., TX = camera, RX = FPGA). Non-continuous

clock mode is NOT supported unless both sides are in the same FPGA and driven by the same reference
clock.

Reference Clock

Depending on the line rate, different reference clock frequencies are needed. Refer to GTH
Transceiver Reference Clock Selection and Calculation.

1. This technology is termed manual CDR-M-CDR.
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Logic Feature/Timing

Figure 13 shows the structure of the 2.5 Gb/s transceiver D-PHY reference design. In this block

diagram, Xilinx provides only the USER TOP (D-PHY PMA) reference design. The complete
demonstration reference design needs to connect with Northwest Logic's MIPI IP core.

e e
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I .
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Figure 13: 2.5G MIPI D-PHY IP Core Architecture

Note: The 2.5G D-PHY PCS and MIPI MAC IP core of the example design are provided by Xilinx IP partner

Northwest Logic. For more information about the 2.5G D-PHY PCS and MIPI MAC IP core, refer to
https://nwlogic.com.

The HDL hierarchy in the Vivado® tools project is shown in Figure 14.
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~ @ keu105_loop_top (kcu105_loop_topw) (9)
@ u_prbs_gen_lane1 : PRBS_ANY (pros_any.y)
@ u_prbs_gen_lane2 : PRBS_ANY (pros_any.y)
@ u_prbs_gen_laned : PRBS_ANY (pros_any.y)
@ u_prbs_gen_laned : PRBS_ANY (pros_any.y)
~ @ gth_phy_top_u : gth_phy_top (ath_phy_top.y) (16)
@ i _Slane_u:m_Slane (n_Slaney)
rn_5lane_u: n_5lane (ne_Slane edf)
@ t_hs_5lane_os_u:t_hs_5lane_os (k_hs_5Slane_osv)
t_hs_Blane_os_u  t_hs_5lane_os (kx_hs_5Slane_os edf)
> @ lp_t u:lp_tx(p_tov) (4)
> @ d_phy_gt_example_wrapper_u: d_phy_gt_example_wrapper (d_phy_gt_example_wrappery) (31)
@ full_rate_ch_drp_0: full_rate_ch_drp (full_rate_ch_drpv)
@ full_rate_ch_drp_1:full_rate_ch_drp (full_rate_ch_drpw)
@ full_rate_ch_drp_2 : full_rate_ch_drp (full_rate_ch_drpv)
@ full_rate_ch_drp_3:full_rate_ch_drp (full_rate_ch_drpv)
@ full_rate_ch_drp_4 : full_rate_ch_drp (full_rate_ch

1_drp.v)
@ full_rate_ch_drp_5:full_rate_ch_drp (full_rate_ch_drpw)
@ full_rate_ch_drp_6 : full_rate_ch_drp (full_rate_ch_drpv)
@ full_rate_ch_drp_7 :full_rate_ch_drp (full_rate_ch_drpv)

@ full_rate_cm_drp_0 : full_rate_cm_drp (full_rate_cm_drp.v)

@ full_rate_cm_drp_1:full_rate_cm_drp (full_rate_cm_drp.v)
@ u_prbs_chk1: PRBS_ANY (pros_anyy)
@ u_prbs_chk2 : PRBS_ANY (pros_anyw)
@ u_prbs_chk3: PRBS_AMNY (pros_anyv)
@ u_prbs_chkd : PRBS_ANY (pros_anyy)

X21683-100418

Figure 14: HDL Hierarchy in Reference Design

The following considerations must be made when dividing the logical structure of the design:

1. The design is independent of the D-PHY PMA layer and the D-PHY PCS layer at the logical
level. Customers can design their own PCS layer or use the Xilinx third-party IP core.

2. USER TOP contains all transfer parameters required by the 2.5 Gb/s transceiver D-PHY
module. At the same time, the physical location of the GTH transceiver reference clock is
also processed. According to the GTH location on the PCB, the GTH transceiver reference
clock is configurable. Customers need to modify the relevant code in User_top.v
(KCU105_loop_top.v/ZCU1l02_loop_top.v) as well as the GTH transceiver reference
clock pin location in the Xilinx design constraints (XDC). Refer to the Reference Clock
Selection and Distribution section in UltraScale Architecture GTH Transceivers User Guide
(UG576) [Ref 2] and 2.5 Gb/s GTH D-PHY Custom Design and GTH Transceiver Migration
Guidelines.

3. Four modules are contained in GTH_PHY_Top.v: Phy_gt_example_wrapper (GTH), RX 5lane
and TX 5lane (D-PHY PMA), and DRP module. The Phy_gt_example_wrapper (GTH) and DRP
modules provide open source code that allow customers to customize the reference design.
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4. The Phy_gt_example_wrapper (GTH) module is modified based on the standard <GTH
transceiver example wrapper design> to meetthe design requirements of the MIPI
interface. The reference design contains the GTH transceiver interface of eight channels (in
2X GTH Quad).

This module contains a standard GTH IP XCI file. The top module of the design takes out all
ports of each transceiver channel. Through a logic channel adaptation layer, the transceiver
channel used by the MIPI is connected to the TX/RX 5lane module from the GTH transceiver.
Other GTH transceiver channel interfaces can be drawn out by the customer for other
protocol transceiver interfaces.

Customers can generate a GTH module through a GTH wrapper, customize the number of
GTH channels and GTH location, and then connect to the RX/TX 5lane module (see
Implementing the 2.5G Transceiver D-PHY Reference Design). For more information on the
user-defined design methodology, refer to 2.5 Gb/s GTH D-PHY Custom Design and GTH
Transceiver Migration Guidelines.

5. The RX/TX 5lane module processes MIPI data and clocks (HS and LP) transmitted over the
transceiver channel. It also connects to the transceiver module through a logic channel
adaptation layer to implement the D-PHY PMA layer function, providing the correct data for
the PCS.

6. The DRP module is used to dynamically configure the GTH transceiver to support a
multi-line rate MIPI interface. When the MIPI interface is in fixed-line rate mode, the DRP
module is optional.

Users can customize and modify the number and location of GTH channels, and then modify
the DRP CH module enabling parameters: MIPI_TX_USED/MIPI_RX_USED
(GTH_PHY_TOP. V).

7. The Host module (multi_rate_tb.v) is included in the simulation file that is used to
control the DRP to change the MIPI line rate in real time. At the same time, the Host module
is also used to select the clock source of the GTH channel between the QPLL and CPLL. The
behavior of the Host module can be implemented in the CPU, or in the FPGA by HDL code.
More details of this can be seen in Multi-Line Speed Rate Support (From 100 Mb/s to
2.5 Gb/s).

8. MIPI TX data LP and HS signals are sent to external FET switches independently from the
FPGA I/O or GTH transceiver. The LP_TX module is used to send MIPI LP TX signals from the
SelectlO interface.

Note: The reference design does not support CPLL mode when run on UltraScale+ FPGAs. For more
information, see Porting the Design from UltraScale to UltraScale+ FPGAs.

f IMPORTANT: The mipi.xdc constraints file is a part of the design. It must be included in the target design.
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RX

The RX PHY core logic in Figure 15 helps to extract the HS data/clock and LP data/clock from
the GTH transceiver. Because a bind transceiver (TX/RX) channel code is always generated when
the GTH IP is generated, GTH_PHY_TOP.v helps to separate GTH RX and TX ports with the
Phy_gt_example_wrapper.v file, and facilitates independent design of the RX 5lane and TX
5lane modules.

PCS RX PHY (D-PHY PMA)
8 Ip_data
- P gt_rx_data_lane4
2 lp_ck _data’ GTH lane4 [*
h N bit_slip
hs_sel_i _ o
realign N - [oseLrx done gt rx_data_lane3
bit_lose . h
- = RX FPGA Logic
_ bit_lock lane4 [
16
- rx_data | gt _rx_data_lane2
. -¢
g RX FPGA Logic
lane1 P gt_rx_data_lane1
Y clk rx_data GTH lane1 -
" %0
rx_clk2 t_rx_data_lane0
- — 1/2 |- GTH lane0 [« Si L =
rx_rdy i
rst
—
X21669-101518
Figure 15: 2.5G MIPI D-PHY RX Logic Block
LP Channel

All the LP data and clocks come from the RX_5lane module. These are asynchronous signals and
constitute the first information to be used for the MIPI protocol handle because the HS data
arrives later, based on the GTH structure.

HS Selection

The hs_sel_i signal comes from the MIPI controller, and any HS data flow should work when
hs_sel is High. Otherwise, a bit loss error can occur. The hs_sel_i signal can work independently
for each lane. It is generated based on the MIPI protocol, and it can be sourced by LP
information. This signal timing is critical. Avoid having the HS data flow fall into the undefined
I/O level range for the GTH transceiver. The hs_sel_i signal should start after LP-00 and end
before Tys_gxit- Xilinx suggests keeping a margin of two rx_clk2 clock cycles in Tys_zgro and
THS—TRAIL (See Figure 16)
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Figure 16: HS and hs_sel_i Signal Timing at GTH Transceiver
BIT LOCK

The PHY core logic has an interface to control the GTH transceiver, and complete a training
mechanism to extract the HS datapath. After the MIPI RX line rate HS lane is stable, bit_lock
goes High to indicate that the lane can be used. When all the active data lane bit_lock signals
are High, the RX core logic is ready. Each MIPI data channel has one bit lock.

BIT LOSE

When the lane logic detects unstable bits from the GTH transceiver, the core logic pulls bit_lose
High after a certain number of accumulation error bits within a certain period of time. This state
does not go back to normal operation and needs to be reset or realigned from the controller.
After reset or realign, the PHY re-locks. The bit_lose signal can work independently for each
lane.

RX Clock Structure

The MIPI RX core needs a work clock with the same frequency and phase as the MIPI sending
side for the FPGA to ensure that the data is received correctly. If the MIPI TX and RX sides on the
PCB share a same clock source (system synchronization), the RX directly gets a clock in phase
with the MIPI TX. If the clock source is different between the MIPI TX and RX, the MIPI interface
TX to RX must be set to continuous clock mode. In this mode, the GTH transceiver in the HS RX
clock channel outputs the recovery clock to help track the TX side clock.

Table 7: PHY RX Pin Description

Signal Direction Description
magtrefclk input This is the transceiver reference clock.
gthrx/gthtx Input/output This is the transceiver datapath.
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Table 7: PHY RX Pin Description (Cont’d)

Signal Direction Description

rx_clk2 output All RX side FPGA logic should work at this clock. Usually, the
rx_clk2 frequency is the MIPI RX line rate divided by 16.

freerun_clk input This is a free running clock for the GTH transceiver DRP and other
modules. It should be 50 MHz and glitch free.

rst input This is an asynchronous active-High reset. It resets the PHY FPGA
logic and GTH transceiver.

bit_lock[3:0] output This is a PHY bit lock signal per lane. It means that all rxdata align
well and can be used for the PCS.

bit_lose[3:0] output When the PHY meets an unexpected data bit and exceeds a
certain number, bit_lose goes High. In this situation, the PHY
requires a realign or reset to redo the bit alignment.

realign[3:0] input This realigns the PHY RX.

rxdata_out[63:0] output This is the RX data from the PHY to the MIPI PCS. There is no
channel bonding between the four channels, so the PCS looks for
sync sequences in each HS channel. Each MIPI HS RX lane maps to
a 16-bit data bus. For example, bit[15:0] maps to HS data laneO,
and bit[63:48] maps to HS data lane3.

Ip_data[7:0] output This is the LP data from the PHY to the MIPI PCS. It is an
asynchronous signal.
Ip_clk[1:0] output This is the LP clock from the PHY to the MIPI PCS. It is an
asynchronous signal.
rx_rdy output This is the RX ready signal from the transceiver.
hs_sel_i input The PCS generates this signal to help the RX PHY get the HS data.
TX

The TX PHY core logic (Figure 17) helps to combine the HS data and clock and LP data and clock
to the GTH transceiver. Because a bind transceiver (TX/RX) channel code is always generated
when the GTH IP is generated, GTH_PHY_TOP.v helps to separate the GTH RX and TX ports
with the Phy_gt_example_wrapper.v file, and facilitates independent design of the RX
S5lane and TX 5lane modules.
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TX PHY (D-PHY-PMA)
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Figure 17: 2.5G MIPI D-PHY TX Logic Block
LP Data Channel

The Ip_hs_n_d_sel_i generates the Ip_hs_n_d_sel_o signal for the data lane (1 for LP and O for

HS). The signal tx_lp_data_i generates the tx_lp_data_o signal for the data lane. All input data
bus signals should align well with the Ip_hs_n_d_sel_i signal. The TX core logic aligns well with
LP bus/HS bus/SEL relationship and then goes to the external switches.

prenases T F—] | [
Ip_data_i ° pdata X
hs_txdata - CVEK hsdate i‘i/d@s

Ip_hs_n_d_sel o ] // \ ~=\ //
Ip_data_o Ipdata_o X

‘ X21676-100418
Figure 18: 2.5G MIPI D-PHY TX Interface Timing of Data Lane
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LP Clock Channel

This is the same as the datapath but with an independent port because of different switches on
the board.

tx_clk2 ] | nERE [ mEEE

Ip_hs_n_c_sel_i : 3 5 5 g : \ // /
Ip_clk_i : : : IpcIkA i\wcles X : : A

Ip_hs_n_c_sel o ——a/ // \ T\ //
Ip_clk o lpc".( o X

X21677-100918

Figure 19: 2.5G MIPI D-PHY TX Interface Timing of Clock Lane
TX Oversampling Enable

The tx_os_en signal enables TX core oversampling dependent on a variable input reference
clock and MIPI lane rate. It is controlled by the multi-rate module.

HS Clock Lane Content

The tx_hs_clk_in signal helps to generate the TX HS clock signal. It receives input from the MIPI
controller and has the following settings:

e 32'h0 when HSO
e 32 'hFFFFFFFF when HS1

* 32'h66666666 when clocking

Table 8: PHY TX Pin Description

Signal Direction Description

mgtrefclk input This is the transceiver reference clock.

gthrx/gthtx Input/output | This is the transceiver datapath.

tx_clk2 output The TX PCS logic should work at this clock. Usually, the tx_clk2
frequency is the MIPI TX line rate divided by 16.

rst input This is an asynchronous active-High reset that resets the PHY FPGA
logic and GTH transceiver.

freerun_clk input This is a free-running clock. It should be 50 MHz from the board, by
default.

txdata_out[63:0] input This is the TX data from the MIPI PCS to the PHY. Each MIPI HS TX lane

maps to a 16-bit data bus. For example, bit[15:0] maps to HS data
lane0, and bit[63:48] maps to HS data lane3.

Ip_hs_n_d_sel_i input The lp_hs_n_d_sel_i pin generates the Ip_hs_n_d_sel_o signal for the
data lane. It goes from the PCS to the PHY:
« 1. LP
* 0: HS

Ip_hs_n_d_sel_o output The Ip_hs_n_d_sel_o pin drives the switcher directly for the data lanes

from the IOB.
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Table 8: PHY TX Pin Description (Cont’d)

& XILINX.

Signal Direction Description

Ip_hs_n_c_sel_i input The Ip_hs_n_c_sel_i pin generates the Ip_hs_n_c_sel_o signal for the
clock lane. It goes from the PCS to the PHY:
« 1L:LP
« 0: HS

Ip_hs_n_c_sel_o output The Ip_hs_n_c_sel_o pin drives the switcher directly for the clock lanes
from the IOB.

Ip_data_i[7:0] input Because all data lanes share the same switcher on the board, all lanes
should be kept consistent during HS and LP switching.

Ip_clk_i[1:0] input This is the LP clock lane from the PCS to the PHY.

Ip_data_o[7:0] output This is the LP data lane output from the PHY to the IOB.

Ip_clk_o[1:0] output This is the LP clock lane output from the PHY to the IOB.

tx_rdy output This is TX ready signal from the transceiver.

tx_os_en input This enables TX core oversampling.

Resource Utilization

Table 9 shows the resource utilization in the reference design.

Table 9: Resource Utilization

Name CLB LUTs | CLB Registers | CLBs | LUT as Logic | LUT as Memory

gth_phy_top_u (gth_phy_top) 2140 4160 666 2128 12

d_phy_gt_example_wrapper_u 558 1074 220 558 0

(d_phy_gt_example_wrapper)

full_rate_ch_drp_0 (full_rate_ch_drp) 39 87 18 39 0

full_rate_ch_drp_1 (full_rate_ch_drp_3) 41 87 17 41 0

full_rate_ch_drp_2 (full_rate_ch_drp_4) 40 87 26 40 0

full_rate_ch_drp_3 56 108 28 56 0

(full_rate_ch_drp__parameterized0)

full_rate_ch_drp_4 63 98 20 63 0

(full_rate_ch_drp__parameterizedl)

full_rate_ch_drp_5 56 92 17 56 0

(full_rate_ch_drp__parameterized1_5)

full_rate_ch_drp_6 60 106 26 60 0

(full_rate_ch_drp__parameterized0_6)

full_rate_ch_drp_7 57 92 14 57 0

(full_rate_ch_drp__parameterizedl_7)

full_rate_cm_drp_0 (full_rate_cm_drp) 42 86 18 42 0

full_rate_cm_drp_1 (full_rate_cm_drp_8) 51 89 23 51 0

Ip_tx_u (Ip_tx) 12 12 3 0 12

rx_5lane_u (rx_5lane) 525 1348 214 525 0

tx_hs_5lane_os_u (tx_hs_5lane_os) 479 793 141 479 0
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Multi-Line Speed Rate Support (From 100 Mb/s to 2.5 Gb/s)

The MIPI protocol provides two ways to support multi-resolution video streaming. One is to
support different resolutions by encapsulating different video stream packet sizes at fixed line
rates, where the interface line rate bandwidth must be larger than the maximum resolution data
bandwidth. Another is that different line rates support different resolution data, while low
resolution data can be supported with lower line rates.

The 2.5 Gb/s transceiver D-PHY solution also supports these two models. The advantage of
fixed line rate is that it can simplify the design, and the parameters can be set into the GTH
transceiver at one time without re-management, and without calling DRP units. But it is
necessary to write the DRP parameter at the fixed rate to the XDC in the code.

The advantage of multi-line rate is that low resolution can be supported by a low line rate, and
save more power. In multi-line rate mode, DRP units are necessary to the GTH transceiver. Users
can configure the DRP through the host to adjust the transceiver parameters and adapt various
line rates in real time.

Note: The reference design provides multi-line rate support by default. For fixed-line rate mode, the
DRP control module can be deleted. However, the GTH attribute parameters should be written directly to
the XDC, the ports should be connected to replace the port parameters in code, and the code should also
be changed.

TX Line Speed Rate vs. Key Setting

According to the GTH transceiver QPLL and CPLL characteristics, the supported rates are
divided into eight segments, as shown in Table 11. Set the tx_rate_sel according to the speed
and choose the right PLL at the same time. Send the tx_rate_sel and txpllclksel_in results to
GTH_PHY_TOP.

Table 10: PLL Type Select

PLL Type txpliclksel_in rxpliclksel_in
QPLLO 2'bl1l 2'bl1l
QPLL1 2'bl0 2'b10
CPLL 2'b00 2'b00
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Table 11: TX Supported Line Speed Rates
PLL Frequency Lo . .
PLL Type '_‘ange 2 tx_rate_sel M:‘at:ene M?z);tL:ene °"e;5:t:‘p'e Fxcl;LePrLuty F'r\::ﬁ:r:ty TXOUT_DIV
Min Max (Mb/s) (Mb/s) (MHz) (MHz)
(MHz) (MHz)
7 2000 3250.0 1 8000 13000 4
6 1000 1625.0 1 8000 13000
5 500 8125 1 8000 13000 16
4 1600 2600.0 5 8000 13000 1
QP 8000 13000 3 800 1300.0 5 8000 13000 2
2 400 650.0 5 8000 13000 4
1 200 325.0 5 8000 13000 8
0 100 162.5 5 8000 13000 16
7 2450 4093.8 1 9800 16375 4
6 1225 2046.9 1 9800 16375 8
5 612.5 1023.4 1 9800 16375 16
4 1960 3275.0 5 9800 16375 1
QPLLO 2800 10375 3 980 1637.5 5 9800 16375 2
2 490 818.8 5 9800 16375 4
1 245 409.4 5 9800 16375 8
0 122.5 204.7 5 9800 16375 16
7 2000 6250.0 1 2000 6250 2
6 1000 3125.0 1 2000 6250 4
5 500 1562.5 1 2000 6250 8
CPLL 2000 6250 4 800 2500.0 5 2000 6250 1
3 400 1250.0 5 2000 6250 2
2 200 625.0 5 2000 6250 4
1 100 312.5 5 2000 6250 8
Notes:

1. The shaded cells show the difference between the 5x and 1x oversample rates.

« Casel: The MIPI line rate is 2.5 Gb/s

The tx_rate_sel can choose between QPLL1 and QPLLO, or CPLL segment 7. Usually, the TX
should choose segments 7-5 to cover the rate from 500 Mb/s-2.5 Gb/s, and segments 4-0

to cover 100 Mb/s-500 Mb/s.

« Case2: When the MIPI line rate is lower than 500 Mb/s

The TX can choose 4-0 segments to cover 100 Mb/s-500 Mb/s, such as 100 Mb/s, and
tx_rate_sel can choose QPLL1 segment O or CPLL segment 1.
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RX Line Speed Rate vs. Key Setting
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According to the GTH transceiver QPLL and CPLL characteristics, the supported rates are
divided into five segments, as shown below. Set rx_rate_sel according to the speed and choose
the right PLL at the same time. Send the rx_rate_sel and rxpliclksel_in results to GTH_PHY_TOP.

Compared to the TX side, the RX has no 7-5 segments. It has only 4-0 segments. These
segments cover 100 Mb/s-2.5 Gb/s MIPI rate.

Table 12: RX Supported Line Speed Rates
PLL Frequency
Range (-2) Min Line | Max Line Min PLL | Max PLL
PLL Type rx_rate_sel Rate Rate Ovelrisaat:\ple Frequency [Frequency | RXOUT_DIV
Min Max (Mb/s) (Mb/s) (MHz) (MHz)
(MHz) (MHz)
4 1600 2600.0 5 8000 13000 1
QPLL1 8000 13000
3 800 1300.0 5 8000 13000 2
2 400 650.0 5 8000 13000 4
1 200 325.0 5 8000 13000 8
0 100 162.5 5 8000 13000 16
4 1960 3275.0 5 9800 16375 1
QPLLO 9800 16375
3 980 1637.5 5 9800 16375 2
2 490 818.8 5 9800 16375 4
1 245 409.4 5 9800 16375 8
0 122.5 204.7 5 9800 16375 16
CPLL 2000 6250 4 800 2500.0 5 2000 6250 1
3 400 1250.0 5 2000 6250 2
2 200 625.0 5 2000 6250 4
1 100 312.5 5 2000 6250 8
Notes:
1. The shaded cells show the difference between the 5x and 1x oversample rates.
¢ Case 1: The MIPI line rate is 2.5G b/s
The rx_rate_sel can choose between QPLL1 and QPLLO, or CPLL segment 4.
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« Case 2: The MIPI line rate is 100 Mb/s

The rx_rate_sel can choose QPLL1 segment O or CPLL segment 1.

& XILINX.

GTH Transceiver Reference Clock Selection and Calculation

Reference clock calculation should be based on the MIPI rate and corresponding PLL. The result
of the PLL calculation (the multiple factorial coefficient) is sent to GTH_PHY_TOP to work with
the reference clock.

TX QPLL Reference Clock Selection

Table 13: TX QPLL Reference Clock Selection
Line Rate | Oversample TXOUT DIV QPLL Frequency Multip_le Reference Clock
(Mb/s) Rate - (MHz) Factorial Frequency (MHz)
2500 1 4 10000 40 250
1500 1 8 12000 80 150
1200 1 8 9600 80 120
1080 1 8 8640 80 108
891 1 16 14256 80 178.2
800 1 16 12800 80 160
720 1 16 11520 80 144
640 1 16 10240 80 128
540 1 16 8640 80 108
480 5 4 9600 80 120
100 5 16 8000 80 100
Notes:

1. The shaded cells show the difference between the 5x and 1x oversample rates.

QPLL multiple factorial is selected based on the QPLLO_FBDIV/QPLL1_FBDIV attributes ranging
from 16-160 in the "DRP Map of GTHE4_COMMON Primitive” table of UltraScale Architecture
GTH Transceivers User Guide (UG576) [Ref 2]. The appropriate value should be selected based
on the reference clock. The reference clock frequency calculation is given by Equation 1.

Line rate x OS x TXOUT_DIV
QPLL multiple factorial

Reference clock frequency =

RX QPLL Reference Clock Selection

Equation 1

Table 14: RX QPLL Reference Clock Selection
Line Rate | Oversample RXOUT DIV QPLL Frequency MuItip]e Reference Clock
(Mb/s) Rate - (MHz) Factorial Frequency (MHz)
2500 5 1 12500 50 250
1500 5 2 15000 100 150
1200 5 2 12000 100 120
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Table 14: RX QPLL Reference Clock Selection (Cont’d)

Line Rate Oversample RXOUT DIV QPLL Frequency Multip_le Reference Clock

(Mb/s) Rate - (MHz) Factorial Frequency (MHz)
1080 5 2 10800 100 108
891 5 2 8910 50 178.2
800 5 2 8000 50 160
720 5 4 14400 100 144
640 5 4 12800 100 128
540 5 4 10800 100 108
480 5 4 9600 80 120
100 5 16 8000 80 100

RX QPLL reference clock selection is similar to TX QPLL reference clock selection, which needs
to avoid PLL conflicts. The reference clock frequency calculation is given by Equation 2.

Line rate x OS x RXOUT_DIV
QPLL multiple factorial

Reference clock frequency = Equation 2

TX CPLL Reference Clock Selection

The CPLL multiple factorial contains the parameters CPLL_FBDIV and CPLL_FBDIV_45, based on
the “"DRP Map of GTHE4_CHANNEL Primitive” table in UltraScale Architecture GTH Transceivers
User Guide (UG576) [Ref 2]. Considering these two parameters at the same time, we get

M = CPLL_FBDIV x CPLL_FBDIV_45. It is necessary to select the appropriate value based on the
reference clock.

Table 15: TX CPLL Reference Clock Selection

Line Rate | Oversample TXOUT DIV CPLL Frequency Multip_le Reference Clock

(Mb/s) Rate - (MHz) Factorial Frequency (MHz)
2500 1 2 2500 10 250
1500 1 4 3000 20 150
1200 1 4 2400 20 120
1080 1 4 2160 20 108
891 1 8 3564 20 178.2
800 1 8 3200 20 160
720 1 8 2880 20 144
640 1 8 2560 20 128
540 1 8 2160 20 108
480 5 2 2400 20 120
100 5 8 2000 20 100

Notes:

1. The shaded cells show the difference between the 5x and 1x oversample rates.

The reference clock frequency calculation is given by Equation 3.

XAPP1339 (v1.0) October 31, 2018 33
www.Xilinx.com



https://www.xilinx.com

D-PHY Equivalent 8 XI LI NX®

Line rate x OS x TXOUT_DIV
CPLL_FBDIV x CPLL_FBDIV_45

Reference clock frequency = Equation 3

RX CPLL Reference Clock Selection

RX CPLL reference clock selection is similar to TX CPLL reference clock selection, which needs to
avoid PLL conflicts.

Table 16: RX CPLL Reference Clock Selection

Line Rate | Oversample RXOUT DIV CPLL Frequency Multip]e Reference Clock

(Mb/s) Rate - (MHz) Factorial Frequency (MHz)
2500 5 1 6250 25 250
1500 1 3750 25 150
1200 5 1 3000 25 120
1080 5 1 2700 25 108
891 5 2 4455 25 178.2
800 5 2 4000 25 160
720 5 2 3600 25 144
640 5 2 3200 25 128
540 5 2 2700 25 108
480 5 2 2400 20 120
100 5 8 2000 20 100

The reference clock frequency calculation is given by Equation 4.

Line rate x OS x RXOUT_DIV
CPLL_FBDIV x CPLL_FBDIV_45

Reference clock frequency = Equation 4

Interface Timing

After multi-rate PLL configuration and GTH reference clock selection, the result is sent to
GTH_PHY_TOP. For example, 2.5 Gb/s is shown in Figure 20.

//MiPi rate = 2.5G

mgtrefclk clk250M;

rx_rate_sel
tx rate sel

rxpllclkselﬁin = { 1 // {CPLL, CPLL, CPLL, CPLL, QPLL0O,QPLLO,QPLLO,QPLLO}
txpllclksel_in = { }y: // {QPLLO,QPLLO,QPLLO,QPLLO,CPLL, CPLL, CPLL, CPLL }
cpll_fbdiv = { Yy /7 xS, x5, X5, x5, X2, X2, X2, X2}
cpll fbdiv 45 = { Y, /7 (x5, %5, x5, %5, %5, %5, x5, %5}
gpll0 fbdiv = { }; // (x40, x50}
@plll fbdiwv = { , } // NC

= {

=1

X21708-100918

Figure 20: Line Rate Configuration from a Host
Notes related to interface timing control:

1. The txpllclksel_in, rxpliclksel_in, cpll_fbdiv, cpll_fbdiv_45, qpll0_fbdiv, qpll1l_fbdiv, and
rate_sel signals cannot change when drp_fsm_rdy is Low. The rate change should wait for
drp_fsm_rdy to go High.
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2. The reconfig signal requires a High pulse of one cycle to trigger the DRP FSM.

Note: All of these parameters were configured by a host (CPU or logic state machine).

drp_fsm_rdy / // l \ },L/

txpliclksel_in Value(rate_a) X Value(rate_b)
rxpliclksel_in Value(rate_a) X Value(rate_b)
cpll_fbdiv Value(rate_a) X Value(rate_b)
cpll_fbdiv_45 Value(rate_a) X Value(rate b)
qpll0_fbdiv Value(rate_a) X Value(rate_b)
gpll1_fbdiv Value(rate_a) X Value(rate_b)
tx_rate_sel Value(rate_a) X Value(rate_b)
rx_rate_sel Value(rate_a) X Value(rate_b)
reconfig /_\

X21709-10151¢

Figure 21: Line Rate Configuration Interface Timing

Design Requirements

Clock System Design of Receiver

Synchronous Clock System (Same Clock Source between TX and RX)

In this mode (Figure 22), the D-PHY RX does not care about the MIPI lane CLK. Thus, the MIPI
CLK channel does not need to connect to the CLK lane of the RX, thereby eliminating a
transceiver channel.

Note: The reference design currently does not support synchronous clock mode. An asynchronous clock
mode reference design is provided to be compatible with synchronous clock mode.

Partner
D-PHY MIPI D-PHY [/ D-PHY

X RX

Link I\ Xilinx

1/M 1/N

X21671-100418

Figure 22: Synchronous Application Mode
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For frequency selection of external reference clocks of D-PHY TX/RX, refer to Reference Clock,
which requires different reference clock frequencies depending on the line rate. For phase
noise, rise time, duty cycle, swing and other performance indicators, refer to the GTH
Transceiver Performance table in Kintex UltraScale FPGAs Data Sheet: DC and AC Switching
Characteristics (DS892) [Ref 6] and Kintex UltraScale+ FPGAs Data Sheet: DC and AC Switching
Characteristics (DS922) [Ref 7].

Asynchronous Clock System (Independent Clock Source between TX and RX)

In this mode (Figure 23), the D-PHY RX requires that the MIPI clock work in continuous mode.
Thus, the signal of the CLK channel must always work in HS mode after initialization. The CLK
receiving channel of the D-PHY RX works in CDR mode. At the same time, the CDR phase
parameters of the clock channel are copied to the other data channels in real time through the
DRP port.) In this way, the DATA channel can achieve 5 times oversampling precisely, thus
simplifying the design. Moreover, PCS logic is used to calibrate the HS effective time window to
further ensure the stability of phase processing.

Link -
Xilinx
Partner MIPT D-PHY I\ D-PHY
D-PHY / o
X

Note: Continuous Clock

RefClock

X21672-100418

Figure 23: Asynchronous Application Mode

For frequency selection of external reference clocks, refer to Reference Clock, which requires
different reference clock frequencies depending on the line rate. For performance indicators
refer to the GTH Transceiver Switching Characteristics section in Kintex UltraScale FPGAs Data
Sheet: DC and AC Switching Characteristics (DS892) [Ref 6] and Kintex UltraScale+ FPGAs Data
Sheet: DC and AC Switching Characteristics (DS922) [Ref 7]. At the same time, the PPM deviation
between OSC1 and OSC2 is not more than 200 ppm.

1. This technology is termed manual CDR-M-CDR.
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I/0 Assign/Timing Constraints of the 2.5G MIPI Solution

The assign/timing constraints on the TX side are as follows:

« LP (SelectlO interface):

- The signal can be assigned to any SelectlO interface. Xilinx recommends an I/O bank of
adjacent pins.

o The LP signal must be assigned to HSUL_12_DCI for the best signal integrity (SI) and
meet the MIPI standard at the same time.

- The LP and HS SEL signal is constrained by the specific requirements of the FET switch
device. (The device provided in the reference design requires a 3.3V LVCOMS level.)

o LP_data and LP_clock follow the same regular/No I/O timing constraints for the LP
signal.

« HS (GTH transceiver):

- HS data lanes 1-4 can be assigned in a transceiver Quad. The HS_clock lane can also be
assigned in the same transceiver Quad or an adjacent Quad. (The HS clock channel is
transmitted through the GTH channel like data.) To support four HS data lanes, HS_clock
can only be assigned to an adjacent Quad, as in the following example design.

o Refer to the GTH design requirements in UltraScale Architecture GTH Transceivers User
Guide (UG576) [Ref 2]. The CPLL or QPLL can be used for the HS_data lane or HS_clock
lane in the GTH transceiver.

Because the QPLL frequency coverage is limited, to support any resolution, QPLLO and
QPLL1 are occupied in a GTH Quad for the HS_data lane. The CPLL can support any
resolution.

- Refer to the example design.
On the RX side:

e LP (LP was included in the GTH transceiver):
o There are no I/O location constraints for the LP signal.
o Refer to the example design.

e« HS (GTH transceiver):
o The same rule applies as the MIPI TX side.

Usually, the same MIPI interface uses the same QPLL (or CPLL) for a simplified design. For
designs with less than four data lanes, this is easy. Data and clock channels can be placed in one
transceiver Quad. However, the reference design provides a 4+1 MIPI transmitter and receiver
design to cover as many application as possible, and merges it into two transceiver Quads
(Figure 24).
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Four data channels occupy one Quad, and the clock channel occupies one lane in the
transceiver Quad. To save clock resources, the data lanes on the TX and RX sides all use QPLL,
the clock lane uses CPLL, and is thus a mixed clock design.

For the 2.5G D-PHY design transceiver clock system, you can use CPLL or QPLL, or you can mix
them. This clock structure is very valuable for transceiver migration design.

Note: The transceiver TX/RX channel is generated at the same time as the GTH transceiver IP. If the TX
and RX channels in the MIPI GTH both need to be used, carefully design the GTH clock and modify it
based on the reference design.

The reference design is implemented on the KCU105 demo board (Kintex UltraScale KU0O40
FPGA) through the expansion card. The TX/RX 4 data lanes + 1 clock lane MIPI design is
implemented in the two GTH Quads, respectively. The mapping of the GTH transceiver is shown
in Figure 24.

MIPI_RX_REFCLK

MIPI_TX_REFCLK

LK SEL C/DSI0 RX DATA/2.5G
REFCLKO = QPLLO,1
TX_CHANNELO RX_CHANNEL3 (D3)
| X0Y16 X0Y19
LK SEL TX_CHANNEL1 RX_CHANNEL2 (D2)
= | X0Y17 X0Y18 QUAD 228
| TX_CHANNEL2 RX_CHANNEL1 (D1)
REFCLKA1 CLK_SEL CPLL3 Xov18
| TX_CHANNEL3 (CLK) RX_CHANNELO (DO)
X0Y19 0Y16
C/DSI0 TX HSCLK/1.25G
SOUTHREFO»- | cLK_SEL | CcPLL1 | C/DSI0 RX HSCLKI/1.25G
| TX_CHANNEL2 (D3) RX_CHANNEL1 (CLK)
0Y14 X0Y13
EENAAD TX_CHANNEL1 (D2) RX_CHANNEL3
= X0Y13 X0Y15 QUAD 227
| TX_CHANNELO (D1) RX_CHANNEL2
X0Y12 X0Y14
) TX_CHANNEL3 (DO) RX_CHANNELO
¥SOUTHREF1>| CLK_SEL 4>” QPLLO,1 | X0Y15 X0Y12
C/DSI0 TX DATA/2.5G

KCU105

Figure 24:

X21673-100418

Reference Design (KCU105) Transceiver Mapping + GTH Transceiver Clock Solution
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Implementing the 2.5G Transceiver D-PHY Reference Design

The GTH module is generated by a GTH Wizard. The following processes are based on the
Vivado tools 2018.2.

Note: The following configuration is not directly related to physical constraints (GTH transceiver clock
source and location). The user still needs to modify the code and XDC to correspond to the hardware.

The following steps describe how to regenerate the GTH IP after updating the Vivado tools
version or customizing the MIPI design.

1. Open the UltraScale FPGAs transceivers Wizard in the IP catalog. In the Basic tab, set the IP
(Figure 25).

UltraScale FPGAs Transceivers Wizard (1.7)

@ Documentation  £¥ Presets IP Location (' Switch to Defaults
IP Symbol  Physical Resources ComponentName d_phy_gt
Show disabled ports Basic  Physical Resources | Optional Features | Structural Options
System
Transceiver configuration preset | Start from scratch v
Transceiver type GTH v
Transmitter Receiver

Line rate (Gbis) 297 Line rate (Gbis) 14.85

PLL type CPLL v PLL type QPLLO ~
QPLL Fractional-N options a QPLL Fractional-N options a

Requested reference Requested reference
clock (MHz) clock (MHz)

Resulting fractional part Resulting fractional part

of 0 of 0

QPLL feedback divider QPLL feedback divider

2r24)=0 2424)=0

Actual Reference 207 - Actual Reference 207 -
Clock (MHz) Clock (MHz)
Encoding Raw (no encoding . Decoding Raw (n v
User data width 80 ~ User data width 80 ~
Internal data width | 40 v Internal data width | 40 v
Buffer Enable (1 v Buffer Bypass (0 v
THOUTCLK source | TXPROGDIVCLK - RXOUTCLK source | RXOUTCLKPMA v
Advanced @) Advanced
Differential swing Insertion loss at Myquist (dB) 5

and Custom -

emphasis mode Equalization mode LPM ~

Link coupling DC v
Termination FLOAT

>

X21737-101018

Figure 25: Basic Tab
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2. In the Physical Resources tab, set the IP (Figure

Component

Basic Physical Resources

Mame |d_phy_gt

Optional Features

Free-running and DRP clock frequency (MHz) | 37.125

TX Master

channel  X0Y19 R

Structural Options

RX Master channel | X0Y19 w

26).

Disable All Channels

Search:

Channel

Q-

Enable

~  Right column (8/20 channels used)

~  Qad X0Y4 in SLR 0 (4/4 channels used)

GTHE3_CHANNEL_X0Y19
GTHE3_CHANNEL_X0Y18
GTHE3_CHANNEL_X0Y17
GTHE3_CHANNEL_X0Y16

~  Qad X0Y3 in SLR 0 (4/4 channels used)

GTHE3_CHANNEL_X0Y15
GTHE3_CHANMEL_X0Y14
GTHE3_CHANMEL_X0Y13
GTHE3_CHANMEL_X0Y12

»  Quad X0Y2in SLR 0 (0/4 channels used)
» Qwad X0Y1in SLR 0 (0/4 channels used)
~  Qad X0Y0 in SLR 0 (0/4 channels used)

GTHE3_CHANMEL_X0Y3

ANARANERLNERLN

ANERANERENERLN

TX REFCLK source (CPLL)

MGTREFCLKO
MGTREFCLKD
MGTREFCLKD
MGTREFCLKD

MGTREFCLKD of Quad X0Y4 (+1)
MGTREFCLK1 of Quad X0Y4 (+1)
MGTREFCLK1 of Quad X0Y4 (+1)
MGTREFCLK1 of Quad X0Y4 (+1)

RX REFCLK source (QPLLO)Y

MGTREFCLKA1
MGTREFCLK1
MGTREFCLK1
MGTREFCLK1

MGTREFCLK1 of Quad X0Y4 (+1)
MGTREFCLK? of Quad X0Y4 (+1)
MGTREFCLK? of Quad X0Y4 (+1)
MGTREFCLK? of Quad X0Y4 (+1)

RXRECCLKO

>
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3. In the Optional Features tab, set the IP as follows:

a. Set the Receiver comma detection and alignment section (Figure 27).

Component Name |d_phth |

Basic |Physica| Resources |Opﬁonalrealure5 Structural Options |

‘

Valid comma values for 88M0B decoding
Selectthe range of comma characters decoded by the 8B/ 0B decoder

#) 8BM0OB commas Walid IEEE 802.3 commas only

Comma detection

Detect Value | Selectapreset -

Plus comma | | 0101111100

=
=]
o

Minus comma | | 0000011

Mask

E

Detect combined plus/minus (double-length) comma

Comma alignment

Alignment boundary |Any byte boundary (1) |

|| show realign comma

Manual alignment (RXSLIDE) mode | PCs - |

X21739-101018

Figure 27: Receiver Comma Detection and Alighment Section

XAPP1339 (v1.0) October 31, 2018 41
www.Xilinx.com


https://www.xilinx.com

D-PHY Equivalent 8 XI I_I NX®

b. Set the Receiver channel bonding section (Figure 28).

Component Name |d_ph3rj

Basic Physical Resources |0pﬁonalFealure5 Structural Options |

“

Enable and select number of sequences to use Mo channel bonding (0}«
Length of each sequence | 1 w |
Sequence maximum skew | 1 - |
Maximum channel bonding level to be used | 4 o |
Dont care Value K character Inverted disparity

Sequence 0, pattern 0 0000000000

Sequence 0, pattern 1 0000000000

Sequence 0, pattern 2 0000000000

Sequence 0, pattern 3 0000000000

Sequence 1, pattern 0 0000000000

Sequence 1, pattern 1 0000000000

Sequence 1, pattern 2 0000000000

Sequence 1, pattern 3 0000000000

X21740-101018

Figure 28: Receiver Channel Bonding Section
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c. Set the Receiver clock correction section (Figure 29).

Component Name |d_phth

Basic Physical Resources |OpﬁonalFealure5 Structural Options |

Enable and select number of sequences to use Mo clock correction (0}«
Length of each sequence | 1 w |
Dont care Value K character Inverted disparity

Sequence 0, pattern 0 0000000000

Sequence 0, pattern 1 0000000000

Sequence 0, pattern 2 0000000000

Sequence 0, pattern 3 0000000000

Sequence 1, pattern 0 0000000000

Sequence 1, pattern 1 0000000000

Sequence 1, pattern 2 0000000000

Sequence 1, pattern 3 0000000000

Periodicity of the sequence (in bytes) |5{}(}0 |
Keep idle | Disable w |
Precedence | Enable v |
Minimum repetition |0 |

X21741-101018

Figure 29: Receiver Clock Correction Section

d. Set the Buffer control section (Figure 30).

Component Name |d_phyjt |

Physical Resources  Optional Features Structural Options |

g
g

Receiver elastic buffer bypass mode Multi-lane mode

<

Reset receiver elastic buffer on channel bonding change  Enable
Reset receiver elastic buffer on comma alignment Disable
Reset receiver elastic buffer on rate change Enable

Resettransmitter buffer on rate change Enable

“

X21742-101118

Figure 30: Buffer Control Section
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e. Set the Advanced clocking section (Figure 31).

Component Name |d_phy_qt

Basic |Physica[Resources |Opﬁonaifeature5 Structural Options |

Secondary QPLL

|| Enable secondary QPLL

Line rate of second core (Gbls) i10_3125 | [0.5-16.375]

Requested reference
clock (MHz)

.
|158.25 || calc |

Resulting fractional part

of 0 | 12r24)=0

QPLL feedback divider

EEEASSSSSSS
Actual Reference Clock (MHz) | 257.8125 w |

Selectable THOUTCLK frequency
|| Enable selectable THOUTCLK frequency
Programmable divider clock source CPLL

THOUTCLK frequency (MHz) 7425

TX COM sequence burst length | 15 w |

X21743-101118

Figure 31: Advanced Clocking Section
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4. In the Structural Options tab, set the IP as follows:
a. Set the Structural Options section (Figure 32).

ComponentMame d_phy_gt

Basic Physical Resources Optional Features Structural Options

Simplify transceiver usage by organizing resources and helper blocks

Include transceiver COMMORN in the Example Design -
Include simple transmitter user clocking network in the | Example Design -
Include simple receiver user clocking network in the Example Design -
Include reset controllerin the Example Design -
Include user data width sizing in the Core ~
Include transmitter buffer bypass controllerin the Core ~
Include receiver elastic buffer bypass controller in the Example Design -
Include In-System IBERT core No (do not include) -

Expose additional ports by functionality, for advanced feature usage

X21744-101118

Figure 32: Structural Options Section
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b. Set the Transceiver-based IP Debug Ports section (Figure 33).

Component Name d_phy_gt

Basic Physical Resources Optional Features Structural Options

“

Select All Select Nane

drpaddr_commeon_in | drpaddr_in drpclk_commeon_in

V| drpclk_in drpdi_common_in V| drpdi_in
drpen_common_in V| drpen_in drpwe_common_in

V| drpwe_in eyescanreset_in eyescantrigger_in

¥ gtrereset_in v gttereset_in loopback_in
pcsrsvdin_in rebufreset_in | mcdrhold_in
rdfelpmraset_in V| lpmen_in V| mpcsreset_in
repmareset_in V| mpolarity_in | mprbscntreset_in

¥ rprbssel_in rerate_in ¥/ muserrdy_in

V| tediffctrl_in inhibit_in | tepcsreset_in
tpmareset_in V| tpolarity_in ¥'| tepostcursor_in
teprbsforceerr_in tprbssel_in teprecursor_in

Y| teuserrdy_in ¥ cplllock_out dmonitorout_out
drpdo_common_out | drpdo_out drprdy_common_out

| drprdy_out eyescandataerror_out qpll0lock_out
qplitlock_out rebufstatus_out rcommadet_out
rectrl_out rectrl3_out ¥ mdlysresetdone_out

¥ niphaligndone_out V| mprbserr_out ¥ | nresetdone_out

Y| msyncdone_out V| tebufstatus_out tedlysresetdone_out
tephaligndone_out tephinitdone_out ¥ | teresetdone_out

X21745-101118

Figure 33: Transceiver-based IP Debug Ports Section
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c. Set the UG576/UG578 Chapter 2 - Reference Clock Selection and Distribution Ports
section (Figure 34).

Component Name |d_phy_qt

Basic Physical Resources Optional Features Structural Options

Selact All Select Mane

< cplirefclksel_in | otarefclk_in /| gtnorthrefclk0_in
gtnorthrefclk00_in | gtnorthrefclk1_in gtnorthrefclk01_in
gtnorthrefclk10_in gtnorthrefclk11_in ~ | atrefclkl_in
gtrefclk00_in ZI gtrefclic1_in gtrefclk01_in
gtrefclk10_in gtrefclikc11_in /| gtsouthrefclk0_in
gtsouthrefclk00_in | gtsouthrefclk1_in gtsouthrefclk01_in
gtsouthrefclk10_in gtsouthrefclk11_in ~'| qplldclk_in

~ | gpllOrefclk_in qpliOrefclksel_in ~ | gpliclk_in

~| qpllirefclk_in gpllrefclksel_in < mpliclksel_in

| msysclksel_in < tipliclksel_in | tisysclksel_in

:I gtrefclkmonitor_out gpli0outclk_out qplldoutrefclk_out
qpll1outclk_out qpll1outrefclk_out refclkoutmonitor0_out

refclkoutmonitord_out

‘

Select All Select None

| cplllockdetclk_in | cplilocken_in Y| cpllpd_in
</ cplirefclksel_in | cplireset_in | cplifbciklost_out
¥ cplllock_out | cplirefclklost_out

e
X21746-101118

Figure 34: UG576/UG578 Chapter 2 - Reference Clock Selection and Distribution Ports Section
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d. Set the UG576/UG578 Chapter 2 - Quad PLL Ports, Reset and Initialization Ports, and
CPLL Reset Ports sections (Figure 35).

Component Mame |d_phy_gt

Basic Physical Resources Optional Features Structural Options
Select All Select Mone

bgbypassb_in
bgrcalovrd_in
pmarsvdi_in
qplidlockdetclk_in
qplldrefclksel_in
qpliclkrsvd1_in
qplitpd_in
qplirsvd1_in
qplirsvd4_in
sdmOreset_in
sdmireset_in
qplidlock_out
qplliOrefclklost_out
qpli1outclk_out

qplldmonitor0_out

bgmonitorenb_in
bgrcalovrdenb_in
qpll0clkrsvd0_in
qplidlocken_in
qplldreset_in
qpllilockdetclk_in
qplitrefclksel_in
qplirsvd2_in
rcalenb_in
sdmOwidth_in
sdmiwidth_in
qplidoutclk_out
qplifoclklost_out
qpli1outrefclk_out

qplldmonitor!_out

bgpdb_in
pmarsvd0_in
qpll0clkravd1_in
qplldpd_in
qplliclkrsvd0_in
qpllilocken_in
gplitreset_in
qplirsvd3_in
sdm0Odata_in
sdm1data_in
qplldfbclklost_out
qplldoutrefclk_out
qplitlock_out
qplitrefclklost_out

refclkoutmonitor0_out

refclkoutmonitor1_out
Select All Select Mone

gtresetsel_in resetovrd_in

Select All SelectMone

cplllocken_in V| cplireset_in V| cpllock_out

X21747-101118

Figure 35: UG576/UG578 Chapter 2 - Quad PLL Ports, Reset and Initialization Ports, and CPLL Reset Ports
Sections
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e. Setthe UG576/UG578 Chapter 2 - QPLLO/1 Reset Ports, TX Initialization and Reset Ports,
RX Initialization and Reset Ports, and Power Down Ports sections (Figure 36).

Component Mame |d_phy_gt

Basic Physical Resources Optional Features Structural Options

Select All SelectMNone

qplidlocken_in qpll0reset_in qplitlocken_in

‘

qpllireset_in qpll0lock_out qpliflock_out

‘

Select All SelectMNone

cfgreset_in ¥ gtbereset_in ' tipcsreset_in
tpmareset_in ¥ tuserrdy_in ~ | atpowergood_out
pesrsvdout_out resetexception_out ~ | tpmaresetdone_out

Y| tresetdone_out

‘

Select All SelectNone

eyescanreset_in ~| girereset_in rebufreset_in
ricdriregreset_in rcdrreset_in rdfelpmreset_in
noobreset_in roscalreset_in | mpcsreset_in
repmareset_in V| muserrdy_in +| gtpowergood_out
resetexception_out rosintdone_out ¥ ripmaresetdone_out

¥ nresetdone_out

‘

Select All Select Mone

Y| cpllpd_in qpll0pd_in qpell1pd_in
pd_in Y| mphdlypd_in V| tpd_in
tepdelecidlemode_in tphdlypd_in

(]
X21748-101118

Figure 36: UG576/UG578 Chapter 2 - QPLLO/1 Reset Ports, TX Initialization and Reset Ports, RX Initialization
and Reset Ports, and Power Down Ports Sections
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f. Set the UG576/UG578 Chapter 2 - Loopback ports, Dynamic Reconfiguration Ports,
FPGA TX Interface Ports, TX 8B/10B Encoder Ports, and TX Synchronous Gearbox Ports
sections (Figure 37).

Component Name d_phy_gt

Basic Physical Resources Optional Features Structural Options

‘

Select All SelectMone

|| loopback_in

‘

Select All Select Mone

drpaddr_common_in V| drpaddr_in drpclk_common_in
V| drpclk_in drpdi_common_in v drpdi_in
drpen_commeon_in ¥| drpen_in drpwe_commoan_in
Y drpwe_in drpdo_common_out V| drpdo_out
drprdy_common_out V| drprdy_out

‘

Select All SelectMNone

tectrl0_in bectrli_in tedata_in

txdataextendrsvd_in ¥ | teusrelk2_in V| teusrelk_in

‘

Select All Select Mone

tEb10bbypass_in tEb10ben_in toctrl0_in

tectr1_in tectrlZ_in

‘

Select All Select Mone

tetheader_in tsequence_in

‘

L)

X21749-101118

Figure 37: UG576/UG578 Chapter 2 - Loopback ports, Dynamic Reconfiguration Ports, FPGA TX Interface Ports,
TX 8B/10B Encoder Ports, and TX Synchronous Gearbox Ports Sections
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g. Set the UG576/UG578 Chapter 3 - TX Asynchronous Gearbox Ports, TX Buffer Ports, TX
Pattern Generator Ports, and TX Polarity Control Ports sections (Figure 38).

ComponentName d_phy_gt

Basic Physical Resources Optional Features Structural Options

Select All Select Mone

teheader_in tlatclk_in tesequence_in

V| tebufstatus_out

Select All Select None

| bibufstatus_out

Select All Select Mone

dlybypass_in

tdlyen_in tedlyhold_in
tedlyovrden_in tedlysreset_in tedlyupdown_in
phalign_in tphalignen_in tphdlypd_in
tephdlyreset_in tephdlytstclk_in tephinit_in
phovrden_in tesyncallin_in tesyncin_in

tsyncmode_in tedlysresetdone_out tephaligndone_out

tphinitdone_out tesyncdone_out tesyncout_out

Select All SelectMone

prosforceerr_in bprbssel_in

‘

Select All SelectNone

V| tepolarity_in

)
X21750-101118
Figure 38: UG576/UG578 Chapter 3 - TX Asynchronous Gearbox Ports, TX Buffer Ports, TX Pattern Generator
Ports, and TX Polarity Control Ports Sections
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h. Set the UG576/UG578 Chapter 3 - TX Fabric Clock Output Control Ports, TX Phase
Interpolator PPM Controller Ports, and TX Configurable Driver Ports sections (Figure 39).

Component Mame d_phy_gt

Basic  Physical Resources | Optional Features | Structural Options

Select All Select Mone

tudlybypass_in | toutclksel_in v biprogdivreset_in

tirate_in teratemode_in ¥ boutclk_out

booutclkfabric_out teoutclkpes_out

tratedone_out

V| btprgdivresetdone_out

‘

Select All Select None

V| tepippmen_in

¥ tepippmovrden_in

‘

V| tepippmpd_in
| bipippmsel_in | tipippmstepsize_in
UGSTBUGSTS Chapter3-TX Configurable Driver Ports
bufdifictrl_in trdeemph_in V| udiffctrl_in
tediffpd_in V| teelecidle_in tinhibit_in
temaincursor_in tmargin_in tpisopd_in

V| tipostcursor_in bpostcursorine_in tprecursor_in

tprecursoriny_in V| tigpibiasen_in V| tgpistrongpdown_in

tgpiweakpup_in

phystatus_out rstatus_out

tswing_in ¥ gthten_out
+| gthtxp_out gtybn_out giytep_out
| tgpisenn_out | tigpisenp_out
rxpd_in txdetectr_in Y| tpd_in

X21751-101118

Figure 39: UG576/UG578 Chapter 3 - TX Fabric Clock Output Control Ports, TX Phase Interpolator PPM

Controller Ports, and TX Configurable Driver Ports Sections
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i. Setthe UG576/UG578 Chapter 3 - TX Out-of-Band Signaling Ports and Chapter 4 - RX

Analog Front End Ports sections (Figure 40).

Component Mame d_phy_gt

Basic Physical Resources Optional Features

Structural Options

‘

Select Al

tocominit_in

V| tepd_in

Select None

tecomsas_in

tepdelecidlemode_in

tecomwake_in

tecomfinish_out

Select All

¥ athrxn_in
atyrep_in

| mapisenp_out

‘

Select None

¥ athmp_in

| mapien_in

gtymen_in

| mapisenn_out

Select All

| melecidlemode_in
rccominitdet_out

reelecidle_out

‘

Select None

moobreset_in

mcomsasdet_out

tesysclksel_in

nicomwakedet_out

X21752-101118

Figure 40: UG576/UG578 Chapter 3 - TX Out-of-Band Signaling Ports and Chapter 4 - RX Analog Front End Ports
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Component Mame  d_phy_gt

Basic

Physical Resources

Optional Features

Structural Options

& XILINX.

j. Set the UG576/UG578 Chapter 4 - RX Equalizer (DFE and LPM) Ports section (Figure 41).

Select All

| medfeagectrl_in

nidfelfhold_in
ndfetapZhold_in
redfetap3ovrden_in
redfetapShold_in
nidfetapBovrden_in
ndfetap8hold_in
rxdfetap9avrden_in
redfetap11hold_in
ridfetap12ovrden_in

redfetap14hold_in

Select Mone

rxdfeagchold_in
rdfelfovrden_in
rdfetap2ovrden_in
rdfetapdhiold_in
rdfetapSovrden_in
rxdfetap7haold_in
rdfetap8ovrden_in
rxdfetap1 0hold_in
rdfetap11ovrden_in
rxdfetap13hold_in

ndfetapi14ovrden_in

rxdfeagcovrden_in
ndfelpmreset_in
rdfetap3hold_in
rdfetapdovrden_in
rdfetapGhold_in
rxdfetap7ovrden_in
rdfetap9hold_in
rxdfetap10ovrden_in
rdfetap12hald_in
rxdfetap13ovrden_in

rdfetap15hald_in

redfetapSovrden_in rxdfeuthold_in rxdfeutovrden_in
redfevphold_in rdfevpovrden_in rdfevsen_in
ridfexyden_in npmen_in rdlpmgchold_in

rlpmgcovrden_in
rdpmifheld_in
rlpmosovrden_in
rosintcfg_in
rcosintovrden_in

rosovrden_in

rdpmhfhold_in
relpmifklovrden_in
rmonitorsel_in
rKosinten_in
riosintstrobe_in

rkmonitorout_out

rdpmhfovrden_in
rxpmashold_in
roshold_in
rxosinthold_in
rcosinttestovrden_in

rosintdone_out

rosintstrobedone_out

X21753-101118

rosintstrobestarted_out

Figure 41: UG576/UG578 Chapter 4 - RX Equalizer (DFE and LPM) Ports Section
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k. Set the Chapter 4 - RX CDR Ports section (Figure 42).

Component Mame |d_ph3fj1

Basic |Physica| Resources Optional Features |Structural0pﬁons

‘

Select All Select Mone

| mcdrfregreset_in | mcdrhold_in | mcdrovrden_in
| medrreset_in | mcdrresetrsv_in | merate_in
+| rcdriock_out :I ricdrphdone_out

‘

Select All SelectNone

¥ mdlybypass_in | moutclksel_in ¥ | mprogdivreset_in
| mrate_in | mratemode_in ¥ moutclk_out
| moutclkfabric_out | moutclkpcs_out | mprgdivresetdone_out

| mratedone_out

‘

Select All Select Nane

| eyescanmode_in | eyescantrigger_in < mlpmen_in

| mrate_in | eyescandataerror_out

Select All Select Mone

/| rpolarity_in

‘

Select All Select Nane

| mprhscntreset_in | mprhssel_in < mprbserr_out

/| mprbslocked_out

(:]

X21754-101118

Figure 42: Chapter 4 - RX CDR Ports Section
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|.  Set the Chapter 4 - RX Byte and Word Alignment Ports section (Figure 43).

Component Mame |d_phth

Basic Physical Resources Optional Features Structural Options

Selact All Select Nane

| mcommadeten_in | mmcommaalignen_in | mpcommaalignen_in

‘

/| rxslide_in | mbyteisaligned_out | mbyterealign_out

| mcommadet_out

Select All Select Mone

| mBb10ben_in | mctrl0_out | mctrld_out

| mctri2_out | mctri3_out

‘

Select All Select Mane

¥'| mdlybypass_in ¥| dlyen_in ¥| mdlyovrden_in

Y| mdlysreset_in Y| mphalign_in ¥| mphalignen_in

Y| mphdlypd_in V| mphdlyreset_in ¥ mphovrden_in

| mslipoutclk_in | mslippma_in ¥| msyncallin_in

V| msyncin_in V| msyncmode_in ¥ mdlysresetdone_out
¥ | mphaligndone_out ZI rphalignerr_out +| nsyncdone_out

/| misyncout_out

‘

Select All Select Mone

| mbufreset_in | mbufstatus_out

(=)

X21755-101118

Figure 43: Chapter 4 - RX Byte and Word Alignment Ports Section
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m. Set the Chapter 4 - RX Clock Correction Ports section (Figure 44).

Component Mame d_phy_gt

Basic Physical Resources Optional Features Structural Options

Select All Select Mone

rBb10ben_in rcbufreset_in mbufstatus_out

riclkcorcnt_out

‘

Select All SelectMone

richbonden_in richbondi_in richbondlevel_in
richbondmaster_in nichbondslave_in richanbondseq_out
richanisaligned_out rcchanrealign_out rxchbondo_out

‘

Select All SelectMone

rgearboxslip_in ¥ mslide_in rxdatavalid_out

rcheader_out rxheadervalid_out restartofseq_out

‘

Select All Select Mone
rgearboxslip_in ndatclk_in ~ mxslide_in
mbufstatus_out rcheader_out rxheadervalid_out

Select All Select Mone

¥ musrclk2_in ¥ musrclk_in rxctrl0_out

rctri_out redata_out rxdataextendrsvd_out

X21756-101118

Figure 44: Chapter 4 - RX Clock Correction Ports Section

2.5 Gb/s GTH D-PHY Custom Design and GTH Transceiver Migration Guidelines

To customize the MIPI design (number of MIPI channels or GTH placement) based on this
reference design, read the following carefully before modifying the code.

GTH Reference Clock Configuration

USER TOP (KCU105 loop TOP) contains the code shown in Figure 45. The following
configuration is according to the clock solution of the example design of the KCU105 demo
board. Customers need to modify the parameters based on the location of the GTH transceiver
on the board [Ref 2].
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gth phy_top #
(
. SIMULATION ( SIMULATION )
, . DEVICE ( DEVICE )

) gth_phy_top_u
(

_s¥s_rst ( sys_rst )
,.aplllrefelksel_in 3 b110}, {3 BOO1}}
,.aplllrefelksel_in ( {{3'b110}, {3 BOOL}} )
,.epllrefelksel in {4{4{3" bi01}}, {4{3" 010

,-q0_refelld ri_ refelk
,-q0_refelld tx_refelk

)

)
,.a0_north_refelld ( 1"B0 )
,-q0_north_refelld ( 1"®0 i
,.a0_south_refelld ( 1"B0 )
,-q0_south_refelld ( 1"w0 i
,-al_refelld . ql_refelld )
,-ql_refelld gl_refelll i
,.al_north refelld ( 1"B0 )
,.ql_north refelld ( 1"®0 i
,-aql_south_refelld ( rx_refelk )
,-ql_south_refelld ( tx_refelk i
.. gthren_in ( gthran_in )
,.gthrep_in ( gthrzp_in i
, . gthtxn_out ( gthtzn_out )
, . gthtxp_out ( gthtxp_out i
, . fresrun_clk ( fresrun_clk )
,.mipl_recaver_ecllk [ )
,-txplleclksel _in ( txpllelksel_in )
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Figure 45: GTH Reference Clock Configuration in HDL Code
RX/TX 5lane Module

To support a wide range of design requirements, the reference design provides a fixed 4 data
lane + 1 clock lane MIPI TX and RX data processing module connected to the MIPI D-PHY PCS
layer. Each transceiver module maps to five standard GTH lanes named the RX/TX 5lane module.
This module is provided in the netlist.

You can generate GTH modules according to the method described in Implementing the 2.5G
Transceiver D-PHY Reference Design, customize the number of MIPI interface data lanes (data
lane < 4), and connect RX/TX 5lane modules through the logical channel adaptation layer.
When the number of data lanes is less than 4, the Vivado tools compile automatically to
optimize those channels by processing unused data channel ports on RX/TX 5lane.

Logical Channel Adaptation Layer between MIPI TX/RX5 Lane Module and GTH Transceiver

The data lane of the MIPI interface is sorted from DO to DN. The RX/TX 5lane’s data lane is also
sorted in this lane order, mapping one-to-one with the MIPI interface data.

To simplify the mapping relationship between the RX/TX 5lane data and clock lanes and the
transceiver physical lane, and to separate the transmitter and receiver channels from the GTH
transceiver (which must include both transmitter and receiver channels when the GTH
transceiver IP is generated), some HDL code is added between GTH_PHY_TOP.v and
GTH_transceiver_example_wrapper.v to implement a logical channel adaptation layer.
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& XILINX.

In this adapter layer, N (N < 8) independent logical channels are set up, and these N logical
channels are divided into two logical Quads, which are numbered in HDL code. Logical channels
0-3 (Q0 0-3) are included by logical Q0. Logical channels 4-7 (Q1 0-3) are contained by logical
Q1. The logical Quad has a mapping relationship with the physical transceiver Quad in code,
and the logical channel also has a mapping relationship with the physical transceiver channel.

In the HDL code, an example of a logical Quad is shown in Figure 46.

gth_phy_top #

(

F

. SIMULATION
. DEVICE

) gth_phy_top_u

(

.s¥s_rst

,-qplllrefelksel _in

.qplllrefellksel_in

,.epllrefelksel in

gl _refelld

refellkl

north refeclld
north refelll
south_refelld
_south_refelld

north refeclld
north refelll

. gthrzp_in

, . gthtxn_out

. gthtzp_out

, . freerun_elk

.mipl_recaver_clk

,-txpllelksel in

Figure 46:

( SIMULATION
( DEVICE

svs_rst

rx_refelk
tx_refelk
1" b0

1" B0

1" b0

1" B0
gl_refeclld
gl_refellkl
1" b0

1" B0
rx_refelk
tx_refeclk
gthrxzn_in
gthrxp_in
gthtxn_eout
gthtxp_out

freerun_clk

e A e e e e e e e e e e e e e e e e e e e

txpllelksel in

Logical Quad in HDL Code

{{3' b110}, {3’ bOO1}}
{{3" v110}, {3"bOOL}}
{{4{3" b101}}, {4{3" vO10}}]

B T .
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Note: Between the external MIPI interface data lane N to 0 and FPGA internal MIPI TX/RX 5lane modules
data lane N to 0, the data lane has a strict one-to-one correspondence from N to 0.
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Figure 47 describes the logical architecture of the channel adaptation layer in the reference

design.
FPGA
Gth_phy_top S — . — — — — — ]
I Phy_gt_example_wrapper .
. ol |
TX 5Lane | 7 External PCB
DN data lane : 35
IN<3 F——————————— o I MIP! interface (N < 4)
DO data lane | N logic lane adaptation | | RX/TX N lane data + 1 lane clock
L _——
- | (N<9) | [ Quad |
clock lane | o __ | | XX I
| | a1 -: | | | I .l MIPI TX Clock | | MIPI RX Clock |
I
- 2! RN
| |_ ————————— 1 | | | MIPI TX data DN | | MIPI RX data DN |
Rxslane  [#—— | @ T | | ] ]
DN data lane | ———————— — = 4 XX+1 | . : :
n<2 . | e |
JIVESE : | [ MIPI TX data DO MIPI RX data DO
DO data lane I I
+ | N
clock lane | o1 |
e — — e — 4
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Figure 47: Logical Architecture of Channel Adaptation Layer in Reference Design

On the GTH transceiver side, depending on the number of MIPI interface data lanes on the PCB
and design requirements, the physical location of the GTH transceiver can first be assigned, and
then the XDC constraints can be used to map between the GTH transceiver and logical channels.
See the constraint in Figure 49. The MIPI TX/RX 5lane module lane DO to DN and MIPI interface
DO to DN are re-mapped by logical channel adaptation layer within the FPGA.

The behavior of the MIPI data and clock lanes is equivalent to the logic channel adaptation
layer. However, the MIPI data lane has multiple lanes and a fixed lane number corresponding to
the 5lane module data lane, so usually, the MIPI data lane is constrained first, followed by the
MIPI clock lane on the GTH transceiver.

After determining the GTH transceiver position, the transceiver Quad location corresponding to
logical Q needs to be determined to configure the reference clock source. Figure 48 is a
mapping relation taking the KCU105 reference design as an example. (For GTH mapping refer to
Figure 24.) The figure shows MIPI TX 4 data lane + 1 clock lane, and MIPI RX 4 data lane + 1
clock lane.
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Gth_phy_top

Phy_gt_example_wrapper

& XILINX.

—mreee——--———_———————_ === -I
| N logic lane adaptation (N < 8) | 9
TX 5Lane | | T
DN data lane Q1 3 -
IN<3 TX channel 7 RX channel 7 | MIPI interface
DO data lane | | _ RX/TX 4 lane data + 1 lane clock
n I TX channel 6 RX channel 6 | i_Quad 1
clock lane I TX channel 5 RX channel 5 | | 227 : MIPI TX Clock MIPI RX Clock
| P —, RX channel 4 | | gl MIPITX data D3 MIPI RX data D3
I | | I MIPI TX data D2 MIPI RX data D2
| l«e— | —=Z | [ MIPI TX data D1 MIPI RX data D1
i I I | Quad MIPI TX data DO MIPI RX data DO
DN data lane I RX channel 3 | | 228 | EiEl gz
1
IN<3
DO data lane |« I TX channel 2 RX channel 2 | | :
+ | | |
s e I TX channel 1 RX channel 1 | |
| TX channel 0 RX channel 0 |
' [
| I
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Figure 48: Mapping Relation of KCU105 Reference Design

The MIPI interface TX is assigned to 4X GTH of a transceiver Quad, and RX4 data lane is
assigned to other 4X GTH of a transceiver Quad. In the reference design, the MIPI RX
interface is connected to logical channels 0-3 (QO0 0-3) of the logical QO0, and the MIPI
interface TX is connected to the QO logical channels 4-7 (Q1 0-3). On the other side of the
logical channel, to correctly connect the MIPI interface data lane DO-D3 to the TX/RX 5lane
data lane DO-D3, the RX 5lane module data lane connects to logical channels 0-3 (Q0-3),
and the TX 5lane module data lane connects to logical channels 4-7 (Q1 0-3).

In the reference design, the MIPI RX clock lane and MIPI TX data lane share a GTH
transceiver, while the MIPI TX clock lane and MIPI RX data lane share a GTH transceiver.
Because the data lane determines the logical channel for the transceiver, the clock lane has
the same logical channel number as the shared GTH data lane. The MIPI RX clock in the
reference design is projected to logical lane 6 (Q1 2), so the clock in the RX 5lane module
needs to be connected to logical lane 6. TX clocks are projected to logical lane 3 (QO0 3), and
then the clock lane of the TX 5lane module needs to be connected to logical lane 3 (adapted
according to the KCU105 demo board design).

Modify the MIPI_TX_USED and MIPI_RX_USED parameters in GTH_PHY_TOP.v to enable the
corresponding DRP CH. In the KCU105 reference design:

MIPI_TX_USED

8'b11111000

MIPI_RX_USED

8'b01001111

In the KCU105 reference design, logic QO corresponds to Quad228, and Q1 corresponds to
Quad227. If the reference clock is output from Quad228, connect the QPLL/CPLL on each
GTH Quad to RefreclkO/Refreclkl and SouthRef0/SouthRefl in the HDL code.
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set_property LOC GTHES_CHANNEL _X0T16 [get_cells -hierarchical -filter {NAME =~ #gen_channel_container[3].
set_property LOC GTHES_CHAWNEL _X0T17 [get_cells -hierarchical —filter {WAME =" #gen_channel_container [3].
set_property LOC GTHES_CHANNEL_X0T18 [get_cells -hierarchical —filter {WAME =" #gen_channel_container [3].
set_property LOC GTHES_CHANMNEL_X0T19 [get_cells -hierarchical —filter {WAME =" #gen_channel_container [3].
set_property LOC GTHEZ_CHAIMEL Z0T15 [get_cells -hierarchical -filter {IIAME =" #*gen_channel container [4].
set_property LOC GTHES_CHAWNEL Z0T12 [get_cells -hierarchical —filter {WAME =" #gen_channel container[4].
set_property LOC GIHES_CHANNEL X0T13 [get_cells -hierarchical —filter {IIAME =" #*gen_channel_ container[£].
set_property LOC GTHEZ_CHATNEL Z0T14 [get_cells -hierarchical -filter {IIAME =" #gen_channel container[4].

~

~

#gen_gthe3_channel _inst[0].
#gen_gthe3_channel _inst[1].
#gen_gthe3_channel _inst[2].
#gen_gthe3_channel _inst[3].
#gen_gthed_channel inst[0].
#gen_gthed_channel inst[1].
#gen_gthed_channel inst[2].
sgen_gthe3_channel_inst[3].

& XILINX.

5. Add constraints in the XDC to implement MIPI data lane (the MIPI interface connects to the
GTH transceiver) and FPGA logic channel mapping.

GTHES_CHANNEL_FRIM_INST}]
GTHES_CHANNEL_FRIM_INST}]
GTHES_CHANNEL_FRIM_INST}]
GTHES_CHANNEL_FRIM_INST}]
GTHES_CHANNEL_FRIM_INST}]
GTHES_CHANNEL_FRIM_INST}]
GTHES_CHANNEL_FRIM_INST}]
GTHES_CHANNEL_FRIM_INST}]

set_property LOC GTHES_COMMON_E0T4 [get_cells -hierarchical —filter {NAME =" %gth_com_0/common_inst/gthe3_common_gen. GTHES_COMMON_PRIM_INST}]

~

set_property LOC GTHES_COMMON_ZOT3 [get_cells -hierarchical —filter {WAME =" #gth_com_1/common_inst/gthe3_common_gen. GTHES_COMMON_FRIM_INST}]

X21686-100418

Figure 49: GTH Mapping to PCB

Based on this mapping method, customers can customize GTH mapping by modifying the
source code (Figure 50). For example, you can place four MIPI TX data lanes on the GTH
transceiver channel shared by the transceiver Quad where the MIPI RX data lane is located. The
MIPI TX clock lane is placed in the MIPI RX clock lane to share a GTH transceiver channel. The
DHL code needs to be modified in the reference design to connect the TX 5lane module data
lane to TX logical channels 0-3 (Q0-3), TX 5lane module clock lane to TX logical channel 6 (Q1
2), and RX 5Lane needs no change. The corresponding DRP module enabling parameters and
related reset chains should be modified as shown below:

MIPI_TX_USED

8'b01001111

MIPI_RX_USED = 8'b01001111

Update the XDC with the new TX GTH location. At the same time, the location of the transceiver
Quad has changed, and the clock parameters of the logical Q0 and Q1 in the code must be
modified accordingly.
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Gth_phy_top

Phy_gt_example_wrapper

—mreee——--———_———————_ === 'l
| N logic lane adaptation (N < 8) | G_)‘
TX 5Lane | | T
DN data lane Q1 S .
IN<3 TX channel 7 RX channel 7 | MIPI interface
DO data lane | | _ RX/TX 4 lane data + 1 lane clock
o I RX channel 6 | i_Quad 1
clock lane I TX channel 5 RX channel 5 | | 297 | MIPI TX Clock MIPI RX Clock
| TX channel 4 RX channel 4 I : MIPI TX data D3 MIPI RX data D3
I | | I MIPI TX data D2 MIPI RX data D2
I le—| - == I MIPI TX data D1 MIPI RX data D1
RX 5Lane | | Qo I | Quad
DN data lane | TX channel 3 RX channel 3 | | 228 | MIPI TX data DO MIPI RX data DO
1
IN=<3
DO data lane | | TX channel 2 RX channel 2 | | :
+ | I I
e EmE I TX channel 1 RX channel 1 | |
I TX channel 0 RSX channel 0 I
' |
| I
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Figure 50: Mapping Relation of a Customize Design Example
GTH DRP Chain

Referring to Figure 51, the GTH PHY TOP contains N (N < 8) DRP channel control units and two
DRP common control units to support a multiple line rate MIPI interface. In the RX 5Lane
module, there is a DRP control module for CDR five times oversampling. All the design
requirements of the DRP control module can be referred to UltraScale Architecture GTH
Transceivers User Guide (UG576) [Ref 2].

ﬁ IMPORTANT: If you redefine the MIPI channel number and change the GTH transceiver placement based on
the reference design, you also need to modify the DRP chain.

Note: The DRP channel module is optional in MIPI fixed-line rate mode, but the DRP common module
is required.
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GTH PHY TOP

Phy_gt_example_wrapper

»> TX 5Lane

\

N lane (n < 8)

RX 5Lane »

DRP(CDR)

\

N X L DRP_CH
n<8

\

2X

DRP_CM

\

Common1 (Q1)

Common0 (QO0)

Y
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Figure 51: DRP Chain of 2.5G MIPI D-PHY Core

i? IMPORTANT: All the source code in the reference design can be modified, except the RX/TX 5lane module.
In theory, the code can be modified to change the location of the GTH transceiver and the channel number.
At present, only designs with data lane < 4 are supported. Follow the requirements in the UltraScale
Architecture GTH Transceivers User Guide (UG576) [Ref 2] and comply with the reference design constraints.
Contact the local Xilinx sales office for support.

ﬁ IMPORTANT: I/f you modify the TX/RX lane, all the GTH clock chains, reset chains, control paths, and DRP
chains should be modified together.

Summary of GTH Transceiver Mapping

Xilinx recommends carrying out the GTH transceiver mapping according to the reference
design (Figure 24). Use the same GTH transceiver location relationship as the reference design
on your board so that your new design is easier to implement, with only a few lines of code
about the clock needing to be modified.

Observe the following guidelines to design a custom MIPI interface and modify the GTH
transceiver mapping:

1. According to the rules described in UltraScale Architecture GTH Transceivers User Guide
(UG576) [Ref 2] and I/O Assign/Timing Constraints of the 2.5G MIPI Solution, the GTH clock
should be determined before GTH placement, making sure to allocate the CPLL and QPLL
clock resources.

2. The reference design is a TX/RX 4 data lane + 1 clock lane design. If you have different lane
and location requirements, refer to Implementing the 2.5G Transceiver D-PHY Reference
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Design to regenerate the GTH IP based on the reference design, then modify the HDL code
to connect to the TX/RX 5lane module.

3. The modules related to GTH mapping provide customers with open source code, namely,
the User_top (KCU105_loop_top.v), Gth_Phy_top.v, and Phy_gt_example_wrapper
modules. Users need to modify the GTH port mapping, reset chain, and DRP interface
according to the reference design.

Multi-Protocol Migration

The 2.5G transceiver D-PHY solution is flexible in the selection of QPLL or CPLL. At the same

time, the reference design can flexibly extract all the transceiver ports that are not used at the
MIPI level. Thus, it is possible to migrate the 2.5G transceiver D-PHY design to the same eight
lanes as the transceiver interface of other protocols. Attention should be paid to the following:

« The key point is how to design a clock system, such as in Figure 52.
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HDMIH RX/5.94G MIPI TX DATA/1.5G
MIPI_REFCLK_150M REFCLKO CLK_SEL w QPLLOA |
RX_CHANNEL3 TX_CHANNEL3
REFCLK1 |
HDMI1_OUT_TX_REF_297M CLK_SEL RX_CHANNEL2 TX_CHANNEL2
e EFD CPLL123 | QUAD 228
RX_CHANNEL1 TX_CHANNEL1
—NORTHREF1p»- | CLK_SEL CPLLO
RX_CHANNELO TX_CHANNELO
MIPI RX HSCLK/1.25G
MIPI TX HSCLK/750M
SOUTHREFO CLK_SEL CPLL3
RX_CHANNEL3 TX_CHANNEL3
Ir
HDBASE_TX_REF_297M REFCLKO CLK_SEL
CPLLO12 RX_CHANNEL2 TX_CHANNEL2 AR
RX_CHANNEL1 TX_CHANNEL1
RX_CHANNELO TX_CHANNELO
MIPI_REFCLK_250M — ——@—REFCLK1—Jp| CLK_SEL QPLLO,1
MIPI RX DATA/2.5G HDMI TX/5.94G
@—SOUTHREF1-J» CLK_SEL | QPLLO,1 RX_CHANNEL3 TX_CHANNEL3
RX_CHANNEL2 TX_CHANNEL2
QUAD 226
RX_CHANNEL1 TX_CHANNEL1
VbyOne_REF_148.5M REFCLKO CLK_SEL RX_CHANNELO TX_CHANNELO
MIPI RX DATA/2.5G Vbyone TX/2.97G
MIPI RX HSCLK/1.25G
L SOUTHREF 1| CLK_SEL CPLL3
RX_CHANNEL3 TX_CHANNEL3
SOUTHREFO»- | CLK-SEL QPLLO/ RX_CHANNEL2 TX_CHANNEL2
HDMI_CLK_156.25M | QUAD 225
| RX_CHANNEL1 TX_CHANNEL1
REFCLKO RX_CHANNELO TX_CHANNELO
e
HDMI0_CLK_297M REFCLK1 HDMIO RX/5.94G Vbyone TX/2.97G
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Figure 52: A Complex Customer Design Transceiver Mapping and GTH Transceiver Clock Solution Example
(UltraScale FPGAs)

« Define the use of the DRP interface, and understand the DRP control chain of the reference
design. Whether or not other protocol transceiver interfaces need to use DRP, such as when
using DRP, you must consider how to time-share DRP ports with MIPI interfaces.

« According to the designed clock system, modifying the open HDL code and the reset chain
design is very critical.
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Porting the Design from UltraScale to UltraScale+ FPGAs

To port your design from UltraScale to UltraScale+ FPGAs, use an UltraScale+ FPGA D-PHY
reference design. Hardware design rules fully comply with the UltraScale FPGA design
requirements.

Note: The current UltraScale+ FPGA GTH transceiver clock system is more complex, and the
UltraScale+ FPGA 2.5G MIPI D-PHY reference design currently does not support CPLL. This limitation
must be taken into account when designing the GTH transceiver mapping to previous PCB designs.

PCB Design Guidelines

1. Component placement:

The attenuation network resistors on the TX side must be close to the FET switch device, but
the attenuation network resistors (see Figure 10) and the FET switch device can be placed at
any location on the PCB.

2. Guidelines and recommendations:

For the PCB wiring of the HS section, refer to the requirements in the “"Design of Transitions
for High-Speed Signals” chapter of UltraScale Architecture PCB Design User Guide (UG583)
[Ref 8] for optimizing the impedance continuity of the vias and pads.

There is no special requirement for the LP device.
3. Guidelines for insertion loss:

The GTH transceiver-based D-PHY supports TX pre-emphasis and RX equalization functions.
TX pre-emphasis can support 0~6 dB insertion loss by setting the TXPOSTCURSOR[4:0] for
line rates higher than 500 Mb/s. RX equalization functions can support 0~6 dB insertion
loss by setting these attributes. (This is included in the reference design.)

For UltraScale FPGAs:

o RXDFELPM_KL_CFGO[15:9] = 0x40;
o RXLPM_KH_CFGO[15:9] = 0x40;

o RXLPM_GC_CFG[12:8] = Ox1F;

For UltraScale+ FPGAs:

o RXDFELPM_KL_CFG1[15:9] = 0x40;
o RXLPM_KH_CFG1[15:9] = 0x40;
o RXLPM_GC_CFG[15:9] = Ox1F;

Figure 53 shows eye diagrams of a data stream after 6 dB insertion loss (left) and after being
processed by equalization circuits (right).
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Reference Design

Download the reference design files for this application note from the Xilinx website.

Table 17 shows the reference design matrix.

Table 17: Reference Design Matrix

Parameter

Description

General

Developer name

John Hu

Target devices

UltraScale and UltraScale+ FPGAs

Source code provided

Yes

Source code format

Design uses code and IP from existing Xilinx
application note and reference designs or
third party

MIPI CSI-2 RX and MIPI DSI-2 TX IP provided
by Northwest Logic

Simulation

Functional simulation performed No

Timing simulation performed N/A

Test bench used for functional and timing No

simulations

Test bench format Verilog

Simulator software/version used Vivado tools 2018.2
SPICE/IBIS simulations N/A

Implementation

Synthesis software tools/versions used

Vivado tools 2018.2
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Table 17: Reference Design Matrix (Cont’d)

Parameter Description
Implementation software tools/versions Vivado tools 2018.2
used
Static timing analysis performed No

Hardware Verification

Hardware verified Yes

Hardware platform used for verification KCU105 evaluation board

2.5G MIPI D-PHY Design (Only for Simulation)

Figure 54 shows the HDL hierarchy in the 2.5G MIPI D-PHY design. Prbs_any.v is used to
generate and detect the test signal and is not necessary in the customer design. The 2.5G MIPI
D-PHY design contains simulation files that support the simulation of MIPI HS signals.

~ Simulation Sources (4
W sim_1 (4

> Verilog Header (1

~ P Isim_top_os_vS (sim_top_kcu105_va.v) (2)

@ multi_rate_tb_u: multi_rate_tb (multi_rate_toy
> @ kcu108_loop_top_u: kou105_loop_top (kcud105_loop_topy) (9

X21732-101018

Figure 54: HDL Hierarchy in 2.5G MIPI D-PHY Design

Note: LP signal simulation is not supported by the 2.5G MIPI D-PHY design because the LP signal
contains a handshake protocol and is managed by the MIPI MAC layer. You can integrate the 2.5G D-PHY
design with MIPI CSI-2/MIPI DSI-2 IP to develop a demonstrable system on this hardware platform.

The following two subsystem demonstrations use these MIPI CSI-2 RX/MIPI DSI-2 TX IP cores
from Xilinx IP partner Northwest Logic.
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Hardware Platform

To build a 2.5G MIPI demonstration platform, you require a KCU105 board [Ref 9] or ZCU102
board [Ref 10] with an Avnet 2.5G MIPI development suite (card number: ADX=FMC-MIPI2.5G).

shows an overview of the hardware platform.

-
=
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=4
m
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Figure 55: Hardware Platform Overview
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The Avnet 2.5G MIPI development suite contains several sub-cards:

« Avnet 2.5G MIPI FMC card (Figure 55).

I] iyZ ”5___
G0 ioh0d

2kl
i Lr.’d
Euely o€ HD

"07IARY
1IN HJHJ LINAY

Figure 56: Avnet 2.5G MIPI FMC Card

& XILINX.
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Note: MIPI TX and RX connectors are included on this board. Each connector supports connections

to MIPI CSI-2 or MIPI DSI-2 interfaces.
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« MIPI camera display adapter cards (Figure 57).

X21713-101018

Figure 57: MIPI Camera Adapter Card (Left) and Display Adapter Card (Right)
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MIPI loopback adapter card (Figure 58).

. SSNINX
i NI

YAVNET-MIPI ST
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Figure 58: MIPI Loopback Adapter Card
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Figure 59 shows the 2.5G MIPI subsystem in pass-through mode.
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Figure 59: 2.5G MIPI Subsystem in Pass-through Mode

To run this demo, you require the KCU105 board, Avnet 2.5G MIPI FMC card, Avnet MIPI camera
adapter card, and MIPI display adapter card. The video stream generated by the MIPI camera
adapter card is sent to the MIPI DSI-2 TX (on the Avnet 2.5G MIPI FMC card) and HDMI™
interface (on the KCU105 board) simultaneously through the MIPI CSI-2 RX interface (on the
Avnet 2.5G MIPI FMC card). The DSI-2 TX can also be switched to send a fixed video pattern
from the Test Pattern Generator module.

Note: For more information about how to set up the demo, see the readme. txt in the reference design
ZIP file.

Running the 2.5G MIPI Subsystem Demo in Pass-through Mode on the KCU105
Board

Xilinx only provides the bit file for the demo (limited by the Northwest Logic IP license
agreement). You can build the demo quickly using the hardware platform and programming the
FPGA on the KCU105 board with the bit file.

Note: For more information about the 2.5G MIPI subsystem hardware and logic design, contact Avnet
and Northwest Logic.
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Figure 59 shows the 2.5G MIPI subsystem in loopback mode.
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Figure 60: 2.5G MIPI Subsystem in Loopback Mode

To run this demo, you require the KCU105 board, Avnet 2.5G MIPI FMC card, and MIPI loopback
adapter. It is currently difficult to find a 2.5G MIPI interface camera in the market, so the
loopback card was provided by the Avnet 2.5G MIPI development suite. This was used to
connect the MIPI RX and DSI TX on the FMC board directly for the 2.5G MIPI loopback test.

Note: For more information about how to set the demo, read the readme. txt in the reference design
ZIP file.

Running the 2.5G MIPI Subsystem in Loopback Mode on the KCU105 Board

Xilinx only provides the bit file for the demo (limited by the Northwest Logic license
agreement). You can build the demo quickly using the hardware platform and programming the
FPGA on the KCU105 board with the bit file.

Note: For more information about the 2.5G MIPI subsystem hardware and logic design, contact Avnet
and Northwest Logic.

KCU105 Board FMCH VADJ Adjustment
The 2.5G MIPI FMC's intelligent platform management interface (IPMI) can make the KCU105

board adjust the VDJ automatically so that users do not need to make any adjustments.
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Conclusion

The use of simple external circuits, such as those presented in this application note, make it
possible to connect an FPGA to an ASSP device via its MIPI interface, supporting up to 2.5G.

Documentation Navigator and Design Hubs

Xilinx® Documentation Navigator provides access to Xilinx documents, videos, and support
resources, which you can filter and search to find information. To open the Xilinx
Documentation Navigator (DocNav):

« From the Vivado® IDE, select Help > Documentation and Tutorials.
« On Windows, select Start > All Programs > Xilinx Design Tools > DocNav.

« At the Linux command prompt, enter docnav.

Xilinx Design Hubs provide links to documentation organized by design tasks and other topics,
which you can use to learn key concepts and address frequently asked questions. To access the

Design Hubs:

« In the Xilinx Documentation Navigator, click the Design Hubs View tab.

« On the Xilinx website, see the Design Hubs page.

Note: For more information on Documentation Navigator, see the Documentation Navigator page on

the Xilinx website.
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