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Summary

This application note targets Ethernet designs that require dynamic switching between 10 Gb/s
and 40 Gb/s using high-speed serial I/O links. The reference design uses the AMD Ethernet
solution suite along with an AMD GTH transceiver to set up the Ethernet interface. The
transceiver used to interface with the 10G Ethernet physical coding sublayer/physical medium
attachment (PCS/PMA) core is also used for one of the four transceivers required for the 40G
Ethernet PCS/PMA IP core. The rate switching is handled using the dynamic reconfiguration
port (DRP) of the transceiver.

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

Reference Design

The reference design is based on these AMD Ethernet IP cores, which support 10 GbE and
40 GbE:

« 10G/25G High Speed Ethernet Subsystem
« 40G/50G High Speed Ethernet Subsystem

For more information on these IP cores, see the 10G/25G High Speed Ethernet Subsystem
Product Guide v2.1 (PG210) [Ref 1] or the 40G/50G High Speed Ethernet Subsystem Product
Guide v2.1 (PG211) [Ref 2].

The two interfaces are alternatives to each other, which means that the 10 GbE reuses one of the
four SerDes used in the 40 GbE interface. The interface supports 1x 10 GbE, one lane at
10.3125 Gb/s and 1x 40 GbE, and four lanes at 10.3125 Gb/s. When working at 10 Gb/s, the
unused transceivers are in power down to limit the power consumption. The active interface can
be selected at any time by driving a single bit port. The complexity associated with change in
real time is handled by the IP. All customization is in the transceiver wrappers and not in the IP
cores generated from the IP catalog. Consequently, it is easy to port the entire IP to a different
version of the tools. The switchable IP is simulated and tested for the Vivado™ design suite
2017.3 for the UltraScale™ and UltraScale+™ devices.
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Reference Design

AMD ¢

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

checklist in Table 1 shows the reference design matrix.

Table 1: Reference Design Matrix

Parameter

Description

General

Developer name

AMD

Target devices

UltraScale and UltraScale+ devices

Source code provided

Yes

Source code format

Verilog

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

party

10G/25G High Speed Ethernet Subsystem v2.1
40G/50G High Speed Ethernet Subsystem v2.1

Simulation

Functional simulation performed Yes
Timing simulation performed No
Test bench used for functional and timing Yes
simulations

Test bench format Verilog

Simulator software/version used

Vivado simulator 2017.3

SPICE/IBIS simulations

No

Implementation

Synthesis software tools/versions used

Vivado synthesis 2017.3

Implementation software tools/versions used

Vivado implementation 2017.3

Static timing analysis performed Yes
Hardware Verification
Hardware verified Yes

Hardware platform used for verification

KCU105 and ZCU102 evaluation boards
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Hardware Architecture

AMD ¢

Hardware Architecture

Figure 1 shows the high-level detail of the reference design.
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Figure 1: Hardware Block Diagram
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The transceivers are extracted from the 10 GbE and 40 GbE IP cores to have a common PHY
shared with the two cores. The logic for managing the clock, reset, and startup of the
transceivers supports this structure.

The Ethernet cores are independent and the transmitter side is selectable via a 2:1 multiplexer.
To support the correct rate, some attributes of the transceivers must be modified. This
operation is managed by the DRP controller. The 2:1 multiplexer and the DRP controller use a
common signal, driven by the user, to select the active Ethernet core and dynamically
reconfigure the transceivers. The values of the attributes are defined by the design and stored

in the DRP controller.
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Hardware Architecture

Clocking and Reset

AMD ¢

The clocking architecture is not the same for the 10G and 40G because the datapath width of
the two IP cores is different. The receiver and transmitter datapath width of the 10 GbE core is

64 bits and, consequently, the core frequency is 156.25 MHz (see Figure 2).

106
GTHE4 312.5 MHz. RXUSRCLK?2 156.25 MHz
RXOUTCLK > BUFG_GT
»| RXUSRCLK2 »| BUFG_GT | _RXUSRCLK 312.5 MHz
|—> RXUSRCLK
Figure 2: 10 GbE Clock Architecture

» To Core

X20138-120517

The receiver and transmitter datapath of the 40 GbE core is 32 bits for the single transceiver,
and, consequently, the core frequency is 312.5 MHz (see Figure 3).
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Hardware Architecture AM D n

To support both clocking structures, the architecture has been modified by using the BUFG_GT
functionality to dynamically change the divider as shown in Figure 4. These details are true for
both the transmitter and the receiver side.

10G/40G Speed Select

DRP <
Controller

001 (106) N
000 (40G)

DIV

\lii/‘

10G/40G

GTHE4 312.5 MHz. RXUSRCLK2 156.25/312.5 MHz _
RXOUTCLK BUFG_GT » To Core

\

RXUSRCLK 312.5 MHz

» RXUSRCLK2 BUFG_GT

|—> RXUSRCLK

Y

X20140-011518
Figure 4: New Clocking Architecture
The two IP cores share the same Quad phased-lock loop (QPLL) in the same Quad. For this

reason, the code has been modified to have a single common cell. The reset architecture is
completely independent, so each IP has its original dedicated logic.
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Hardware Architecture AM D n

Datapath

The user datapath width of the GTHE channel for 10G Ethernet is configured as 64 bits, and the
user data width for 40G Ethernet is configured as 32 bits x4 channels = 128 bits. The datapath
has been modified to support both widths. See Figure 5 for datapath connection details.

10G Wrapper GT Wrapper
GTHE4 CHANNEL 0
128 128
128 | 64 64 128 -
userdata_tx[127:0] [127:64]=0 =
10G TXDATA [127:0] RXDATA [127:0]
Core
128 GTHE4 CHANNEL 1 128
128 | 512 TXDATA[127:0] RXDATA [127:0] 512 | 128
40G Wrapper ) 128 GTHE4 CHANNEL 2 128
1 >
TXDATA [127:0] RXDATA [127:0]
128 | 128 128 | 128 userdata_tx[127:0]
| 40G 128 GTHE4 CHANNEL 3 128
Core >
TXDATA [127:0] RXDATA [127:0]
A
10G/40G speed select DRP
Controller

X20141-120517

Figure 5: Datapath

The GTHE channel 0 is the transceiver shared between 10 GbE and 40 GbE. Due to the different
data width, some attributes of this transceiver must be configured accordingly to the selected
Ethernet core. The configuration is managed through a DRP controller. The DRP controller is the
block that automatically reconfigures the transceiver every time the speed selector is asserted
low (10G) or high (40G). The default configuration during start up is 40G.
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Hardware Architecture

AMD ¢

Wrapper Interface

The reference design top.v can be instantiated directly in a customer design or it can be

nd ZCU102 evaluation boards with the test bench top_test. The ports in
are connected to the wrapper top_inst (top.v). These ports follow the
selected configuration of the IP cores. Top_inst is instantiated in top_test connected to the test

tested on the KCU105 a
the 10G and 40G cores

and debug logic for functional simulation and test in hardware (see Figure 6).
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>
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eth_40g_exdes_inst (eth_40g_exdes

gt_mux_wrapper_inst (gf_mux_wrapper
i_eth_10g40g_core_gtwiz_userclk_rx_inst (eth_10040g_ultrascale_mnx_userclk
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The ports are available
// 40G PORTS. See the
[Ref 1] or the 40G/50G

X20098-113017

Figure 6: Reference Design Structure

in the module top.v organized as two groups called // 10G PORTS and
10G/25G High Speed Ethernet Subsystem Product Guide v2.1 (PG210)
High Speed Ethernet Subsystem Product Guide v2.1 (PG211) [Ref 2] for

the description and usage of the ports in top.v.
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Hardware Architecture AM D n

General purpose I/Os in the top-level top test.v are provided to control the reference
design. The user input and user output ports in the top-level top test.v are listed in Table 2.

Table 2: Portlistin top test.v

Name Size Direction Description
sys_rst 1 Input Global system reset
gt_refclk_p 1 Input Differential input clk to transceiver, 156.25 MHz
gt_refclk_n 1 Input Differential input clk to transceiver, 156.25 MHz
gt_rxp_in_0 1 Input Differential serial transceiver receiver input for lane 0
gt_rxn_in_0 1 Input Differential serial transceiver receiver input for lane 0
gt_txp_out_0 1 Output Differential serial transceiver transmitter output for lane 0
gt_txn_out_0 1 Output Differential serial transceiver transmitter output for lane 0
gt_rxp_in_1 1 Input Differential serial transceiver receiver input for lane 1
gt_rxn_in_1 1 Input Differential serial transceiver receiver input for lane 1
gt_txp_out_1 1 Output Differential serial transceiver transmitter output for lane 1
gt_txn_out_1 1 Output Differential serial transceiver transmitter output for lane 1
gt_rxp_in_2 1 Input Differential serial transceiver receiver input for lane 2
gt_rxn_in_2 1 Input Differential serial transceiver receiver input for lane 2
gt_txp_out_2 1 Output Differential serial transceiver transmitter output for lane 2
gt_txn_out_2 1 Output Differential serial transceiver transmitter output for lane 2
gt_rxp_in_3 1 Input Differential serial transceiver receiver input for lane 3
gt_rxn_in_3 1 Input Differential serial transceiver receiver input for lane 3
gt_txp_out_3 1 Output Differential serial transceiver transmitter output for lane 3
gt_txn_out_3 1 Output Differential serial transceiver transmitter output for lane 3
gt_10g40g_sel 1 Input 10G/40G speed select
clk_in_p 1 Input 300 MHz stable/free running input clk
clk_in_n 1 Input 300 MHz stable/free running input clk
This signal is used to restart the packet generation and reception
restart_tx_rx 1 Input for the data sanity test when the packet generator and the packet
monitor are in idle state
rx_gt_locked_led_10G 1 Output Indicates 10 GbE transceiver lock
rx_block_lock_led _10G 1 Output Indicates 10 GbE core block lock
rx_gt_locked_led_40G 1 Output Indicates 40 GbE transceiver lock
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DRP Controller AM D n

Table 2: Portlistin top test.v (Cont’d)

Name Size Direction Description
rx_block_lock_led _40G 1 Output Indicates 40 GbE core block lock
5 Output This signal represents the test status/result:

+ 5'd0: Test did not run

« 5'd1: 10GE/40GE core test successfully completed

« 5'd2: No block lock on any lanes

« 5'd3: Not all lanes achieved block lock

« 5'd4: Some lanes lost block lock after achieving block lock
« 5'd5: No lane sync on any lanes

« 5'd6: Not all lanes achieved sync

« 5'd7: Some lanes lost sync after achieving sync

« 5'd8: No alignment status or rx_status was achieved

completion_status .
mpletion_statu « 5'd9: Loss of alignment status or rx_status after both were

achieved
* 5'd10: Transmitter timed out
« 5'd11: No transmitter data was sent

« 5'd12: Number of packets received did not equal the number of
packets sent

« 5'd13: Total number of bytes received did not equal the total
number of bytes sent

« 5'd14: A protocol error was detected
« 5'd15: Bit errors were detected in the received packets
¢ 5'd31: Test is stuck in reset

For information on the features and architectures of the 10 GbE IP and the 40 GbE IP, see the
10G/25G High Speed Ethernet Subsystem Product Guide v2.1 (PG210) [Ref 1] or the 40G/50G
High Speed Ethernet Subsystem Product Guide v2.1 (PG211) [Ref 2].

DRP Controller

The DRP controller block uses the same code delivered with the 7G to 710G Ethernet Dynamic
Switching Using Xilinx High Speed Serial /0O Solution Application Note (XAPP1243) [Ref 3], but
customized for this specific case.

The DRP controller is the block that automatically reconfigures the transceiver every time the
speed selector is asserted Low (10G) or High (40G). The stable/free running clock is used as the
clock for the DRP controller. This clock is also used for all of the logic in the design that needs
to access the DRP port of the transceiver. At start-up, all ports are configured as 40G.

The DRP controller implements the finite state machine (FSM) to write attribute values in the

corresponding transceiver registers. The FSM is synchronized by a stable clock and is triggered
by the multiplexer select line (user input). The attribute values of the transceiver for both 10G
and 40G protocols are hard coded and stored as ROM in the DRP controller. The output of the
DRP controller is mapped to the transceiver DRP interface. The implemented FSM follows the

XAPP1326 (v1.0.1) September 19, 2024 [ Send Feedback ] 9



https://www.amd.com/en/forms/feedback/document-feedback.html?docType=Application_Notes&docId=XAPP1326&Title=10G%20to%2040G%20Ethernet%20Dynamic%20Switching%20Using%20AMD%20High-Speed%20Serial%20I%2FO%20Solution&releaseVersion=1.0.1&docPage=9

DRP Controller AM D n

standard procedure of writing or reading the DRP registers of the UltraScale device GTH
transceiver, as described in the UltraScale Architecture GTH Transceivers User Guide (UG576)
[Ref 4]. The DRP controller FSM flowchart is shown in Figure 7.

RESTART

ADDRESS

WAIT_A_DRDY

BITMASK

BITSET

WRITE

WAIT_DRDY

Register Count >0

GT_RST

X20142-120517

Figure 7: Design Flow
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See Table 3 for the description of each state shown in Figure 7.

Table 3: Finite State Machine Description

State Description
RESTART The ROM starting address and the output values are initialized to zero.
WAIT_LOCK The FSM polls for the channel phased-lock loop (CPLL) lock (for 1G) or the QPLL (for 10G). After

the PLL is locked, it moves to the next state.

The FSM waits in this state until the multiplexer select line value (user input) is toggled to select
WAIT SEN the 1G rate option from the previous 10G selection and vice versa. Based on this trigger, the
starting address to fetch the attribute values from the ROM is assigned.

ADDRESS In this state, a read from the transceiver registers is enabled, and the attribute register address is

set.
The logic implements a read to verify the write procedure. Consequently, the attribute values are
WAIT_A_DRDY initially read and then altered. This state polls for the ready signal from the transceiver to be
asserted.
BITMASK The portions of bits of the attribute register that are not to be altered are masked in this state.
BITSET The attribute register bits are set in this state.
WRITE The new value of the attribute is written to the corresponding register location.
WAIT_DRDY This state polls for the ready signal from the transceiver to be asserted as an acknowledgment to

a successful write.

In this state, the total number of the attribute registers to be changed is monitored. The FSM moves
REGISTER COUNT | to the ADDRESS state until the register count becomes zero, indicating that all the registers are
written.

The transceiver channel is reset to apply the new attribute values written. The FSM moves to the
GT_RST WAIT LOCK state and subsequently remains in the WAIT_SEN state until another SEN rising pulse
is obtained.
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Ethernet Core Configuration

Figure 8 through Figure 15 show the options used to generate the two 10G and 40G Ethernet
cores.

10G/25G Ethernet Subsystem Configuration

4 Re-customize IP ==

10G/25G Ethernet Subsystem (2.3) ‘

@ Documentation IP Location (C Switch to Defaults

Show disabled ports Component Name eth_10g
Configuration MAC Options GT Selection and Configuration Shared Logic
General
Select Core Ethernet MAC+PCSIPMA 64-bit
Speed 10.3125G 4 Mum of Cores 1 v
Data Path Interface | AX| Stream v Clocking Asynchronous
PCS/PMA Options

Base R/KR Standard

ll[+ ot_serdes_irterface_0 * BASE-R BASE-KR

E|+ axietx 0

Il|4+ pte_2step_usrit 0

|| o+ ot tx 0 axis_rz_0 4+ E Include FEC Logic Auto Negotiation/Link Training Logic
ll{+ etir=o stat_tx 0 + |||

NI+ ptp_2step_ctiit_o stat_r=_0 + |||

— rz_core_ck_0 pt_stat it 0+ |||

rx_serdes_ch_0 stet_rc_status_0
rx_serdes_reset_0 te_unfaut_0
tx_core_ck_0 rx_preamilzout_D[55:0]

Control and Statistics Interface
te_reset_0

- rx_reset [
= tx_preamblein_0[55:0] * Control and Status Vectors

Include AXI4-Lite

Licensing Information

1. Ethernet MAC+PCS/PMA (BASE-R) and BASE-KR require two separate fee based license keys (ov_eth_mac_pcs and xowv_eth_basekr)
2. Ethernet PC3IPMA (BASE-R) IS no charge and does notrequire a license key
3. Ethernet MAC require one fee based license key (x_eth_mac)

Design_Linking IP license available

X20099-113017

Figure 8: 10G/25G Ethernet Subsystem — Configuration
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10G/25G Ethernet Subsystem MAC Options

4 Recusomizeld ==

10G/25G Ethernet Subsystem (2.3) ‘
@ Documentation IP Location (' Switch to Defaults

Show disabled ports Component Name  eth_10g
Configuration | MAC Options  GT Selection and Configuration | Shared Logic
MAC Configuration
Optional Data Path Interface FIFO
Include FIFQ Logic
Flow Control
Enable TX Flow Control Logic

Enable RX Flow Control Logic

Il|4 gt_serdes_intertace_o IEEE PTP 1588v2

S axs 0 /| Enable Timestamping Logic

[l rte_2step _usrit_o

lI|+ ctit=0 wds_rx 0+ Operation Mode Two Step ~
ll{+ ctirxo stattx 0 +|||

[l pto_2step_cti it o stat_rz 0 4 ||| 1588 SYS Clock period in ps 4000

= r_core_ck_D pto_stat i1 0 +|||

= r_serdes_ck_0 tat_pe_status 0 =

| r_serdes_reset 0 tx_unfou_0 =

— tx_core_ck_D r_preambleod_[SS0) = f
= rereset 0

= txresst 0

= tx_preamblein_0[S55.0]

Design_Linking IP license available

X20105-113017

Figure 9: 10G/25G Ethernet Subsystem — MAC Options
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Ethernet Core Configuration

AMD ¢

10G/25G Ethernet Subsystem Transceiver Selection and Configuration

4 Re-customize [P —

@ Documentation

Show disabled ports

10G/25G Ethernet Subsystem (2.3)

IP Lacation (C Switch to Defaults

ll|+ ot_serdes_interface_0
E|4 axis b0

ll|+ rtp_2step_usrit_0
fl|+ ctitx o

NI+ ctirco

ll|+ rtp_2step_oti_if_0

— rx_core_ck_0
rx_serdes_ch_0
rx_serdes _resst_)
tc_core_ck_0

te_reset 0

= rx_reset 0
= tx_preamblein_0[55:0]

axis_r 0 4
stat_tx 0 4

stet_rx 0 4
ptp_stat_if 0 4
stet_rx_status_0
te_unfout_0
rx_preambleaut_0[55:0]

Design_Linking IP license available

ComponentName eth_10g

Configuration | MAC Options | GT Selection and Configuration

GT Location
Select whether the GT IP is included in the core or in the example design
Include GT subcore in core

) Include GT subcore in example design

GT Clocks

GT RefClk 156.25 ~ | (In MHz)
GTDRF Clock | 100.00 10.00 - 156 25] (In MHz)
Core to GT Association

GT Type GTH -

GT Selection | Quad X0Y1  ~

Lane-00 | X0Y4 v
Lane-01 | NA
Lane-02 | NA

Lane-03 | NA

Others

| Enable Pipeling Registers

Shared Logic

Figure 10:

X20110-113017

10G/25G Ethernet Subsystem — Transceiver Selection and Configuration
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Ethernet Core Configuration

10G/25G Ethernet Subsystem Shared Logic

AMD¢

4 Re-customize IP

Show disabled ports

10G/25G Ethernet Subsystem (2.3)

@ Documentation IP Lacation (C Switch to Defaults

ComponentName  eth_10g

Configuration MAC Options GT Selection and Configuration Shared Logic

Shared Logic

Shared Logic Overview

Include Shared Logicin example design
- For users who want the Shared Logic outside the core

ll[+ ct_serdes_intertace_ 0
E|4# axiste 0

ll|+ rtp_2step_usrit 0
flj+ ctitxo

I+ ctirzo

ll|+ rtp_2step_oti_it_0
= rx_core_ck_0

= rx_serdes_ck_0

| rx_serdes_reset 0
= tx_core_ck_0

= rx_reset 0

— te_reset 0

= t_preamblein_0[55:0]

- For users who want to edit the Shared Logic or use their own.
- For users who want one core with Shared Logic to drive multiple cores without shared logic.

Design_Linking IP license available

axis_ro 0 4
stet e 0 + PN T
statrx 0 4 Corewith Shared Logic
plp_stet it 0 + PR
stet_rx_stetus_0 =
te_unfout 0 e STWEd
rx_preambleout_0[55:0] = OgIc
OR
—
/
Example Design
Y
Care without Shared
Shared Logic Logic

Figure 11: 10G/25G Ethernet Subsystem — Shared Logic
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Ethernet Core Configuration AM D ‘

40G/50G Ethernet Subsystem Configuration

¢ Re-customizelP

40G/50G Ethernet Subsystem (2.3)

@ Documentation IP Location (C Switch to Defaults

Show disabled poris Component Name eth_40g

Configuration MAC Options GT Selection and Configuration Shared Logic

General

Select Core | Ethernet MAC+PCSIPMA  ~

Speed 406 v Num of Cores 1 ~
Clocking Asynchronous Data Path Interface 128-bit Straddled AXI4-Stream
PCS/PMA Options
Base RIKR Standard
* BASE-R BASE-KR
3zt 0
[[[4 etz 0
Il e
Include FEC Logic Auto Negotiation/Link Training Logic

r_serdes_reset 0 |EEE_PTP_1682_2step_useif 0 +
t_reser 0 IEEE_PTP_1566_stat 0 4
r_core_clk 0 t_unfout 0
rx_serdes_olk 1 rxgearborslip_out_DE:0]
rdatavalid_in_07:0) txdata_in_0[511:0]
rheader_in_0[3:0] teheader_out_0[Z30]
rheaderwalid_jn_0[7:0] trsequence_out_0[27:0]
redata_oun_0[511:0]

Control and Statistics Interface

tx_cors clk 0
#) Control and Status Vectors

Include AXI4-Lite

Licensing Information
1. Ethernet MAC+PCTS/PMA and BASE-KR require two separate fee based license keys (I_eth_mac_pcs and |_eth_basekr)
2. Ethernet MAC+PCSIPMA and BASE-R require one fee based license key (L_eth_mac_pcs)
3. Ethernet PCA/PMA and BASE-KR require one fee based license key (I_eth_basekr)
4. Ethernet PCS/PMA and BASE-R require one fee based license key (I_eth_baser)

Bought IP license available

Figure 12: 40G/50G Ethernet Subsystem — Configuration
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Ethernet Core Configuration AM D ‘

40G/50G Ethernet Subsystem MAC Options

4 RecustomizelP o

40G/50G Ethernet Subsystem (2.3) ‘

© Documentation IP Location ' Switch to Defaulls
Show disabled ports Component Name  eth_40g
Configuration MAC Options GT Selection and Configuration Shared Logic

MAC Configuration

Optional Data Path Interface FIFO

Include FIFO Logic

Flow Control

Enable TX Flow Control Logic

Enable RX Flow Control Logic

IEEE PTP 1588v2

A aviz_te D
[+ ctiten /| Enable Timestamping Logic
[[[ sttren axis_re_0 4

4 IEEE_FTP 1543 _2step ot 0 a0 Operation Mode | Two Step

_resat 0 stat w0 4

_serdes_Teset 0 EEE_PTP_1588_2step_usent 0 4

x_reset IEEE_PTP_1655 st 0 4

x_oore_oll 0 tx_unfout 0 =

x_serdes ok 0 regearbaxslip_out_0[F0] pm

redztavalid_in 0F 0] trdata in_0511:0] fm

reheader_in_0[25:0] theader_owt_0{z5:0] jm

reheadenvald_in O[] txsequence_out D[27:0] fm

redata_owt_0[511:0]
T_core_clk_D

Bought IP license available

X20113-113017

Figure 13: 40G/50G Ethernet Subsystem — MAC Options
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Ethernet Core Configuration

AMD ¢

40G/50G Ethernet Subsystem Transceiver Selection and Configuration

’

Re-customize IP -

40G/50G Ethernet Subsystem (2.3)

@ Documentation IP Location (' Switch to Defaults

Show disabled ports ComponentName eth_40g

Configuration | MAC Options | GT Selection and Configuration  Shared Logic

GT Location
Select whether the GT IP is included in the core orin the example design
Include GT subcore in core

® Include GT subcore in example design

GT Clocks
GT RefClk 166.26 v (InMHz)
GTDRP Clock | 100.00 10.00 ] (In MHz)
H4 axis tx 0
T4 st0 Core to GT Association
|| cti=_0 axis e 0 o
||4 1EEE_PTR_t582_zctep et 0 statpe 0+ GT Type GTH ~
r_rasel 0 stat 0
ox_sendes reset 0 |EEE_FTP_1688 _ctep_usarit 0 -+ GT Selection | Quad X0Y1
t_reset D EEE_PTP_1589_stat 0
_nfout 0

_oore_olk D

r_sendes ol 0
ratavaid_jn_0[F0]

rgzarborslip_sut_D[FD]
txdata_n_n[s1 1 4]
teheader_vut_0[z30]
txsequence_out [T 1]

Lane-00  X0Y4

Lane-01 X0Y5

rdata_out_0[511:0]
tx_gore_olk_0

Lane-02 XO0YB

Lane-03 | X0Y7

Others

/ Enable Pipeline Registers

Bought IP license available

Figure 14:
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Ethernet Core Configuration

40G/50G Ethernet Subsystem Shared Logic

AMD¢

4 Re-customize [P

40G/50G Ethernet Subsystem (2.3)
IP Location (C* Switch to Defaults

@ Documentation

Show disabled ports

+ axis tx 0

+ ctl_x 0

F) iz 0

+ |EEE_PTP_1585_2stzp 1 0 EEXTOR
—f r_reser stat_re 0 |
—f re_serdes_reset IEEE_PTP_1588_Istep_userit 0

tx_reset 0
x_core_clk_0

% _serdes_clk_0
rdatavaiid_in_DF-0]
rsheader_in_0[23:0]
rheadervalid_in_O[7:0]
rdata_ou DIET1:0]
tx_pors_elk_D

IEEE_PTP_1588_stat 0 4
tx_unfour_)
rgearboxslip_out_0[3:0]
tedata_in_D[511:0]
teheader_out_0[23:0]
trsequence_out_D[Z7:0]

Bought IP license available

Configuration

Component Name |eth_40g

MAC Options GT Selection and Configuration Shared Logic

Shared Logic

Shared Logic Overview
Include Shared Logicin example design
- For users who want the Shared Logic outside the core.

- For users who want to edit the Shared Logic or use their own.
- For users who want one core with Shared Logic to drive multiple cores without shared logic.

Corewith Shared Logic

Shared
Logic

: QR
)

ki
Core without
Shared Logic

Example Design

Shared
Logic

Figure 15:
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Testbench Simulation AM D n

Testbench Simulation

The 10G and 40G cores, the switching logic, and the DRP configuration have been validated
with a behavioral simulation. A test bench is provided and tested with the Vivado simulator. The
test bench starts the simulation for the 40G. After the test is completed, it switches to the 10G
test, then again to 40G, and then again to the 10G.

The full simulation log is listed here:

Vivado Simulator 2017.3

Time resolution is 1 fs

B e o e o o
+H++ A+ 40G Ethernet +++++++
B e o e o o
INFO : SYS RESET RELEASED TO 40G CORE

INFO : WAITING FOR THE GT LOCK..........

INFO : GT LOCKED

INFO : WAITING FOR RX ALIGNED..........

INFO : RX ALIGNED

INFO : CORE Version is 2.3

INFO : Sanity Completed and Passed

INFO : CORE TEST SUCCESSFULLY COMPLETED and PASSED

INFO : Test Completed Successfully

B e R o o o
+++++ A+ 40G -> 10G Switching +H++++
B e R o o o
INFO : SYS RESET RELEASED TO 10G CORE

INFO : WAITING FOR THE GT LOCK..........

INFO : GT LOCKED

INFO : WAITING FOR RX BLOCK LOCK..........

INFO : CORE 10GE RX BLOCK LOCKED

INFO : WAITING FOR COMPLETION STATUS..........

INFO : COMPLETION STATUS = 5'b00001

INFO : Sanity Completed and Passed

INFO : CORE TEST SUCCESSFULLY COMPLETED and PASSED

INFO : Test Completed Successfully

B e
++++++ 10G -> 40G Switching ++++++
B e
INFO : SYS RESET RELEASED TO 40G CORE

INFO : WAITING FOR THE GT LOCK..........

INFO : GT LOCKED

INFO : WAITING FOR RX ALIGNED..........

INFO : RX ALIGNED

INFO : CORE Version is 2.3

XAPP1326 (v1.0.1) September 19, 2024 l Send Feedback l 20
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Testbench Simulation

INFO : Sanity Completed and Passed

INFO : CORE TEST SUCCESSFULLY COMPLETED and PASSED
INFO : Test Completed Successfully

B L o o o S o
B R 40G -> 10G Switching
B L o o o S o
INFO : SYS RESET RELEASED TO 10G CORE

INFO : WAITING FOR THE GT LOCK..........

INFO : GT LOCKED

INFO : WAITING FOR RX BLOCK LOCK..........

INFO : CORE 10GE RX BLOCK LOCKED

INFO : WAITING FOR COMPLETION STATUS..........

INFO : COMPLETION_ STATUS = 5'b00001

INFO : Sanity Completed and Passed

INFO : CORE TEST SUCCESSFULLY COMPLETED and PASSED

INFO : Test Completed Successfully

Simulation Stopped

Figure 16 shows the waveform of the behavioral simulation.

SIMULATION - Behavioral Simulation - Functional - sim_1 - top_tb

eth_10g_40g.wcfg
S a W e e X« K +

ls|clk_in_n

+H+++tHH+E

AMD ¢

, s clk_in_p

g T gt_10040g_sel
Ui restart_te_rx
™ completion_status[4:0]
& n_gt_locked_led_10G
& n_aligned_led_10G
& n_gt_locked_led_40G
& n_aligned_led_40G
b QPLL_LOCKED
& gt_0_p_loopback

& gt_0_n_loopback
& ot_1_p_loopback
& gt_1_n_loopback
& gt_2_p_loopback
& gt_2_n_loopback

> W b_sent_count_in47:0]
> ™ nx_packet_count_intj47:0]
& tx_done

> ™ t_sent_count_int[47:0]

> ™ TXPD[7:0] 11111100
> ™ RXPD[7:0] 11111100

e
s e—1
e

Figure 16: Waveform Behavioral Simulation
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Testbench Simulation AM D n

See Table 4 for a detailed description of all signals shown in Figure 16.

Table 4: Waveform Signals Description

Signal Notes
gt_10g40g_sel Multiplexer selector, 1 = 40G, 0 = 10G
restart_tx_rx Restart packet generator test pattern
completion_status Test results, 1 = test successfully completed
rx_gt_locked_led_10G When gt_10g40g_sel = 0, transceiver lock when resetdone is asserted

When gt_10g40g_sel = 0, a value of 1 indicates the PCS lane is aligned, the receiver path is

rx_aligned_led_10G aligned and can receive packet data

rx_gt_locked_led_40G When gt_10g40g_sel = 1, transceiver lock when resetdone is asserted

When gt_10g40g_sel = 1, a value of 1 indicates all PCS lanes are aligned and deskewed, the

x_aligned_led_40G receiver path is aligned and can receive packet data

gpll_locked The QPLL of the transceivers is receiving the right clock and is locked

gt_x_x_loopback Transmitter and receiver ports external loopback

rst_gt A vaIue.of 1 indicate's the DRP controller has completed the reconfiguration of the
transceivers generating a master reset for the design

tx_sent_count_int 10G/40G packet sent

rx_packet_count_int 10G packet received

synced_rx_packet_count 40G packet received

tx_done 10G/40G end packet sent

Transmitter power down port, 11 to power down a single transceiver, 40G = 00000000,

txpd 10G = 11111100

Receiver power down port, 11 to power down a single transceiver,

rxpd 40G = 00000000, 10G = 11111100
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Reference Design Files AM D n

Reference Design Files

The reference design is for the AMD KCU105 and ZCU702 evaluation boards and the directory
structure is the same for both. Figure 17 shows the directory structure for the
Kintex™ UltraScale device (KCU105) design files.

4 KCU105
4 Board
4 hardware
4 Sources
constraints
hdl
ip_catalog
testbench
4 vivado
scripts

ready_to_test

X20124-113017

Figure 17: Directory Structure
The KCU105 folder contains the hardware design deliverables listed in Table 5.

Table 5: Hardware Design Deliverables

Folder Name Description

Board Contains all required scripts and a programming file for the board test

Sources/constraints | Contains the 1/0 and timing constraints file

Sources/hdl Contains the source code deliverable files

Sources/ip_catalog | Contains the AMD IP cores required for the design

Sources/testbench | Contains the test bench files for simulation

Contains the design creation script for both Windows and Linux operating systems in

Vivado/scripts command line and in Vivado design suite IDE mode

Ready_to_test Contains programming files to configure the KCU105 evaluation board

The readme. txt file provides the details on the folder structure, tool version, and revision.

The pinout defined in the 1oc_timing.xdc file delivered with the design uses the
transceivers connected to the FMC1 connector. If needed, it is possible to modify the pinout to
change the location of the transceiver ports.
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Project Creation AM D u

Project Creation

The kintex ultrascale 10g 40g.tcl script for the KCU105 evaluation board or the
zyng ultrascalep mpsoc 10g 40g.tcl script for the ZCU102 evaluation board is used
to create the Vivado tools project. The script can be sourced either in a shell configured for the
Vivado tools or in the Tcl console available in the GUI (see Figure 18).

Tcl Console ? 0O a X
Q I B E o

d/hardware/vivado/scripts/

4L
I

2]
[* X
=

(
=]
iy
-l
w
o

4

/Boa

< >

source ./kintex_ultrascale_l0g_40g.tcﬂ

X20125-113017

Figure 18: Tcl Console

For example, to create the project for the KCU105 evaluation board, from a shell move to the
script directory and execute the command:

vivado -mode tcl -source kintex ultrascale 10g 40g.tcl

In the GUI, move to the script directory and source kintex ultrascale 10g 40g.tcl.The
script creates the project by importing all of the design files needed for design implementation
and simulation (see Figure 19).
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Reference Design Maintenance AM D u

Sources ? 00 X

Q = ¢ + B2 o

v Design Sources (1
v @ top_test (top_testv) (6
> FF clk_wiz_0_inst: clk_wiz_0 (clk_wiz_0.xci
> ¥ ila_0_inst:ila_0 (ila_0.xci
> FF vio_0_inst:vio_0 (vio_0.xci
v @ top_inst:top (fop.v) (6)
@ i_eth_10g40g_core_gtwiz_userclk_tx_inst: eth_10g40g_ultrascale_tx_userclk (eth_10040g_ultrascale_tx_userclky
i_eth_10g40g_core_gtwiz_userclk_rx_inst: eth_10g40g_ultrascale_rx_userclk (eth_10g400_ultrascale_mn_userclkv)
) DRP :gt_drp (ot_drp.v
eth_10g_exdes_inst: eth_10g_exdes (eth_10g_exdes.v) (1)
eth_40g_exdes_inst: eth_40g_exdes (eth_400_exdes.v) (1)

<
®

v

v
® @ ® ® @ ¢

> ¥8 gt_mux_wrapper_inst: gt_mux_wrapper (gt_mux_wrapper.v) (1
> @ i_eth_10g_pkt_gen_mon_0 : eth_10g_pkt_gen_mon (eth_10g_pk n.v) (14
> @ i_eth_40g_pkt_gen_mon_0 : eth_40g_pkt_gen_mon (eth_40g_pkt_gen_monv) (18

v Constraints (1)
> constrs_1(1

v Simulation Sources (2)

Hierarchy |IP Sources Libraries Compile Order

X20126-113017

Figure 19: Design Source Files

Reference Design Maintenance

This section provides details on how to maintain the reference design for Vivado design suite
updates or for new IP versions. The IP cores are generated as “include GT subcore in the
example design,” which means that all files related to the transceivers are not part of the core.
All of the modified files for the reference design are in the transceiver side. When generating
the IP, it is structured as two main blocks. For example, the 10G is eth_10g for the core and
eth_10g_gt_0 for the transceiver. For each of the two main blocks, the Xilinx core instance (XCl)
files are generated. The XCl files store the full IP configuration.

XAPP1326 (v1.0.1) September 19, 2024 l Send Feedback l 25


https://www.amd.com/en/forms/feedback/document-feedback.html?docType=Application_Notes&docId=XAPP1326&Title=10G%20to%2040G%20Ethernet%20Dynamic%20Switching%20Using%20AMD%20High-Speed%20Serial%20I%2FO%20Solution&releaseVersion=1.0.1&docPage=25

Reference Design Maintenance AM D u

The value of the IS MANAGED property for the eth 10g gt 0.xci in the design is set to
false, which means that all of the files that are part of the transceiver are not regenerated. If the
IP needs to be updated due to a different option, open eth _10g.xci, change the option, close
it, and generate the new files. The transceiver side is not overwritten because of the Is
MANAGED= false property. Figure 20 shows the two XCl files of the 10G IP. The # symbol
denotes the IP is unmanaged.

PROJECT MANAGER - eth_10g_40qg

Sources ? 00 X
Q = =+ o
v = Design Sources (1) =
v @Jd top (top.v) (9)
¥ i_eth_10g40g_core_gtwiz_userclk_tx_inst: eth_10g40g_ultrascale_tx_userclk (eth_10g400_ultrascale |
¥ i_eth_10g40g_core_gtwiz_userclk_rx_inst: eth_10g40g_ultrascale_rx_userclk (eth_10040g_ultrascale_
@ DRP:gt_drp (gt_drp.v)
v @ eth_10g_exdes_inst: eth_10g_exdes (eth_100_exdes.v) (2
v @ i_eth_10g_core_support: eth_10g_core_support (eth_10g_core_supportv) (3)
> $F1 DUT: eth_10g (eth_10g.xci)
v @ i_eth_10g_gt_wrapper: eth_10g_gt_wrapper (eth_10g_gt_wrapperv) (1)
> 3 i_eth_10g_gt_0: eth_10g_gt_0 (eth_10g_gt_0.xci) (2)
> & j_eth_10g_sharedlogic_wrapper: eth_10g_sharedlogic_wrapper (eth_10g_sharedlogic_wrappe
> @@ i_eth_10g_pkt_gen_mon_0: eth_10g_pkt_gen_mon (eth_10g_pki_gen_mon.v) (14)
> T clk_wiz_0_inst: clk_wiz_0 (clk_wiz_0.xci)
> @@ eth_40g_exdes_inst: eth_40g_exdes (eth_400_exdes.v) (2)
> @ gt_mux_wrapper_inst: gt_mux_wrapper (gt_mux_wrapperv) (1)
> FF ila_0_inst:ila_0 (ila_0.xci)
> FFC] vio_0_inst: vio_0 (vio_0.xci)
> Constraints (1) ~
e S d
Hierarchy |P Sources Libraries Compile Order

X20127-113017

Figure 20: Unmanaged IP Cores

The behavior is the same if the design is ported to a new version of the Vivado design suite.
Because the transceivers of the IP cores are unmanaged, it is possible to automatically update
the IP cores without overwriting the modified part of the IP cores.

@ RECOMMENDED: /f the transceivers need to be updated, AMD recommends separately generating new
transceivers and making sure they do not differ from the ones instantiated in the design. If they differ, the
user should copy these modifications in the updated transceiver files.
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Hardware Test AM D n

Hardware Test

The reference design has been validated in hardware using the KCU105 and ZCU102 evaluation
boards. The Vivado logic analyzer is used to run the test. Virtual input/outputs (VIOs) are
defined to force the state of some signals. For the test, the transceivers are set up in loopback
PMA mode. Cables and optical modules are not required. Because the design uses the default
clocks available on the board the oscillators do not need to be reconfigured. The reference
clock for the transceivers is 156.25 MHz.

The frequency of the free-running clock needed for the DRP interface, DPR controller, and
packet generator is 100 MHz. Because both boards only provide a 300 MHz free-running
reference clock, a mixed-mode clock manager (MMCM) is instantiated in top_test.v to generate
the 100 MHz from the 300 MHz. After the FPGA is configured, add all available signals in the
VIO window using the "+" symbol (see Figure 21).

/_ila_1 < hw_vios
hw_vio_1

2 +

=

s

o Add probe(s)

3 Add Probes

-

@ -

8 = < o
Search:
Probes for hw_vio_1 (10 v
v 3 hw_vio_1

a gt_10g40g_sel_vio
> 5 GT_LOOPBACKI[2:0]
mmcm_locked

restart_tx_rx_vio

= rx_block_lock_led_10g

1=

la reset vio

a

= mx_block_lock_led_40g
= rx_gt_locked_led_10g
=S

> g

=3
_gt_locked_led_40g

& vio_0_inst/probe_out2[2:1]

X20128-113017

Figure 21: Add Probes
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Hardware Test

To run the test, use the VIO configuration in Table 6.

Table 6: VIO Setup

VIO 10G 40G
Outputs
gt_10g40g_sel_vio 0 1
GT_LOOPBACK][2:0] 010 010
reset_vio 0 0
restart_tx_rx_vio 0 0
Inputs
mmcm_locked 1 1
rx_gt_locked_led_10g 1 0
rx_block_lock_led_10g 1 0
rx_gt_locked_led_40g 0 1
rx_block_lock_led_40g 0 1

Figure 22 and Figure 23 show the VIO setup for 10G and 40G, respectively.

hw_ila_

1

hw_vios
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Figure 22: VIO Setup for 10G
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hw_vios
hw_vio_1
g ax & +
8 Name Value Activity Direction VIO
E la gt_10G40G_sel_vio 1 Qutput hw_vio_1
% > 5 GT_LOOPBACKI[2:0] [B1010 ~ Output hw_vio_1
a la reset_vio II] Output hw_vio_1
a restart_tx_mx_vio II] Qutput hw_vio_1
= mmcm_locked Q Input hw_vio_1
= rx_gt_locked_led_10G_OBUF Q Input hw_vio_1
= rx_block_lock_led_10G_OBUF Q Input hw_vio_1
= rx_gt_locked_led_40G_OBUF Q Input hw_vio_1
= rx_block_lock_led_40G_OBUF Q Input hw_vio_1
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Figure 23: VIO Setup for 40G

The integrated logic analyzer (ILA) in Figure 24 shows the completion_status signals. A value of
1 means the test for the selected interface completed successfully.
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¥ rx_gt_locked_led_40G_OBUF_1

& n_block_lock_led_40G_OBUF_1
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Figure 24: ILA
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Table 7 lists the controls available on the evaluation boards.

Table 7: Controls Available on the Board

Ref Control Function Notes

1 Pushbutton SW18 restart_tx_rx

2 Pushbutton SW16 master reset

3 LED DS38 rx_gt_locked_led_10g

3 LED DS37 rx_block_lock_led_10G

3 LED DS39 rx_gt_locked_led_40G

3 LED DS40 rx_gt_locked_led_40G

3 LED DS41:DS44 completion_status When only DS44 is ON, status test= OK.

4 DIP Switch 8 gt_10g40g_sel SOF;;O}&% V?i't\'hztﬁgf/'lghe” OFF, the port is

Figure 25 and Figure 26 show the board controls for the KCU105 and ZCU102 evaluation
boards, respectively.

X20132-113017

Figure 25: KCU105 Board Controls
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Figure 26: 72CU102 Board Controls

Conclusion

The reference design has been developed with these features:

« Interface:
o 1x 40 GbE interface, 4 lanes at 10.3125 Gb/s
o 1x 10 GbE interface, 1 lane at 10.3125 Gb/s
« The interface is real-time switchable:
- Single bit file, single port operation
o The reference design includes MACs for both interfaces
« Data connectivity to user application is through AXI interfaces
» |EEE PTP 1588v2 two step

« Power down of the unused transceivers when working in 10G mode
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Finding Additional Documentation

Documentation Portal

The AMD Adaptive Computing Documentation Portal is an online tool that provides robust
search and navigation for documentation using your web browser. To access the
Documentation Portal, go to https://docs.amd.com.

Documentation Navigator

Documentation Navigator (DocNav) is an installed tool that provides access to AMD Adaptive
Computing documents, videos, and support resources, which you can filter and search to find
information. To open DocNav:

« From the AMD Vivado™ IDE, select Help > Documentation and Tutorials.
« On Windows, click the Start button and select Xilinx Design Tools > DocNav.

« At the Linux command prompt, enter docnav.

Note: For more information on DocNav, refer to the Documentation Navigator User Guide (UG968).
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Please Read: Important Legal Notices

The information presented in this document is for informational purposes only and may contain technical inaccuracies, omissions, and
typographical errors. The information contained herein is subject to change and may be rendered inaccurate for many reasons,
including but not limited to product and roadmap changes, component and motherboard version changes, new model and/or product
releases, product differences between differing manufacturers, software changes, BIOS flashes, firmware upgrades, or the like. Any
computer system has risks of security vulnerabilities that cannot be completely prevented or mitigated. AMD assumes no obligation to
update or otherwise correct or revise this information. However, AMD reserves the right to revise this information and to make changes
from time to time to the content hereof without obligation of AMD to notify any person of such revisions or changes. THIS
INFORMATION IS PROVIDED “AS IS.” AMD MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE CONTENTS HEREOF
AND ASSUMES NO RESPONSIBILITY FOR ANY INACCURACIES, ERRORS, OR OMISSIONS THAT MAY APPEAR IN THIS INFORMATION.
AMD SPECIFICALLY DISCLAIMS ANY IMPLIED WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, OR FITNESS FOR ANY
PARTICULAR PURPOSE. IN NO EVENT WILL AMD BE LIABLE TO ANY PERSON FOR ANY RELIANCE, DIRECT, INDIRECT, SPECIAL, OR
OTHER CONSEQUENTIAL DAMAGES ARISING FROM THE USE OF ANY INFORMATION CONTAINED HEREIN, EVEN IF AMD IS EXPRESSLY
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

AUTOMOTIVE APPLICATIONS DISCLAIMER

AUTOMOTIVE PRODUCTS (IDENTIFIED AS “XA" IN THE PART NUMBER) ARE NOT WARRANTED FOR USE IN THE DEPLOYMENT OF
AIRBAGS OR FOR USE IN APPLICATIONS THAT AFFECT CONTROL OF A VEHICLE (“SAFETY APPLICATION") UNLESS THERE IS A SAFETY
CONCEPT OR REDUNDANCY FEATURE CONSISTENT WITH THE ISO 26262 AUTOMOTIVE SAFETY STANDARD ("SAFETY DESIGN").
CUSTOMER SHALL, PRIOR TO USING OR DISTRIBUTING ANY SYSTEMS THAT INCORPORATE PRODUCTS, THOROUGHLY TEST SUCH
SYSTEMS FOR SAFETY PURPOSES. USE OF PRODUCTS IN A SAFETY APPLICATION WITHOUT A SAFETY DESIGN IS FULLY AT THE RISK OF
CUSTOMER, SUBJECT ONLY TO APPLICABLE LAWS AND REGULATIONS GOVERNING LIMITATIONS ON PRODUCT LIABILITY.

© Copyright 2018-2024 Advanced Micro Devices, Inc. AMD, the AMD Arrow logo, Kintex, UltraScale, UltraScale+, Vivado, and
combinations thereof are trademarks of Advanced Micro Devices, Inc. AMBA, AMBA Designer, ARM, ARM1176JZ-S, CoreSight, Cortex,
PrimeCell, and MPCore are trademarks of ARM in the EU and other countries. Other product names used in this publication are for
identification purposes only and may be trademarks of their respective companies.
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