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Agenda

m Transceiver Architecture

m Clock Recovery and Jitter Tracking

m Transmitter PLL

m Transceiver Design

m Transceiver Reconfiguration

m Demo Design Using Reconfiguration

m Signal Conditioning and Best Practices for Link
Training

m Signal Integrity Simulation (with Demo)

m Transceiver Toolkit (with Demo)
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Transceiver Design Trends & Challenges

% Data rates

t System integration
— Optical modules
— Backplanes

t Statistical reliability
— Low jitter
— Bit Error Ratio (BER)

4 Design productivity
v Lower power consumption
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Altera’s innovation address the challenges of next generation
transceiver design
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Transcelver Architecture
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What I1s a Transceiver?

m Combination transmitter/receiver used when
sending high-speed digital data/control signals

across physical medium

— Board traces
— Backplane

— Optical fiber
— CAT5 cable

m Used in the PHY (physical) layer of the OSI
model

m Made up of the physical coding sub-layer and
physical medium attachment

AlTERAN



Serial Communication

Channel RXx

Ref clock r

Ref clock
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What are transceivers

TX paral/lel data Transmitter PCS Transmitter PMA
/
Tx parallel clk ﬁ)’l PCle Gen3 PCS -
. ,; | Standard PCS » T »5—rix serial_data
(1) ( (1) >
@l | 10GPCS
pll_ref clk
FPGA
Fabric Receiver PCS Receiver PMA
Rx parallel data . -
A+ . @l PCle Gen3 PCS 5 < 3
it Standard PCS £ 52 le<it ial_data
Rx parallel clk M |~ e w2 [f] 52 e
a 10G PCS A 55

m transmit and receive parallel data on a serial link

TERA
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Definitions

m Media Access Controller (MAC)

— Assembles packets to be transmitted across link
— Disassembles packets received from across link
— Handles error and fault messages from link

m Physical Coding Sub-Layer (PCS)

— Digital logic that prepares and formats data for transmission across a
physical medium type or restores received data to original form
— Detects link errors

— Ex. Encoding, decoding, scrambling, descrambling

m Physical Medium Attachment (PMA)

— Converts digital data to serial analog stream or reverse
— Connects to physical medium
— Ex. Parallel to serial conversion

AlTERAN
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28-nm Device Families

m Cyclone V
m Arria Vv
m Stratix V

© 2012 Altera Corporation Public
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Cyclone V FPGA Family
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mm 5 cost and power power for 614 lowest cost and
for a wide power for 5.0

spectrum of o8 10 8122 Gbps transceiver

cm%l’ general logic and et t(angceiver applications
. DSP applications applications

FPGA E Variant GX Variant GT Variant
Integrated

ARM Cortex-A9
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System
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ArriaV FPGAs

Arné@ V

Lowest power 6G and 10G FPGAs
Adaptive logic modules (ALMs)
Variable-precision digital signal processing (DSP) blocks
M10K embedded memory blocks
Distributed memory logic array blocks (MLABS)
PCIl Express® (PCle®) Genl and Gen2
Hard multiport memory controller //

] I i

Armia 2V Arria2Vv Arria 2V
=X Gr SoC

With Integrated
ARM Cortex-A9 MPCore
Processor System ;

TERA
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Stratix V Device Family Variants

m Stratix V E variant

— For highest density, high-performance
applications

m Stratix V GS variant

— Optimized for high-performance,
high-precision DSP applications with
transceivers up to 14.1 Gbps

m Stratix V GX variant

— Up to 66 transceivers at 14.1 Gbps for high
performance, high bandwidth

m Stratix V GT variant

— 28 Gbps for high-performance,
ultra-high bandwidth applications

© 2012 Altera Corporation Public
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Transcelver Locations

Stratix V GX device with
36 full transceiver
channels

Cyclone V GX device

oy with 12 full transceiver
HIP channels

PCle
HIP

© 2012 Altera Corporation Public MEA
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Transcelver Layout

Stratix V GX device with
36 full transceiver
channels

© 2012 Altera Corporation Public
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Standard PCS Datapath

Figure 1-18. Standard PCS Datapath in Stratix V GX Channels
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PCI-Express HIP

PCIl-Express Hard-IP

m Stratix V PCle Gen 3/2/1 x8 HIP with 256 bit

architecture

m New Stratix V PCle Gen3 32-bit PCS used with HIP
— Implements the 128/130 bit encoding/decoding scheme

m Configuration via

A

PCIl-Express
(CvPCle) enabled
In this block

Software/driver model = Application
Plug-and-play model

Sl = Transaction

Data integrity mmm Data link

Point-to-point, serial, differential, EEE R =TNVNIEY
hot-plug, multiple form factors

© 2012 Altera Corporation Public
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Clock Recovery and
Jitter Tracking
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HSIO Link Architecture Advancement Path

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, , {Gbos 8ctos
clock embedded in coded data

—-
Coded data

O]
© ~0.8 Gbps Gigabit Ethernet
g e nices source synchronized CEWOFE =
A global clock Strobe PCI Express
T R 40G/100G Ethernet
Time
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Serial Data Communication System
Using a Transceiver

Channel
LCC
Data — > 3 D Q e
l C
Transmitter Receiver
H.(f)

Magnitude (dB)

f. Frequency (f)
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Clock and Data Recovery (CDR)
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CDR has lock-to-clock and lock-to-data modes

CDR is first locked to the reference clock, then switched to lock the data, providing fast
locking time

m No unlocked or out-of-lock problems when the received data has excessive jitter
m Reference clock jitter does not affect CDR jitter performance

TERA
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The importance of a high bandwidth

Phase interpolator-based CDR Hybrid CDR

! - !
TXPLL l | TXPLL I |
BW | | BW I I
| | | |
| | | |
| | | |
| | |
| | |
RXPLL | | RXPLL | |
BW | | BW | |
| | I I
| | | |
| | > | | _
| | | |
— -
RXPLL will not be able to track jitter Extremely wide BW allows RXPLL
and noise from TXPLL in this region frack jitter and noise from TXPLL

TERA
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Jitter and Reference Clock

m What matters in a link system is the relative jitter referenced to the
recovered clock

m The net jitter is the phase difference between the data and the
recovered clock

/\/\/\ e
Recovered
clock phase

Difference

A

Phase

o

Time

TERA
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Jitter Transfer Function

H.(s) Hy(s) = 1-H.(s)
from CR/PLL from difference function

| o |

Magnitude (dB)

Frequency (f)
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Jitter Tolerance Function

/ H-(f) jitter tolerance

|
I N

Magnitude (dB)

. jitter transfer

I
I
I
I L
f. Frequency (f)

m Higher f_, better jitter tracking, better jitter tolerance

TERA
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Jitter Tolerance Comparison

<-40 dB/decade

Magnitude

A 4

fo foLL Frequency

m Receivers have a hybrid phase-locked loop (PLL)-based CDR technology that
has the best jitter generation and jitter tolerance performance

AlTERAN
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The proof !

Jitter Tolerance for 2488 Gbps

T) Tolerance {Ui}

0.01 01

1

SJ Frequency (MHz)

10 100

o= Mach
@ Fast, -40C, Low Vo

e Slowy, 110C, Low Vee
== Equipment Limitation
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Transmitter PLL
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Transmit Clocking Options

Clocking options enabling independent
data rates and flexible clock distribution
network

ATX PLL (LC)

— Wider operating range enabled by different
VCO modes

— Sub-picoseconds of jitter for high statistical
reliability
Clock Management Unit (CMU)

— Ring Oscillator for continuous operating range
with best in class jitter

nAd fAr tr

=h

DI I Q NN l‘\t\ 1 (=] g f\l\;\lﬁrt\ in
rLLo Ldall VT UoCU 11Ul UdadllolLCIVCio Il

addition to general device clocking

ATX (LC) ——»

CMU ——»

fPLL —

Transmit PLL Data Range Benefit

option (Gbps)

ATX(LC)PLL | 1—14.1 | Bestiitter
performance

CMQ (Ring 06—125 Best data-rate

Oscillator) range

PLL 0.6—3.75 Additional PLL

source

Up to 44 independent 12.5Gbps channels on a
single Stratix V FPGA

© 2012 Altera Corporation Public
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CMU PLL Operating Range

_ QJU
,\“{n\/\\//\ ~_ ® Each channel can be configured as data channel

) Mt enseenerTuA or as CMU (clock management for the transmit PLL)
~| 8| Hard PCS Transceiver PMA . . . . .
g2 7€ m Similar CMU to Stratix IV - Ring-oscillator
% | &| HardpPes | & g Transceiver PMA . . . L
: E s | £ % m  Wide operating range with low transmit jitter
'§ g Hard PCS ('_: © Transceiver PMA B 06GbpS B 125GbpS
. E Hard PCS Transceiver PMA

Hard PCS Transm’ (er PM
|| N
CMU PLL

ﬁl - Data Rate

I I ' o
0.6 125  (Gbps)

AITERAY
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CMU PLL

If you use Channel PLL as CMU PLL the RX is unavailable (no CDR)

Figure 1-10. Channel PLL Configured as CMU PLL in Stratix V Devices

Channel PLL
=
- .
I"-.
Dowm
g
u
—» » s
- Charge Pu orage L=
Wﬂ& e Contmiled L _—
| b 1,2.4,8 P Serial Clock
Loog Fltter Osallator {1
1 WCO)
= U
refiziik PN Phase | —
(1 .
| Detectwr | Down Lock
= (pFO) L B T = Dl |ockad
-
1,4,5810, |
12,16,20, 25 [
{1}

Note to Figure 1-10:
(1) Not all combinations of /N, /M. and/L values are valid. The Quartus [l software automatically chooses the optimal values.

o P AINTERA
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CMU PLLs

m CMU PLLs in channels 1 and 4 in 6
transceiver bank can generate clocks
for other transceiver channels within or
outside transceiver bank

m CMU PLL channel may still be used
as TX-only channel

ch:
(CMU PLL)

ChO s

AITERAY
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Programmable ATX PLL

— Y
. Pge —~ ~ ~ ® 1ATXPLL/ 3 channels (triplet)
HMS \’/ \Ir/ansceiver MA & . e . .
. _ m Sub-picoseconds jitter achieved with LC PLL
2w |2 [{[ Twmewrm | ®  Programmable ATX (LC) PLL Range
g E Hard PCS E § Transceiver PMA - 8 GbpS - 141 GbpS
g g Hard PCS ('_: 2 Transceiver PMA — 4 GbpS - 705 GbpS
. E Hard PCS Transceiver PMA — 2 GbpS - 3525 GbpS
Hard PCS Transeeiyer PM — 1 Gbps —1.7625 Gbps (using local divider
B A /I P ps (using )
|| N
div/2
Diff Ref- —— ] v L outout
Clock input o PFD CP/LF 1L P
div/2 ﬁ
M <
| I | I l I ' ' .~ Data Rate
I >
06 10 182 3554 705 & 144 (@)
AlITERAW
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Stratix V ATX PLLs

© 2012 Altera Corporation Public
37

Better jitter performance at higher
data rates than CMU PLLs

Limited frequency support

— Must be tuned to support a target data
range

Two per 6-transceiver bank
Allow full use of device

Iﬁﬂv'\ﬂl\l\l\lf\lﬂ I'\ f\lﬂlﬁl\

transceiver cnanneis
— Channel PLL can be used as CDR PLL

Stratix V GT (28G) channels must
use ATX PLLs

AITERAY



Fractional PLL (fPLL)

_ A ]
=g m  \When used as transmit PLL
HMS \I’éns(:eiver MA M - 06GbpS—325GbpS
= E Hard PCS " Transceiver PMA - 1 fPLL / 3 Channels
% 8| araros § % Transceiver PMA — Integer mode only
g % Hard PCS E -;) Transceiver PMA
% % Hard PCS ;: 2 Transceiver PMA
. E Hard PCS Transceiver PMA |-______--______--__"'""""""'"'""""""""""'"""""""""""':
St £y TR ' | Dpiv g rEEs Charge =0 Div
T\ \,/ A\ A - p Frequency » Pass » VCO R
¥ | y N Pump : by C [
— O : Detect Filter :
Multiple
: Modulus |«
E Divider :
! A :
: Delta !
i Sigma i
! Modulator E
Stratix V fPLL block diagram
fPLL used as transmit PLL
| | | .~ Data Rate

0.6 3.25 14 1  (Gbps)
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Fractional PLLs

m Can serve directly as
transmitter PLL
— Data rate dependant
m Provide increased
multiplication/division factors
over CMU PLLs

m Allows full use of device

transceiver channels
— Channel PLL can be used as CDR PLL

i
i

© 2012 Altera Corporation Public
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Other use of Fractional PLLs

m Supported in Stratix V and
Arria V

Generate reference clock for
channel/ATX PLLs

Provide increased

multiplication/division factors

— Support using a reference clock
frequency not directly supported by
channel/ATX PLLs

Drive reference clock lines
that span the sides of FPGA

— Can be segmented per transceiver bank

© 2012 Altera Corporation Public Alﬂ-m
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Transmitter Local Clock Dividers

m One in each channel
m Receive high speed

serial clocks from any
transmitter PLL Sealzer [T TehaE
I Generates low spiﬁ)(il?arallel T T high sslf)eci serial
— High-speed serial clock for local '
PMA f ﬁ
-~ Low-speed parallel clock for local
PMA/PCS Local Clock Divider Block 4——— High speed clock
m Active in non-bonded
(x1) mode

— Each channel divides high-
speed clock to support its
individual target data rate

TERA
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Central Clock Dividers

m Special functionality of local
clock dividers in channels 1
and 4 of transceiver bank

m Each central clock divider
can generate high-speed

Ch2 serial AND low-speed
parallel clocks for bonded
Chi channels

Central Clock Divider

ChO

= High-speed serial clock
= Low-speed parallel clock

© 2012 Altera Corporation Public Mm :
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Transceiver Design
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Transceiver PHY IP Cores

m Set of IP Cores that enable/configure the FPGAs
PCS/PMA layers for high-speed designs

m Both protocol-specific and generic cores
available

m Implementation

— Embedded transceivers
— Core logic
— Both

AlTERAN



Protocol-Specific PHY IP Cores

10GBASE-R

10GBASE-KR

XAUI

Interlaken

PHY IP core for PCIl Express
Hard IP for PCl Express

AlTERAN



Non-Protocol-Specific PHY IP Cores

m Custom

m Low Latency
m Deterministic
m Native PHY

AITERAY



Custom PHY IP

m Overview

— Provides all PCS blocks
— Available only for the Standard PCS

— Alway includes Phase Compensation Fifo

m Generic PHY for supporting custom interfaces

— Proprietary protocol
— No protocol-specific PHY IP available

PCS

PMA

Phase
Compensation

ammm

8b/10b

Byte Ordering

Rate Match
FIFO

Word
Aligner

w Serdes

Excellent for custom / proprietary protocols!

© 2012 Altera Corporation Public
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Custom PHY IP Parameter Editor (1)

Custom PHY - test

“ Custom PHY

altera_xcwr_custom_phy

Magoters

[~ Block Diagram

[[] Show signals

test

;:h\,r mgmt_clk L conduit tx_reacy
by _mgrt_clk_reset et conduit Irx_reacdy
Ehx mgrmt valon  conduit tx_serial datg

‘:II ref_clk o conduit pll_locke
x_serial_data duit conduit 1x clkosh

;x parallel_data dut conduit rx_clko
econfig_to_xcwr duit conduit rx_parallel data.
conduit reconfig_from_xcwr

attera_xewr_custom_phy

Mode of operation:

Number of lanes:

[] Enable lane bonding

| [ General | PCS Options | FIEEEE
|v Options | m.
Device famity: Cyclone V D Project
Parameter validation rules: Library

=|| &
Il:
=
Igs

FPGA fabric transceiver interface width: [2q .

PCS-PMA Interface Width:
PLL type:

Data rate:

Base data rate:

Input clock freguency:

CMU
3750 Mbps
3750 Mbps [&]

75.0MHz [

g

Additional Options

[[] Enable TX Bitslip
["] Create rx_coreclkin port

["] Create t=_coreclkin port

[] Create rx_recovered_clk port

[] Create optional ports

[] Awvalon data interfaces

) Enabled embedded reset controller

[y GIGE-1.25Gbps
[y GIGE-2.50Gbps

© 2012 Altera Corporation Public
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Custom PHY IP Parameter Editor (2)

Custom PHY - test

Custom PHY

altera_xcvr_custom_phy

Magaters”

[~ Block Diagram
[[] Show =ignals

test

Eh! mgmt_clk clock

hy_mgmt_clk_reset

Eh! mgrmt
avalon

Il_ref_clk

x_serial_cata

duit
cuit

¥_paralel_data conduit

econfig_to_xcvr

[ General [ PCS Options |

[~ word Aligner

Word alignment mode:

Number of consecutive valid words before sync state is reached: |4
Number of bad data words before loss of sync state:
Number of valid patterns before sync state is reached:
[7] Create optional word aligner status ports

Word aligner pattern length:

Word alignment pattern:

["] Enable run length violation checking
Run length: 40

[~ Rate Match

["] Enable rate match FIFO

Rate match insertion/deletion +ve disparity pattern: 11010000111010

011
Rate match insertion/deletion -ve disparity pattern: 00101111000101111100

[~ 8BM0B

[[] Enable 88M10B encoderidecoder

[~ Byte Order

[T] Enable byte ordering block

["] Enable byte ordering block manual control

Byte ordering pattern: 111111011

Byte ordering pad pattern:. ~ gpoooooon

[Cy Project
Library

[ GIGE-1.25Gbps
[y GIGE-2.50Gbps

Apply

Update...

© 2012 Altera Corporation Public
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Low Latency PHY IP Core

m Generic PHY for implementing low latency configurations

in Stratix V transceivers

— Protocols/interfaces where specific PCS functionality not available and/or
designer wants lowest datapath latency

m PCS functionality must be implemented in the FPGA core

m Contains
— PMA and minimal (or no) PCS
— PMA and PCS register map

— Reset controller (optional)
— PHY management interface

m Supported devices, PCS configurations and data rates

— Stratix V Low-Latency PCS : 1 —14.1 Gbps
® All protocol-specific blocks bypassed
— Stratix V GT PMA Direct: 20 — 28 Gbps

AlTERAN
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Low Latency PHY IP

m Overview

— Provides a simple and a low latency path through the PCS
— Both the Standard and 10G PCS available

PCS PMA

Phase
: Serdes
Compensation
4

Excellent for custom / proprietary protocols!

Il

TERA
© 2012 Altera Corporation Public M 5
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Low Latency PHY IP Parameter Editor

o

Magotars’

Low Latency PHY

altera_xcvr_low _latency_phy

|"’ Block Diagram

[[] Show =ignals

low_latency_phy

hy_mgmt_clk .
hy_mgmt_clk_reset mset
hy_mgmt awalon
IIl_ref_clk clnck
¥_serial_data o
duit
%_parallel_data it
econfig_to_xcwr it

conduit

conduit

conduit

conduit

conduit

conduit

conduit

conduit

conduit

conduit

tx_ready

rx_ready

pll_locke:

tx_serial_dat

rx_is_lockechoref

rx_is_lockechoclat:

tx_clko

rx_clko

rx_parallel_dat

reconfig_from_xcvr

altera_xcwr_low_latency_phy

l/General [ Additional Options |* Reconfiguration |* Analog Options |

Device family: Stratic WV

Data path type:

o]

JONEHE
E
=

||

Mode of operation:

Number of lanes:

["] Enable lane bonding

FPGA fabric transceiver interface width:

PCS-PMA interface width:

BE

PLL type:

1
k

Data rate: | 14100 Mbps

Base data rate: 14100 Mbp=

141.0 MHz [

Input clock frequency:

@ Info: low_latency_phy: PHY IP will regquire 2 reconfiguration interfaces for connection to the external reconfiguration controller.
@ Info: low_latency_phy: Reconfiguration interface offset 0 is connected to the transceiver channel .
@ Info: low_latency_phy: Reconfiguration interface offset 1 is connected to the transmit PLL .

| Cancel H Finish |

© 2012 Altera Corporation Public
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Deterministic PHY

m Overview

— known timing for the transmit (TX) and receive (RX) datapaths .
— Phase comp fifo in register mode

m Supports
- Auto-Rate Configuration
e User initiated via Reconfiguration Controller
—-  Support all CPRI/OBSAI data rates in 8G Hard PCS
e CPRI-614.4Mbps to 9.8304Gbps
e OBSAI - 768Mbps to 6.144Gbps

Deterministic Latency PHY IP Core

PCs: PMA:
< Avalon-ST TX and RX > Phase Comp FIFOs CDR TX Serial Data >
8B/10B I Serializer < RX Serial Data
< Avalon-MM Cntrl and Status > Word Aligner < Deserializer
Bit Slipper

TERA
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Deterministic PHY IP Parameter Editor

© 2012 Altera Corporation Public
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Deterministic Latency PHY - det_lat_phy
“ Deterministic Latency PHY
Megators’ altera_xcvr_det_latency
- q — . _ 1
|~ Block Diagram b l/ General | Additional Options |  Reconfiguration | ji| Presets
[7] Show signals : Device family: Stratoc W : —_‘k
P Mode of operation: D Projec
el_lat_phy ;
Number of lanes: D Libran
hy_mgmt_clk clock conduit tx read'gr- FPGA fabric transceiver interface width:
hy_mgmt_clk_reset et conduit rx_ready PCS-PMA interface width:
hy _mgmt valon  condut tx_serial_dat PLL type: CHU .
Il_ref_clk I pll_locke Data rate: |4914.2 Mbps
¥ serial_data N rx_bitslipboundaryselecto Base data rate: 4914.2 Mbps .
%_parallel_data e tx_clho Input clock frequency: 122.855 MHz .
¥ datak L e r¥ clkol ["] Enable tx_clkout feedback path for TX PLL
econfig_to_xcwr dut  conduit rx_parallel_cdat
conduit b e
conduit reconfig_from_xcwr
attera_xewr_det_latency :
i > A
@ Info: det_lat_phy: PHY IP will require 2 reconfiguration interfaces for connection to the external reconfiguration controller.
@ Info: det_lat_phy: Reconfiguration interface offzet 0 is connected to the transceiver channel .
@ Info: det_lat_phy: Reconfiguration interface offzet 1 is connected to the transmit PLL .
| Cancel | | Finizh |




Custom/Low Latency/Deterministic PHY
IP Block Diagram

tx_serial_data

: Serial Data
rx_serial_data

Avalon-ST RX/TX <

tx_ready

rx_ready PCS/PMA

pll_ref clk pll_locked Control & Status
Clocks < .
*_coreclkin
reconfig_* Reconfiguration
ll_powerdown
AVAlONE-MM oy " PP Reset Control &
PHY Management phy_mgmt_ {%r:glig:g: Status (Optional)

ANTERA
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Custom/Low Latency/Deterministic PHY
IP Interfaces

m Clock interfaces

— To reference clock sources
- To MAC
— To any additional PCS blocks implemented in FPGA (as needed)

m Avalon-ST TX/RX interfaces — to MAC or user logic
m Serial data interface — to external channel

m Avalon-MM PHY management interface — to MAC or
PCS/PMA control logic

m Transceiver reconfiguration interface — to
reconfiguration controller

m Reset control and status — reset control logic

m PCS/PMA control and status (optional) — to MAC or
PHY control logic

TERA
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Clock Interfaces

m pll ref clk: Input reference clock(s)

m (x clkout: Output clock from PHY to use for
synchronizing TX output data, control and status
signals

m X _clkout. Output clock from PHY’; synchronized
to RX data, control and status signals

m (x coreclkin: Optional write-side transmitter

—Ir—_o~N

m rx_coreclkin: Optional read-side receiver phase
compensation FIFO input clock

AlTERAN



Avalon-ST Input/Ouput Interfaces

m Connects MAC to Custom PHY IP core

m Implements simple Avalon-ST interface with no
backpressure or latency

— Interface is always ready to send/receive data
— Logic must be ready to send/receive as soon as reset is complete

m [ransmit signals
— tx parallel data: Outgoing input data to PHY

Recelve signals
— rx_parallel data: Incoming output data from PHY

* For more information on the Avalon specification, please see the Avalon Interface Specification .

TERA
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Serial Interface

m Connects transmitter data output(s) and receiver

data input(s) to external serial interface

— Backplane
— Physical medium dependent (PMD) interface
— Another FPGA

m Signals
— Ix_serial data: Transmitter data output
A~~~

— X Sseria

=1/ o Damsranar Aata inniit
I ta. INCUCTIVTI Udla liipul

TERA
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PHY Management Interface

m Provides a memory-mapped register space used to

dCCesSS
— PCS/PMA control and status registers
— Reset control registers
— Transceiver reconfiguration registers

m Avalon-MM standard interface

— 32-bit data, 9-bit address
— Use read/write transactions to access register space

m Example control/status registers

— PLL locked status

— Reset RX/TX channel
— Bit/byte reversal

— Manual Wordalignment
—  FIFO overflow/underflow

Note: See Altera Transceiver PHY IP Core User Guilde for register mapping.
© 2012 Altera Corporation Public
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PHY Management Avalon Write
Transaction

00100010 001100110

LTy LU )

e clock cycle,
~
Cl

phy_mgmt_write should be asserted for on
b ep ted

AW} 22 Ve Bas) |llﬂ: ' FaVYe I B FaYeal :ﬂ AA ~ N~
ny_mgmt_waitrequest is ae-ass

m  Atrising edge of phy _mgmt clk, provide phy mgmt address[8:0],
phy _mgmt_writedata[31:0] and assert phy _mgmt_write

m Hold these values until PHY IP de-asserts phy mgmt waitrequest

m PHY IP captures phy mgmt writedata[31:0], de-asserts
phy mgmt waitrequest and ends the transfer

© 2012 Altera Corporation Public
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PHY Management Avalon Read
Transaction

001100110

phy_mgmt_read should be asserted for 2 clock cycles,
because phy _mgmt_waitrequest is asserted

m  Atrising edge of phy _mgmt clk, provide phy mgmt _address[8:0]
and assert phy _mgmt read

m Hold these values until PHY IP de-asserts phy mgmt waitrequest

m PHY IP presents valid phy mgmt readdata[371:0] and de-asserts
phy mgmt_waitrequest

TERA
© 2012 Altera Corporation Public M :

62



Reset Control & Status Interfaces

m Embedded reset controller enabled

— phy _mgmt clk reset (Avalon-MM inteface): initiates reset of PHY
— Ix _ready: PHY has exited reset and is ready to transmit data
— rx_ready: PHY has exited reset and is ready to receive data

m Embedded reset controller disabled

— PHY provides signals to connect Transceiver PHY Reset
Controller IP core or user-designed reset controller

® See device handbook for reset timing diagrams

— Examples
® pll powerdown : Resets TX PLL
® ix cal busy: Indicates transmit channel is being calibrated
® rx_analogreset : Resets the RX PLL (CDR)
® ix digitalreset : Resets the TX PCS blocks

© 2012 Altera Corporation Public
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Optional PCS/PMA Control and Status
Interface

m Additional signals to determine and control state of
PCS/PMA

m Provides instantaneous interaction over using PHY
management interface

m Examples

— tx _datak: Input to indicate data/control code (8B/10B encoding
enabled)

— rx_syncstatus : Indicates single-lane word alignment

— rx_rmfifodatainserted : Indicates Rate Match has inserted skip
character

— rx_errdetect : Indicates an 8B/10B code violation or disperity error
has occurred

— tx_rlv: Indicates a run length violation has occurred in the receiver

— rx_datak: Data/control code indicator (8B/10B decoding enabled)

— rx_runningdisp: Indicates disparity of incoming data (8B/10B
decoding enabled)

— rx_enabyteordflag: Triggers byte ordering
© 2012 Altera Corporation Public Mm 5
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Native PHY

m Give control back to the user

m First IP offering is always a family specific “Native” PHY IP.

— Lower level than PHY IP and altgx.

— Nothing but the ports and parameters. No embedded reset controller, no AVMM
CSR, no fPLLs, etc.

m Protocol specific PHY IP when it makes sense.
— PIPE, Interlaken, 10GBase-KR, XAUI are good examples.

m Schedule

— 12.0 Direct Mode (only PMA)
® Reset controller as a separate optional IP

— 12.1 Full PCS Support:
® Megawizard performs validation and provides feedback for all interfaces and parameters.
® Megawizard gives warnings rather than errors when rules are violated.

AlTERAN
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Stratix V Native PHY

m GUI

— Parameters are grouped by functional block (8B/10B, word
aligner, etc.)

— Order matches the order from the PCS diagram

m HDL

— Parameters and ports names are intended to be self explanatory:
— Parameter naming convention:

® Standard(8G) PCS — std_rx_<param>, std tx_<param>

® 10G PCS —teng rx <param>, teng tx <param>
— Port naming convention

® Standard(8G) PCS —tx_std ..., rx_std ...

® 10GPCS-tx 10g ...,rx _10g_...

® PMA —-tx pma ..., rx_ pma_ ...

© 2012 Altera Corporation Public Mm 5
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Native PHY IP Cores

m All PHY control/status signals exposed as ports

— Similar to enabling “all optional ports” on other PHY |P cores

— No memory-mapped register interface to control and monitor PHY

— Must build own “register-space” using ports to access in memory-
mapped system (if required)

m Contains PHY (PCS/PMA) only

— Reconfiguration controller must be connected manually

— Reset controller must be connected manually

® Designer can use Transceiver PHY Reset Controller IP core or
create own reset controller

* Other modes enabled in a future version of the Quartus Il software

© 2012 Altera Corporation Public Mm 5

67



Native PHY

TX PLL Refarence Clock

CDR Retfarence Clock

Transceiver Native PHY
altera_xcvr_native_<dev>

=

PLLs

—

PMA

R PMA Parallel Data
TX PMA Parallel Data

R¥ PCS Parallel Data

fo ——
FPGA fabric

TX PCS Parallel Data

Reconfiguration to XCVR

Reconfiguration from XCVR

TX and RX Hesets

Caliloration Busy

PLL and RX Locked

(when neither PCS is enabled)

=

10G PCS
{optional)

=

= Seralizer/

Clock
Generation
Block

Standard
PCS
(opfional)

Desernalizer

LA J

Serializer

© 2012 Altera Corporation Public
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RX Serial Data

TX Serial Data
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PMA GUI

Stratix V Transceiver Native PHY - a

“ Stratix V Transceiver Native PHY

Mogotors” altera_xcvr_native_sv

|~ Block Diagram ]
[l Show sighals

Number of data channels:

M Enable Tx data path

M Enable RX data path

Selected data path: pma_direct .
Bonding mode: non_bonded .

0N Standard PCS 10G PCS

prcpmapaalieldna o, Canchin fm—ta A parAll ] Data rate: |:|_250 Mbps
TS S S i —ait IOk SOt OOE L PMA interface width:
e digitalreset Lo comh 1 is_lockediodan Tx local clock division factor:
pecderefele | e ot e Dt 8L buzi TX PLL base data rate: 1250 .
psensigas )Ll occabusy [~ ™ Pma
st locknodaa | . tig_1 I [] Enable Tx PLL dynamic reconfiguration
teset lockuoref | [l Use external T PLL
Number of TX PLLs:
Leorey candus

Main TX PLL logical indes:

Number of TX PLL reference clocks:

akera_xcur_native_sv

THPLLO

PLL type:

FLL base data rate: 1250 Mbps

Reference clock freguency: 125.0 MHz .
Selected reference clock source:

[~ RX PMA

[[] Enable COR dynamic reconfiguration

Number of COR reference clocks: jl

Selected CDR reference clock: EI

Selected CDR reference clock frequency: @I
PPM detector threshold: @PPM

[ Enable rx_pma_bitslip port

@ Info:a: PHY IP will require 2 reconfiguration interfaces for connection to the external reconfiguration controller.
@ Infoa: Reconfiguration interface offset 0 is connected to the transceiver channel .
@ Info: a: Reconfiguration interface offset 1 is connected to the transmit FLL .

| Cancel || Finish |

o G Tannt — n =T
© 2012 Altera Corporation Public L—&IEH.
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Standard PCS

“ Stratix V Transceiver Native PHY

Megators’ altera_xcvr_native_sv Documentation

|~ Block Diagram 1
[ Show signals

Stratix V Transceiver Native PHY - al

Mumber of data channels:

2t R Enable Tx data path
il pemerdann o 1 _pma_clk B Enable R data path
B " Selected data path @l
¥ i ) i Eonding moce: @l
o pilrefet o _prma_clk [ PMA | Standard PCS | 10G PCS |
ppmaparatieldats L, o fr— a0 prAl [] Enable standard PCS
poeansograse )L coanchu fr—itl0ck etOre L] Standard PCS protocol hint b ~
cdigialreset s e Y FPCA fabric / Standard PCS interface width: | ..
Lrse ecte_refelk n LEW=RETETY Standard PCS / PMA interface width: 10 [ae
iterial_dus " el busg s5_enable
paeclodiodies . canchun [t ecenfigfrom uevel [+ 8B/10B |
o sen_lockioral - [» Word Aligner |
g scve - [* Run Length Detector |
s |> Bit Reversal/Polarity Inversion |

[+ Rate Mazch FIFO |

+ Phase G ation FIFO
[ |

|> Byte Serializer /Deserializer |

|> Byte Ordering |

Inforal: PHY IP I 1fi 1interf n i roal r
@@ Info:al: Reconfiguration interface offset 0 is connected to the transceiver channel .
@ Info:al: Reconfiguration interface offset 1 is connected to the transmit PLL .

Cancel

— ' — = o nvA
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andard PCS parameters

=tratis ¥ Transcelver Native PHY - &

“ Stratix V Transceiver Mative PHY

[Pl T LA LTS

T

| b gl

o et Lo Zoivlan

g el “&ﬂ

ey pll bk

ppiLrefdl

b parailel dota

g esel

prdigtaesst )i

Il odr l\d_ﬂ

e

Il LS Emﬂ.a

#&W tx_std_pefifo, a

e D std_pefito smpug

s coreckin o 31d_pelifo_ful]

gz srd_coreclkin 1 _ad_pefifs. m

prtdshide Lo o ettt e iy

L srs_yrenrcer_ens 13,410 bitshpboundanyel
i ena x 1 rmfifo,_full
x40 byterey_ens rx std_rmfife amptl

ettd poliny e

gl bisipboundasel 1, Lied

petd bitslip e

peidcomma de_ena seconfig hrom xevl

st s sladsize [

prondpbsoden Lo

1
;' ol v Auleniy, ey pads anadds

[= sy inw

[] Enable TX 8b10b encoder

[] Enable RX 8b10b decoder

["] Enable TX 8b10b disparity control

™ Word Aligner

Enable RX word aligner:

rx_std_word_aligner_ctrl:

rx_std_word_aligner_pattern:

[]1x_std_bitslip_enahle

rx_std_word_aligner_sm_data_cnt:
rx_std_word_aligner_sm_pattern_cnt:

rx_std_word_aligner_sm_err_cnt

rx_std_word_aligner_pattern_len

0000000000

A |

|~ Run Length Detector

[ ] rx_std_run_length_en
rx_std_run_length_val:

000000

|' Bit Reversal /Polarity Inversion

[]1x_std_bitrev_enahle
[] rx_std_bitrev_enable
[]tx_std_polinv_gnable

[] rx_std_polinu_gnable

[ Rate Match FIFO

[] std_rmfifo_gnable
std_rmfifo_patternl

std_rmfifo_pattern2

[ std_coreclk_Oppm_enable

|UUUUUUUUUUUUUUUUUUUUU

|UUUUUUUUUUUUUUUUUUUUU

|' Phase Compensation FIFO

tx_std_pcfifo_mode:

F_Ed_perta_mads

low_latency .

i ki .

Lt st bete ser enable
Na_itd_bnie_frr_madn

] re_fld_bryte_deder_srahle

e |

© 2012 Altera Corporation Public
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10G PCS — Parameter groups

“ Stratix V Transceiver Native PHY

Megators altera_xcvr_native_sv

Documentation

|' Block Diagram ~| 3 Show advanced features
W Shsmosiems : Mumber of data channels.
[ Enable Tx data path
a
M Enable R data path
Selected dat th: E
S el [ Setectea oma s
Bondi de:
— o | | momn e
e diginaliesen n pllte: [ PMA | Standard PCS | 10GPCS |
e pil_refelk . L e ) | enable_teng
e paraliel_data - - 1 _prma_parallel teng_protocol_hint: | pasic .
jpanalogreser rx_is_lockedt teng_pld_pcs_width: |40 .
i ignalres et . - 5 ey teng_pos_pma_width: |40 .
s eafel £ _parailel, [ ™ FiIFo
i serisl_dana x_10g il [+ rX FIFO
e - 110G ol || [F Frame Gen/Sync
prostt jockeoset 0 l0g k3 || [k CRC32 Generator /Checker
s poraiel doma 1,100 cot [+ 6a/66
10_coreclk N x_L0g _fife
et - [+ Scrambler
|2 109 corexikin 1 10g fifo
|> Disparity Generator / Checker
I= IEH control ax_10g fifo_er
[+ Gearbox
ﬁ lﬁ ﬂ Jwalid Ax 10 fife =4
[+ Bitslip
e, L0k cling_samus 1 _10g fifa
209, fifo_rd_en 1x_10g_fifo_ir [+ Black Sync
1o fite_stign e . £ 10g dus, [+ BER
e L0 fifo_slign en 104 fifs [+ Test/Debug
1 0g bitstip £, 10g fifoy
i L0 itslip 1x,109, fifo ef
- L buraten 0 10g fife per
M e ee. ]
2

s

ey

@ Info: a: PHY IP will require 2 reconfiguration interfaces for connection to the external reconfiguration controller.
@ Infora: Reconfiguration interface offset 0 is connected to the transceiver channel
@ Info:a: Reconfiguration interface offset 1 is connected to the transmit PLL .

Cancel
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10G PCS

“ Stratix ¥ Transcelver Native PHY

gt RS T_nE e - [ecum pmm

parameters

Stratix V¥ Traneceiver Native PHY - a

=
Shira dgemati g lafife. . lr!hnl_rgrlp .
temp 1anre tull 1
a feng refifa_fmpty i
ey w il a3
e — |
1x_pma clk
anslogresen RECERN
[~ R FIFO
ettt teng_rxfifo_made: phase_comp .
£x_pra clk =
[t = teng_rxfifo_full: 31
iema_parallel dats teng_rxfifo_empry: 0
Rosntlogier ondn teng_rxfifo_pfull: 23
FER S S o cond teng_rxfifo_pempty 7
FE3 odr_refclk teng_rxfifo_align_enable: [i]
g seridl dais teng_rxfifo_control_enable 0
etk kiodats [~ Frame Gen/Sync
e Jockioref f— [ teng_tx_frmgen_enable
|aparaliel daa teng_tx_frmgen_user_length: | 2p4g
ial0g corechin [Jteng_rx_frmsync_enable
L 10q corectin teng_rx_frmsync_user_length: |2p48
. teng_frmgensync_diag_word: |§400000000000000
g teng_frmgensync_scrm_word: [200000000000000
. teng_frmgensync_skip_word: |1e1e)elelelelele
a0 i st
teng_frmgensync_sync_word:  [7srs7ar676r67876
109 o d en
[ ]teng_tx_frmgen_burst_gnable
2,109, ffo i, cr
10, o, slon an [* CRC32 Generator | Checker
a0y sl [Jteng_tx_crcgen_enable
. [ teng_rx_crechk_enable
elOg burst en [~ 64/66
ST [teng_tx_64b66b_enable
teng_rx_64bGEb_enable
l ot eondur condun WD
0, 10g ch_errbik_count [Jteng_tx_sh_err
1 err_cle I [+ Serambler
m [ teng_tx_scram_enable
teng_rx_scram_gnable
<ok [Jteng_nx -
teng_scram_seed_mode:
teng_scram_user_seed 000000000000000
|' Disparity Generator / Checker
teng_tx_dispgen_enable
i Tt [Jteng Pg
ix_10g I [Jteng_rx_dispchk_enable
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PHY IP Output Files for Compilation

<phy instance name>.qip
— Script file that points to all files needed for synthesis
— Add file to Quartus Il project

<phy instance name>.v/.vhd

— Wrapper file that instantiates and configures the PHY IP core
megafunction

<phy instance name> folder

— Combination of Verilog and SystemVerilog files representing PHY IP
core components

<phy instance name>.ppf

— Stores top-level I/O and node information for importing into Pin
Planner

— Useful when pin layout must be assigned before top-level file is
completed

TERA
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Additional PHY IP Cores

m Transceiver Reconfiguration Controller
— Discussed later

m Transceiver PHY Reset Controller

© 2012 Altera Corporation Public
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Transceiver PHY Reset Controller IP Core

m Fully customizable reset solution

— Provides most flexible pre-built reset solution
— Enable as many or as few control/status signals as you need

m \Works with all non-protocol-specific PHY IP cores
— Must disable embedded controller, if enabled by default

Enabled embedded reset @

Enabled embedded reset controller (gui_embedded_reset):

Enables the embedded reset controller. When disabled, the reset control ports
(pll_powerdown, #_digitalreset, m_analogreset, and r_digitalreset) will be exposed for
manual control.

m Generates clear text Verilog file
— User can modify as desired

TERA
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Reset Controller Options

m Shared or individual reset controls per channel in
transceiver instance

m Shared or separate reset controls per each RX
channel

m Shared or separate reset controls per each TX
channel

m Option for manual or automatic RX/TX reset
recovery when PLLs lose lock

m Configurable timing delay

© 2012 Altera Corporation Public Mm 5
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Reset Controller Parameter Editor

altera_xcvr_reset_control
Megetors — - —

Transceiver PHY Reset Controller - phy_reset

Transceiver PHY Reset Controller

[~ Block Diagram : [~ General options Presets
[] Show signals ‘| Number of transceiver channels: Cf |
Number of TX PLLs: —_——
h ¢ D Project
rege Input clock freguency: ]
phy_ P equency 250 MHz [ Library
lock W Synchronize reset input
loch canduit
- ] Use fast reset for simulation
reset conduit H
Il_locked it eandut [ TXPLL
I select . . tx_ready [+ Enable TX PLL reset control
1duit conduit )
x_cal_busy Ny . 7 CrETES pll_powerdown duration: 1000 ne
duit conduit
% iz lockedtodata i digitalres [[] Synchronize reset input for PLL powerdown
vduit conduit ;
x_cal_busy o e rx_ready [+ TX Channel
hers xour reset control ] Enable TX channel reset control
[] Use separate TX reset per channel
T automatic reset recovery mode:
te_digitalreset duration: I
pl_locked input hysteresis: CI =
[~ RX Channel
] | Enable RX channel reset control
[] Use separate RX reset per channel
RX automatic reset recovery mode:
rx_analogreset duration: ne
rx_digitalreset duration: 4000 ne Al [
| cancel || Finisn |

© 2012 Altera Corporation Public
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Transceiver Clocking
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XCVR Clocking Overview

Input reference clocking Internal Clocking

>
>

\

<

(1) fPLLs can generate input reference clock
and act as transmit PLLs

| |
| |
I I
| |
I I
I I
I = I
o I g I
§=—_¢>—'C_Q ! z ,
S 2 ! = :
g : | ol : FPGA
- =_—.>_Q > 1 | Transmit Qe XCVR |1 N|
< S 17 PLLy [18) . channel "= Fapric
=~ § Fractional " : ;_ > ,
= ®|—* PLL ®
-} L —+ 1 —
G - S (fPLL) (1) - =
- l -5
A~ | ~
: TX RX
|
|
|
|
|
!

TERA
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Input Reference Clocking

________________________________________________________________________________________________________________________________

Reference Clock Network
Dedicated
refclk

XCVR Channel ﬁ

XCVR Channel ﬁ ©

Dual-purpose

XCVR Channel {EE RX/refclk pins

—>—

Transmit PLL
ATX 2G = 14.1G*
CMU 600M - 12.5G
fPLL 600M = 3.2G

Dedicated
Transmit PLL refclk

ATY 22 D 14 1(=>*

CMU 600M => 12.5G XCVR Channel ,OYE@
fPLL 600M = 3.2G

_ XCVR Channel {]O_—E: =

;
XCVR Channel {]O_—E: =

' Transceiver Bank

\—— full side buses
© 2012 Altera Corporation Public MEF{A :
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Reference Clock Network

Transceiver Bank m Dedicated clock

are segmented

Transceiver Bank

m Allow reference clocks
to be used by any PLL

Transceiver Bank on that side of the

6 Channel PLLs FPGA

& Channel PLLs

M=11 .
/ —hj—» 3 Channel PLLs routlng resources
. spanning the sides of
Transceiver Bank
N=11 3 the FPGA
—- & Channel PLLs )
— Driven by reference
Transceiver Bank clock pins
M=11
—F:'—b 6 Channel PLLs — One clock route per
Dedicated ¥ reference clock pin
Pins et L L — Exception: Arria V GT
—Fj—b 6 Channel PLLs reference clock networks

[

TERA
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Input Reference Clocking

m Clock source in order of performance

1. Dedicated refclk pin (direct path)
® |deally closest to the TX PLL

2. Dedicated refclk pin using reference clock network
® Within transceiver bank
® Outside of transceiver bank

3. Dual purpose RX/refclk pins

4. fPLL
e fPLL - TXPLL cascading can lead to high jitter

5. Clock from FPGA Fabric

© 2012 Altera Corporation Public



XCVR Clocking Overview

Input reference clocking Internal Clocking

>
>

\

<

(1) fPLLs can generate input reference clock
and act as transmit PLLs

| |
| |
I I
I I
I I
I |
1 — |
c? I g I
g =—_¢>—'<_Q ! z ,
S = ! = !
g : : . : FPGA
- =_—.>_Q > 1 | Transmit Qe XCVR |t 4 N
< S 17 PLeay [T18) . channel "= Fapric
= § Fractional g : ;_ ,
=i ®|— PLL o)
=] | —+ | —
3 '-—_->—§ Lyl F 5
- I -
~ | -~
, TX RX
|
|
|
|
|
!

TERA
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Internal Clocking: Non-bonded Configurations

x1_clock lines (.up to 14.1. G)

| CMUPLL

XCVR Channel 5
| Clock Divider |[<———¢-¢-0-6- —

[ CMU PLL
XCVR Channel 4
——————— 09990 —

XCVR Channel 3 | CMUPLL E
| Clock Divider

11d X1V

oo — — —

(High-speed)

>l
al

MU PLL
XCVR Channel2| cMY ;:l
4_

|Clock Divider[$] ¢ 606 —

[ CMUPLL |j7+
XCVR Channel 1

< oo — — —

11d X1V

XCVR Channel 0

| CMUPLL E

| Clock Divider

Serial Clocks only

TERA
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X1 Clock Network

m Span up to one 6-
transceiver bank

m Used to carry high-
speed clock to

transceiver channels

— Drives each channel’s local
clock divider

— Non-bonded operation only

m Clock source
~ Ch1/Ch4 CMU PLL
— Fractional PLL
~ ATXPLL

© 2012 Altera Corporation Public
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Chs

CMU PL __x1 Clock Lines__
Local Clock ; | P
Divider C .'
ene CMU BLL . Serial Clogk >
. - L =ra;tL|I:L" &l
Central Clock
D :TE' C ."
Ch3
CMU PLL
Local Clock
Divider ! C 1
Ch2 _
CMU PLL
Local Clock |
Divider | C
o CMU PLL | Serial Clock
G | g Fractional
Central Clock BLL
Div :TE' E 1
Cho
CMU PLL
Local Clock
; :l .
Divider C
AITERAY



X6 Clock Network

Transceiver Bank & - 1 Span up to one 6-
. - transceiver bank
- Bivider .
— | Ml m Usedto carry both high-
Gental loc g )\ speed serial and low-
cra : speed parallel clocks to
“Bivser %1% ' channels within a 6-
Ch2 - transceiver bank
Local Clock |.g ¢ ® _
Divider - — Bonded operation only
Chi >
coacoolal |4 4 | ® Clock source
— == —~ — Central clock divider
oca oG F"f
“Buger L T 1

TERA
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XN Clock Network

m Span the entire side of the
device

m Used to carry both high-
speed serial and low-speed
parallel clocks from x6 line to

other transceiver banks
— Bonded operations only

m Clock source

— X6 clock network (from central clock
divider)

© 2012 Altera Corporation Public
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Transceiver Bank

Chs

¥8 Clack Linas

Cha

Ch3

| laWaVall=

Transceiver Bank

Chs

Cha

Ch3

| laWalal s

x5 Clack Linas

:'\J_Enl‘.:rr\T/
Linag
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Internal Clocking: PLL Feedback Compensation
Path Bonding

Figura 2-15. Thrae Transcelvar Bank Channals Bandad Using the PLL Feedback Compansatian Path

m For bonding channels
e beyond a transceiver bank
with the controlled skew

m Removes divider
uncertainty by aligning
parallel clk with refclk

m Refclk restriction

Rreferenes

Fabwie

FiRoA Tranzeaiver
Hank

. — refclk frequency has to be
r the same as tx_clkout
ﬂgﬁ* — fPLL can be used to match

L= refclk and parallel clock

Hole 1o Figuee 2-15:

1) The transmirier PLL can be an ATX PLL or a GMU FLL. 'You can have up 10 six channals per bank with sa ATX PLL and five chamnels par bank with Alm
a GBIl PLL.



FPGA Fabric-Transceiver Interface Clocking

TX Data

Transmitter PCS

User selected —
tx_coreclk

—>

TXFIFO

AN PAN

|

Quartus selected )

Parallel Clock

tx_clkout

FPGA Fabric

RX Data <«

Receiver PCS

User selected _>\

rx_coreclk

-«

RXFIFO

AN

l

Quartus selected )

Parallel Clock

tx_clkout/rx_clkout

© 2012 Altera Corporation Public

(recovered by CDR)

m Quartus selected
option is best for:
— Bonded
configurations
m User selected
option is best for:
— Saving FPGA
fabric clock
resources for

multiple identical
channels

AlTERAN



Transceiver Reconfiguration
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Introduction
What is transceiver reconfiguration?

m Reconfiguration of single or multiple transceiver
channel settings during device operation

m Reconfiguration of
— Physical media attachment (PMA) settings
— Physical coding sublayer (PCS) settings
— Transceiver Clocking (PLL settings)

® Run time modification does not interrupt
operation of adjacent transceiver channel(s)

AlTERAN

© 2012 Altera Corporation Public
92



Transcelver Reconfiguration Uses

m Adjust transmitter/receiver buffer settings while
bringing up link to fine-tune signal integrity
— Increases flexibility in board/system design

m Increase/decrease data rate due to
downstream/upstream device

m Support newer, changing serial protocols

= Add design flexibility by supporting multiple
protocols with same hardware

AlTERAN



Reconfguration and Device Support

Device Family

Reconfiguration Feature

Calibration

Analog

Loopback

PLL
Reconfiguration

Channel
Reconfiguration

PMA Reconfiguration
EyeQ, AEQ, DFE
Pre-CDR reverse serial
Post-CDR reverse serial
Ref Clk Switching

TX PLL Reconfiguration
RX CDR Reconfiguration

PCS Reconfiguration

TX PLL Switching

TX Channel Divider
FPGA/Transceiver Data Width

* Support enabled in a future version of the Quartus Il software.

© 2012 Altera Corporation Public
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v
v

SIS

DN N N N NI A

Stratix V Cyclone V

v
v
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Transceiver Reconfiguration Controller

m Provides simple way to change transceiver

settings dynamically

— All types of reconfiguration require using controller

— Users must design custom hardware or software to interact with
controller based supported reconfiguration types

m Uses general FPGA resources (soft IP)

m Connects to transceiver megafunctions/IP cores
using dedicated interface
— Some PHY IP blocks implemented with embedded controller core
m Required in all PHY IP core designs, even if no
intention of changing transceiver settings

TERA
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Reconfiguration Modes

m Register-based

— Reconfiguration initiated by read and write operations to controller
registers to reconfigure individual transceiver settings

— Controller translates operations to specific transceiver registers

m Streamer-based (MIF Mode)

— Transceiver configuration data stored in ROM/RAM using a memory
initialization file (MIF)

— Reconfiguration initiated by read and write operations to controller
registers

— Upon initialization, controller steams MIF configuration data into
transceiver registers to update transceiver settings all in one step
m Streamer-based (Direct Write Mode)

— Reconfiguration initiated by read and write operations to controller
registers

— the user individually writes MIF words into individual transceiver
registers

TERA
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Reconfiguration Features vs. Modes

Register-Based Streamer-Based

PMA v v
Loopback

EyeQ

AEQ

DFE

ATX Tuning (Calibration)
Reference Clock Switch

DU N N NE A R N N
<

AN

PLL Reconfiguration

AN

Channel Reconfiguration

TERA
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Reconfiguration Diagram

User Application
Including MAC

P
Master

m Avalon-MM master interface E Avalon-MM slave interface

© 2012 Altera Corporation Public
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TX and RX
Senal Data
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Reconfiguration Controller Interfaces

FPGA Core

<>

Controller

Reconfiguration
Management
Avalon-MM Slave

MIF Reconfiguration
Avalon-MM Master

© 2012 Altera Corporation Public
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Controller

<>

Transceiver

Dynamic Reconfiguration Controller

mgmt_clk_clk
mgmt_rst_reset
reconfig_mgmt_address
reconfig_mgmt_writedata
reconfig_mgmt_readdata
reconfig_mgmt_write

reconfig_mgmt_read
reconfig_mgmt_waitrequest

reconfig_mif_address
reconfig_mif_read
reconfig_mif_readdata
reconfig_mif_waitrequest

reconfig_to_xcvr
reconfig_from_xcvr X
reconfig_busy

Transceiver
Reconfiguration

AITERAY



Reconfiguration Management Interface

m Interfaces between reconfiguration control logic and

controller

— User logic employs read and write transfers using Avalon-MM master to setup,
start and monitor reconfiguration

— Example Avalon-MM masters: embedded processor, state machine, JTAG
Avalon Master component

m Interfaces
— mgmt _clk_clk
® Provides a clock for the reconfiguration interface
® Supported frequency range: 100 — 125 MHz
— mgmt _rst reset
® Resets the controller
— reconfig_mgmt_*

® Avalon-MM slave interface made up of 7-bit address, 32-bit data and
read/write enable signals

AlTERAN
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MIF Reconfiguration Interface

m Avalon-MM master interface between controller and MIF

storage location

— Controller accesses MIF data based on requests received through its slave
interface

m Interface

— reconfig_mif _*

® Master interface made up of 32-bit address, 16-bit data, read enable and
waitrequest signals

TERA
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Transcelver Reconfiguration Interface

m Dedicated interface between controller and transceiver IP core

— Controller reads values from and writes values to transceiver registers based on
requests received through its slave interface

m Each transceiver instance has 1 reconfiguration interface per
each duplex transceiver channel and per each TX PLL

m Signals
— reconfig _to xcvr[(n*70)-1..0]

® Output signal from controller to transceiver IP core instance(s)
® n = number of reconfiguration interfaces

— reconfig_from_xcvr[(n*46)-1..0]
® Input signal to controlier from transceiver IP core instance(s)
® n = number of reconfiguration interfaces

— reconfig_busy

® Output signal that indicates when a reconfiguration operation is in progress
® Similar to the busy bits (bit 8) in the control and status registers

TERA
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Reconfiguration Controller Address Map

Transceiver Reconfiguration g:;::lrlﬂeI;T'y 7-bit Address
— Reconfiguration Feature Range
nog,
sl 7=
oy EyeQ PMA 0x08 0x0C
foco [ Pra 0B —
E,,;a i = EyeQ 0x10 0x14
o | | = DFE 0x18 0x1C
Direct Addressing - ADCE
g ot Ja = — AEQ 0x28 0x2C
o P.'I:",{ 0x33 ATX . .
o | 2, ATX PLL Calibration 0x30 0x34
Streamer ' 1
o M Streamer-Based/
Ox7F LL E Direct Write-Based 0x38 Ox3C
.ﬁ#'% PLL Reconfiguration 0x40 Ox44

Features assigned defined address ranges in reconfiguration controller’'s Avalon-MM address space
User logic sets up/activates a feature in controller by accessing registers in feature’s address range
Within controller, features have own internal address spaces for accessing specific feature settings

User logic programs feature setting by writing a value into an offset register (e.g. PMA=0x0B,
EyeQ=0x13) . The offset value corresponds to the internal address of that feature setting.

m  Reconfiguration controller uses offset value to access the correct internal address for that feature

© 2012 Altera Corporation Public * Any undefined register addresses are reserved. M IERA :
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Controller Offset Example

Transceiver Reconfiguration Controller

Controller Avalon-MM Address Space Internal PMA Address Space
Offset :

PMA Logical 0x0 0x28 VOD
Channel Address

PMA Physical
Channel Address

0x08 0x02
Pre-emphasis Pre-

0x01 Tap

Controller
Logic

0x09

- i st
0x02 Pre-emphasis 1

0Ox0A PMA Control/Status
0x0B PMA Offset 0x03

0x0C PMA Offset Data 0x10 Equalization DC Gain

© 2012 Altera Corporation Public Alﬂ-m
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Logical Channel Numbers

m Reference numbers used to represent actual
physical transceiver channels and TX PLLs

m Used during reconfiguration to target specific

channels or PLLs

— Controller translates read/write operations to logical channel
numbers to their corresponding physical channels

m Assigned to physical transceivers automatically

based on
— Number of channels and TX PLLs in transceiver IP cores
— Order in which the reconfiguration interfaces are physically
connected to controller

— View the assignment results in the Transceiver Reconfiguration
Report (Compilation Report — Fitter — GXB Reports)

© 2012 Altera Corporation Public
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Basic Register-Based Write Operation

1.

© 2012 Altera Corporation Public
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Read feature control and status register to
determine busy bitis 0

Write target logical channel number to feature’s
logical channel address register

Write the internal address (offset) value to feature’s
offset register

Write the target value for the feature setting into the
feature data register

Write feature’s control and status register write bit
with 1

Transceiver is programmed when busy bitis O
again

AlTERAN



Basic Register-Based Read Operation

1.

© 2012 Altera Corporation Public
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Read feature control and status register to
determine busy bitis 0

Write target logical channel number to feature’s
logical channel address register

Write the internal address (offset) value to feature’s
offset register

Write feature’s control and status register read bit
with 1

Read operation is complete when busy bit is O
again

Read the feature’s data register for the value of the
feature setting returned by the read operation

AlTERAN



Reconfiguration Modes: Streamer Based

my_reconfig
marmt_clk_clk reconfig_busy
[ ] . grmt_clk_clk M SRRy reconfig_bus
m [wo available modes
L} . .
gmt_rst_reset a0 address reconfig_mif_address[31.
reconfig_mgmt reconfig_mif_re
. _ ——
—  Mode 0: MIF Streamin sty pt sttensod N, | e —_—
" econfig_magmt_read B waitrequest el lufil g

config_mgmt_readdata(31.0] | .- (LELPLe ] e

i M Od e 1 . D i re Ct Writes ez:::::_::::g_x::erequest .‘"equest recanfig_to_xcur re;onfig_to_xcvr[Z?Q..

econfig_mgmt_writedata[31..0]

reconfig_from_xewi]
econfig_from_xcwvr[183..0]

fig_from_scur

m Reconfiguration data is contained in a MIF
m Supports:

— PLL counters
— Reference clocks
— Local clock dividers

... basically you get just about everything not available through
register based

TERA
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Streamer Based - Modes

m Both modes uses the Streamer module in the
Reconfiguration controller

— Unlike dedicated feature blocks (PMA, Reference Clock, etc) the
Streamer module uses the same address to carry out
reconfiguration

® Data values are different though
m Mode 0: MIF Streaming

— Streams the entire content of a MIF
— No nonsense reconfiguration
— “One command” and reconfiguration is done

m Mode 1: Direct Writes

— No MIF streaming
— Selectively write reconfiguration data

— May require multiple writes / reads
© 2012 Altera Corporatior}/Puincq p Mm 5
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Modes O MIF Streamer - Flow

1. Write <Channel or PLL logical number> to the
logical channel register at 0x38

6. Write Start MIF Stream (1°b1) to the “feature”

offset register at 0x3B

2. Write MIF mode 0 (2'b00) to the control and I
SIS (B Sl el OX3iA‘ 7. Write 1’b1 to the data register at 0x3C

3. Write the MIF base address (1’b0) value to the
“feature” offset register at 0x3B

8. Write 1’b1 to bit[0] of the control and status

register at 0x3A
I

4. \Write <base address of the MIF> to the data

9. Read the “busy” bit of control and status

register at 0x3C
|

5. Write 1’b1 to bit[0] of the control and status
register at 0x3A

register

m Steps similar to register based reconfiguration
— Steps{3,4,5}and {6, 7, 8} use the same sequence just

writing different values

© 2012 Altera Corporation Public
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Modes 1 Direct Writes - Flow

1. Write <Channel or PLL logical number>
to the logical channel register at 0x38

2. Write MIF mode 1 (2’'b01) to the control
and status register at Ox3A

—

3. Write the|<offset value>value to the

“feature” offset register at Ox3B

4. Write( <offset data>|to the data register at
0x3C
i

5. Write 1’b1 to bit[0] of the control and
status register at Ox3A

All offset data
written?

9. Read the “busy” bit of control and status
register

© 2012 Altera Corporation Public
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length [15:11] offset value[10:0]
\ A

00011/00000000000 ;- PMA - TX
0010000000100000 ;)
0000110000000000 ;|| offset data
.0000000000100000 ;)

m The length field
determines the number
of loops

m Must increment the
offset value by 0x1 after

each loop
ALTERAN



Enabling Transceiver Reconfiguration

m  User must configure
1. IP megafunction containing embedded transceivers
2. Transceiver Reconfiguration Controller megafunction

m Purpose
— Enable reconfiguration options

—  Ensure controller has the correct number of
reconfiguration interfaces

AlTERAN
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“ Custom PHY

Magators attera_xcvr_custom_phy

|"’ Block Diagram

attera_xcwr_custormn_phy

[~ Additional Options

[] Enable TX Bitslip

[T] Create rx_coreclkin port
[T] Create tx_coreclkin port
[[] Create nx_recovered_clk port

[T] Create optional ports

[ ]iAvalon data interfaces!

[ Enabled embedded reset controller

8 total reconfiguration
interfaces neede

>

| : l/GeneraI rPCS Optionz rRecnnﬂguratinn Presets
["] Show signals ] |v TR ‘ 5,
Device family: Stratix W D Project
Bl Parameter validation rules: Library
hy_mamt_clk L ) tx_ready Wode of operation: Duplex. D GIGE-1.25Gbps
conduit
Number of lanes: D GIGE-2.50Gbps
hy_mgmt_clk_reset eset conduit rx_ready - |:|
hy _mamt : e tx_serial_dat [[] Enable lane bonding
FPGA, fabric transceiver interface width:
Il_ref_clk o conduit pll_locke .
R N T PCS-PMA Interface Width:
PLL type:
‘xjarallel data duit condutt rx_clko typ Chu .
Data rate:
econfig_to_xcwr duit | conduit rx_parallel_cat |125EI Mbps
= Base data rate: 1250 Mbps .
I - reconfig_from_xecvr I
— Input clock frequency: 625 MHz .

@ Info: custom: PHY IP will require & reconfiguration interfaces for connection to the external reconfiguration contro IIer.I
@ Info: custom: Reconfiguration interface offsets 0-3 are connected to the fransceiver channels.
@ Info: custom: Reconfiguration interface offsets 4-7 are connected to the transmit PLLs.

AN

-

© 2012 Altera Corporation Public
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Interfaces 4 - 7 are
assigned to the TX PLLs

Interfaces 0-3 are assigned
to the transceiver channels

| Cancel || Finish |
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Transceiver Reconfiguration Controller - reconfig

“ Transceiver Reconfiguration Controller
MegaCers” alt_xecvr_reconfig

rananfiniiratinn

|" Block Diagram

2 [~ Parameters 1recornyguratuuri

att_xewr_reconfig

Enable reconfiguration

modes to be supported by
controller

L] Show signals .| Devics family S interfaces needed (sum
from each transceiver IP
reconfig .| SR AT _ block to be connected

Number of reconfiguration interfaces:

omt_clk_elk condut reconfig_busy (ptional interface grouping: |gg| \

grmt_rst_reset rasat conduit ch0_7_to_xcvr ‘. (e.g. 2,2 or leave blank for a single bundle) SpeCifieS hOW

2eonflg mgrt valon | condutjeCHO=1 210 XEVY | reconfiguration interfaces

E“U 7 from xcvr duit should be grouped; “8,8"
h& 15 _from_xcwr it [] Enable auxiliary transmit (ATX) PLL calibration means this controller is

connected to 2 transceiver
IP blocks, each with 8
reconfiguration interfaces

/ [] Create optional calibration status ports

/I |"' Analog Features
: W Enable Analog controls

[] Enable Eyel block

Enable decision feedback equalizer (DFE) block

["] Enable adaptive egualization (4EQ) block

|" Reconfiguration Features

["] Enable channel’PLL reconfiguration

[] Enable PLL reconfiguration support block

cancel || Finish |

© 2012 Altera Corporation Public
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Reconfiguration Interface Merging

m All transceiver channels and TX PLLs generate
an interface on the controller and transceiver
megafunction

m Quartus Il software automatically merges
interfaces as transceiver functionality is merged
— e.g. Shared TX PLLs

m Starting with separate interfaces gives Fitter
more flexibility in placement as it can merge any
interfaces as needed

TERA
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115



Controller Design Example Scenarios

1. Connecting to 1 PHY IP core with bonded
channels

2. Connecting to 1 PHY IP core with non-bonded
channels

3. Connect to 2 PHY IP cores

AlTERAN



One PHY IP Core with Bonded Channels

m One 4-channel Custom PHY IP core instance
m One transceiver reconfiguration controller

© 2012 Altera Corporation Public Mm 5
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Example 1 Setup

PHY IP Instance (CUSTOMO)
1. Configure Custom PHY IP for 4 bonded, full-duplex channels
2. Enable reconfiguration features (if needed)

3. Note the number of reconfiguration interfaces in Messages

window

— 5 interfaces total
— 0 — 3 : Transceiver channels
— 4 : TX PLLs

Reconfiguration Controller Instance (RECONFIGO)

1. Enable reconfiguration features
2. Set number of reconfiguration interfaces to 5

AlTERAN
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Example 1 Block Diagram w/ Connections

1 *
reconfig_mgmt_*,

o reconfig_to_xcvr[349:0]

»

mgmt_clk

mgmt_reset _ RECONFIGO reconfig_busy

CUSTOMO
(4 Bonded

v

Channels)

reconfig_from_xcvr[229:0] reconfig_from_xcvr[229:0]

g Number of interfaces =5

CUSTOMO.reconfig_from_xcvr[229:0] = RECONFIGO.reconfig_from_xcvr[229:0]
RECONFIGO.reconfig_to_xcvr[349:0] = CUSTOMO.reconfig_to_xcvr[349:0]

TERA
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Transcelver Reconfiguration Report

&

|Table of Contents

- B8 Flow Summary

Compilation Report

=N

(= | Transceiver Reconfiguration Report

H Component iType H Instance Mame

- B Flow Settings Eeraconfo_bondad inct
- BB Flow Mon-Default Global Settings EI - Logical Interface 0 REGULAR. R¥/TX Channel .
- BB Flow Elapsed Time : Companent Blo§ Channel rx_in[i]
— Component Bloc anne _ou
= " C tEl Channel bc_out[D]
Flow OS5 Summary 2t
- Flow Log =] —Loglca Interfa
- 21 Analysis & Synthesis Component Blod rx_in[2]
= 3 Fitter annel tx_out[2]
— EF summar Component Block phyip_bonded<4:phyip_bonded4_instjalt
) ¥ - — Logical Interface 4 DN TX PLL
- EER| Settings . i — Component Blof
- B Parallel Compilation # — Component Block phyip_bonded4:phyip_bonded4_inst|alt

- ER IfO Assignment Warnings
- BB Metlist Optimizations
- BB Ignored Assignments
& [Z] Incremental Compilation Section
= ‘=3 Resource Section
- BB Resource Usage Summary
- B Partition Statistics
- ER Input Pins
- B output Pins
- B 1/0 Bank Usage
B- E GXE Reports
i B Receiver Channel
BE Transmitter Channel
BB Transmitter PLL
EH Optimized GXB Elements

Loglcal Interface 1
: Component EloD
Component Blodk

-- Component Block
=} - Logical Interface 3

i — Component BlOW
Component Block
Component Block

ry_in[1]
t_out[1]
phyip_bonded4:phyip_bonded4_instjalt

rx_in[3]
t_out[3]
phyip_bonded+:phyip_bonded4_inst|alt

s

Logical channel
number assignments

Channel Name

Logical Channel Number

0
1
2
3
4

Channel 0
Channel 1
Channel 2
Channel 3
TX (CMU) PLL

ANTERA

© 2012 Altera Corporation Public
120



One PHY IP Core with Non-Bonded Channels

m One 4-channel Custom PHY IP core instance
m One transceiver reconfiguration controller

© 2012 Altera Corporation Public Mm 5
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Example 2 Setup

PHY IP Instance (CUSTOMO)

1. Configure Custom PHY IP for 4 non-bonded, full-duplex
channels

2. Enable reconfiguration features (if needed)

3.  Note the number of reconfiguration interfaces in Messages

window

— 8 interfaces total
— 0 — 3 : Transceiver channels
— 4 -7 :TXPLLs

Reconfiguration Controller Instance (RECONFIGO)
1. Configure transceiver reconfiguration controller

2. Enable reconfiguration features

3. Set number of reconfiguration interfaces to 8

AlTERAN
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Example 2 Block Diagram w/ Connections

1 *
reconfig_mgmt_*,

o reconfig_to_xcvr[559:0]

mgmt_clk

mgmt_reset _ RECONFIGO reconfig_busy

CUSTOMO
(4 Non-

v

Bonded
Channels)

reconfig_from_xcvr[367:0] reconfig_from_xcvr[367:0]

> Number of interfaces = 8

CUSTOMO.reconfig_from_xcvr[367:0] = RECONFIGO.reconfig_from_xcvr[367:0]
RECONFIGO.reconfig_to_xcvr[559:0] = CUSTOMO.reconfig_to_xcvr[559:0]

TERA
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Transcelver Reconfiguration Report

|Tab|e of Contents

=1

- B8 Flow Summary
- BB Flow Settings
- B Flow Non-Default Global Settings

- B Flow Elapsed Time

- BB Flow OS5 Summary

Flow Log

= Analysis & Synthesis

E- =3 Fitter

E Summary

- BR Settings

- BB Parallel Compilation

- BB 10 Assignment Warnings

- BB Netlist Optimizations

- EH Ignored Assignments

- O] Incremental Compilation Section
- I Pin-Out File

[l {3 Resource Section

- BB Resource Usage Summary
- BB Partition Statistics

- BB Input Pins

- BB Output Pins

- B8 1/0 Bank Usage

- BB All Package Pins

=} =3 G¥B Reports

- BB Receiver Channel

- B Transmitter PLL

EE Optimized GXE Elements

. B Daenrea | Hlizatinn hu Frtity

-

Transceiver Reconfiguration Report

Component Type Instance Name
1 E-reconfig nonbond iohvip inst
i El ogical Interface 0 REGULAR RX/TX Channel
1 Channel ryx_in[0]
2 Channel t_autln]
3 - Component Black AVMM phyip_nonbonded4:phyip_nonbonded4_inst|altera_x I
2 E| - Logical Interface 2 REGULAR. RX/T¥ Channel
i -- Component Block Channel rx_in[2]
2 - Component Block Channel tx_out[2]
3 AVMM phyip_nonbonded4:phyip_nonbonded4_inst|altera_x
3 CDR. Tx PLL
1 Channel
2 - — Component Block AVMM phyip_nonbonded4:phyip_nonbonded4_inst|altera_x
4 - Logical Interface & CDR TX PLL
i s Component Block Channel
2 - Component Black AVMM phyip_nonbonded4:phyip_nonbonded4_inst|altera_x
5 - Logical Interface 1 REGULAR RX/TX Channel
i - Component Block Channel rx_in[1]
2 - Component Block Channel t_out[1]
3 - Component Block AVMM phyip_nonbonded4:phyip_nonbonded4_inst|altera_x
[ Logical Interface 3 REGULAR RX/TX Channel
i - Component Black Channel rx_in[3]
2 - Component Black Channel tx_out[3]
3 AVYMM phyip_nonbonded4:phyip_nonbonded4_inst|altera_x
7 CDR. Tx PLL
1 Channel
2 AVMM phyip_nonbonded4:phyip_nonbonded4_inst|altera_x
8 [=} — Logical Interface 7 COR TX PLL
i - Component Black Channel
2 (o)1 nls /3~ piyale i e AVMM phyip_nonbonded4:phyip_nonbonded4_inst|altera_x

Logical Channel

Channel Name

0 Channel O
1 Channel 1
2 Channel 2
3 Channel 3

4,5,6,7 TX (CMU) PLL (Channels 0 — 3)

ANTERA
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Two PHY IP Cores with Non-Bonded Cores

m Two 4-channel Custom PHY I[P core instances
m One transceiver reconfiguration controller

TERA
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Example 3 Setup

4-Channel Instance (CUSTOMO)

1. Configure Custom PHY IP for 4 non-bonded, full-duplex channels
2. Enable reconfiguration features (if needed)

3.  Note the number of reconfiguration interfaces in Messages window

- 8 interfaces total
- 0 — 3 : Transceiver channels
- 4 -7 :TXPLLs

4-Channel Instance (CUSTOM1)

1. Configure Custom PHY IP for 4 non-bonded, full-duplex channels
2. Enable reconfiguration features (if needed)

3.  Note the number of reconfiguration interfaces in Messages window

- 8 interfaces total
- 0 — 3 : Transceiver channels
- 4 -7 :TXPLLs

Reconfiguration Controller Instance (RECONFIGO)
1. Configure transceiver reconfiguration controller

2.  Enable reconfiguration features

3.  Set number of reconfiguration interfaces to 16

4.  Set the grouping to 8,8

© 2012 Altera Corporation Public
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Example 3 Block Diagram w/Connections

reconfig_to_xcvr

CUSTOMO
(4 Non-
Bonded

Channels)

reconfig_from_xcvr

reconfig_mgmt_* ch0_7 to_xcvr

mgmt_clk ch8 15 to_xcvr

mgmt_reset

| CUSTOML1
reconfig_to_xcvr (4 NO n-

RECONFIGO

ch0_7 from_xcvr

reconfig_busy

Bonded

v

ch8 15 from_xcvr Number of Interfaces = 16

Intarfara GGroiininn — Q2 Q
nernace reuping 5,0

Ch an ne|S) reconfig_from_xcvr

CUSTOMO.reconfig_from_xcvr = RECONFIG0.ch0_7_from_xcvr
CUSTOM1.reconfig_from_xcvr = RECONFIG0.ch8_15 from_xcvr
RECONFIGO0.ch0_7_to_xcvr = CUSTOMO.reconfig_to_xcvr
RECONFIGO0.ch8_15 to_xcvr = CUSTOML1l.reconfig_to_xcvr

TERA
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Example 3 Logical Channel Number

Assignments*

4,5,6,7
12,13,14,15

* One possible solution

© 2012 Altera Corporation Public
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CUSTOMO Channel 0
CUSTOMO Channel 1
CUSTOMO Channel 2
CUSTOMO Channel 3
CUSTOM1 ChannelO
CUSTOM1 Channell
CUSTOM1 Channel2
CUSTOM1 Channel3
CUSTOMO CMU PLL
CUSTOM1 CMU PLL

Logical Channel Number Channel Name
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Calibration

m Transceiver reconfiguration controller
automatically initiates calibration at power-up

m Types of calibration

— Offset cancellation
® Compensates for p-n voltage offsets due to process variations
® Required for all channels
— ATX PLL calibration
® Tunes Stratix V ATX PLL parameters
® Required for all Stratix V designs using ATX PLL
® May be rerun after power-up (e.g. PLL does not lock after power-up)

TERA
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Megafunction Settings for Calibration

m Offset cancellation automatically enabled in
controller megafunction

m Other calibration types/options must be enabled

Transceiver
Reconfiguration Controller

~ Block Diagram | : |' Parameters | :
Show signals Device family: -
reconfig [~ Interface Bundles - | |
:|  Mumber of reconfiguration interfaces: |45
mt_clk_clk ook conduit reconfig_bus Optional interface grouping: glgl
mt_rst_reset st conduit chd_7_to_xcvr (e.g. '2,2" or leave blank for a single bundle)
fig_mgnmt M o h8_15_to_xcvr e =
= duit /
cluit < Enable auxiliary transmit (ATX) PLL calibration
It _xevr_reconfig \E\Ereate optional calibration status ports

;| [- Analog Features

& Enable Analog controls

Enable Eye(l block

© 2012 Altera Corporation Public Mm ;
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Performing Calibration

1. Upon power-up, transceiver reconfiguration controller
Initiates calibration

2. Embedded reset controller triggers reset when complete

3.  Monitor reconfig busy output flag or busy register to
determine when controller is done

4.  Monitor ix ready and rx ready signals to learn when
channels are ready to send/receive data

AlTERAN
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PMA Reconfiguration

m Selects from thousands of transmit and receive
PMA analog settings dynamically

m Useto

— Improve signal integrity during in-system tests and debugging

® Fine tune transmit/receive buffers according to specific board/system
conditions

1gs to achieve target BER in FPGA oi

— Manually adjust sett
upstream device

TERA
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Configurable PMA Settings

m Output differential voltage (Vop)
m Pre-emphasis support

m Equalization

m Equalizer DC gain

AlTERAN



Transceiver Reconfiguration Controller - reconfig

“ Transceiver Reconfiguration Controller
Megotors” alt_xcvr_reconfig

|" Block Diagram | : |" Parameters
[] Show =ignals Device famity: Stratic W [we
econfi | [ interface Bundies
g : Number of recenfiguration interfaces:
Optional interface grouping:
gmt_clk_clk o . reconfig_busy pt grouping |EBJ
gmt_rst_reset et sonduit chO_7 _to_xcwr (e.g. "2,2" or leave blank for a single bundle)
fi it . h8_15_t H
eoremg wvalon  conduit < e [~ Transceiver Calibration functions
h0_7 _from_xcvr ) B e I
seluit g Enable offset cancellation
[ZhE! e 1 : Enables PMA
TOM_)Cyr o ¥ - ' . .
yeluit ; [[] Enable auxiliary transmit ( reconfi gu ration
att_xevr_reconfig [] Create optional calibration status pors

~ Analog Features /

I ] Enable Analog controls I /

["] Enable EyeQ block

[T] Enable adaptive equalization (AEQ) block

[* Reconfiguration Features
: ["] Enable channelPLL reconfiguration

["] Enable PLL reconfiguration support block

© 2012 Altera Corporation Public MEA



Memory Initialization File

m Used during reconfiguration to store settings for a single

transceiver channel and/or PLL

— Stores a single transceiver state

— To support multiple transceiver configurations, you must generate and store
multiple MIFs

m Generated automatically by Quartus |l Assembler based
on transceiver PHY IP core settings

m For design implementation, configure transceiver IP core

for each set of reconfiguration options and recompile

— Each recompilation creates a reconfiguration MIF

— For faster compile times, consider creating a simplified reference or
template design

m Reconfigure channels by writing new MIF into channel

AlTERAN
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Using MIFs

m Each MIF files has the settings for single or full duplex
channel

— Each MIF file is made up of 16-bit records (words)
® Number of words determined by target device and target channel(s)

— No limitation on the number of MIFs implemented in a single design
— Single MIF can be used for reconfiguring multiple channels
m MIFs can be stored in embedded RAM or in off-chip
memory

m Reconfiguration controller automatically accesses MIF
records through MIF reconfiguration Avalon-MM master
interface

m Reconfiguration controller writes MIF records into actual
transceiver channel(s)

TERA
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MIF Example

Reconfiguration
Controller

OC_48
MIF

GIGE
MIF

Custom
MIF

Note: MIFs can be stored in single memory or separate memory spaces

© 2012 Altera Corporation Public
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Transceiver
Channel O

Transceiver
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Locating Generated MIFs

m reconfig_mif subdirectory created in project
directory

m Separate MIF created for each transceiver IP
instance and each TX PLLs referenced in those
Instances

m Default filenames based on the transceiver IP
Instance names
— User can rename MIF

© 2012 Altera Corporation Public Mm 5
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Input Reference Clocks

m PHY IP clock sources for TX PLLs and RX CDRs

m Transceiver megafunction supports up to 5 different input
reference clocks when channel and PLL reconfiguration

enabled

m Changing input reference clocks changes input clock
frequency to PLLs and CRUs

— Allows support for wider variety of data rates vs. changing PLL settings
alone

AlTERAN
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More Details on Channel & PLL Reconfiguration

m Online documentation

— Stratix V Device Handbook, Volume 3, Chapter 6: Dynamic
Reconfiguration in Stratix VV Devices

— Arria V Device Handbook, Volume 3, Chapter 7: Dynamic
Reconfiguration in Arria V Devices

— Altera Transceiver PHY IP Core User Guide

© 2012 Altera Corporation Public
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Connection Considerations

m Stratix V supports one Avalon interface per triplet

— Two AVMM per six-pack

= AVMM interface needs to be taken into account
when planning the Reconfiguration Controller

connections

© 2012 Altera Corporation
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Channel 5

AVMM

Channel 4

Channel 3

AVMM

Channel 2

Channel 1

Channel 0

AlTERAN



Connection Considerations

s Good @

— Do use one Reconfiguration
Controller to control both AVMM
interfaces within a 6-pack

OR

— Do use one Reconfiguration
Controller per AVMM interface

m Bad '

— Do not use Two
Reconfiguration Controller to
connect to the same AVMM
interface

© 2012 Altera Corporation Public
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Channel 2

AVMM

Channel 1

Channel 0

AVMM

Channel 2

AVMM

Channel 1

Channel 0

AVMM

AVMM

AVMM

Channel 3
-E Channel 2

Channel 1

Channel 0
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DPRIO Demo Design using MIF Streamer Mode O
V12.0.0
For the Stratix V GX Sl Board

Dynamically reconfigure between 2 datarates
Peter Schepers

Staff Technology Specialist FAE High Speed Interfaces
June 28" | 2012
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Blockdiagram

X0
{100 Mhz) o o
{425 Mhz) (544.53 Mhz)
Clk100Mhz
5SGTMC7K2F40
257.8125 Mhz
or
212.5 Mhz
Insert_Error MultiPrbs yé
Generator ra
40
MultiPrbs L
- Nios Il -
| ios
A 7 Control Error:.::nunt 257.BL2r5 Mhz
PC with Monitoring Status Info 212.5 Mhz
LSB-Blaster
Phy Mgmt Interface
Configuration Mgmt Interface (SW)
© 2012 Altera Corporation Public Aul Erm
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Transceiver Configuration 1st datarate (General Tab)

s, Low Latency PHY - xcvr_1Ch_Low_Latency 10Gbps

“ Low Latency PHY

Megators’ attera_xcvr_low_latency_phy

L) LIS LT RN

|"' Block Diagram

[] Show signals

xcvr_1Ch_Low Latency 10Ghbps

hy_mgmt_clk o
hy_mgmt_clk_reset et

I hy_mgnt .

I Il_ref_clk o
%_serial_data conduit

I x_coreclkin conduit
%_coreclkin conduit
x_parallel_data conduit
econfig_to_xcwr conduit

conduit tx_ready
conduit rx_ready
conduit pll_locke
conduit tx_serial_dat
i rx_is_lockedtoref
conduit
i r¥_is_lockedtodat
conduit
conduit tx_clkol
conduit rx_clkol
conduit rx_parallel_dat
conduit reconfig_from_xcwvr

attera_xcwr_low_latency_phy

© 2012 Altera Corporation Public
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l/GeneraI " Additional Options |* Reconfiguration | Analog Options |

Device famiby:

Data path type:

Mode of operation:

Humber of lanes:

[] Enable lane bonding

FPGA fabric transceiver interface width:
PCS-PMA interface width:

PLL type:

Data rate:

Base data rate:

Input clock frequency:

Stratix W

EEE *gg
L

|

|

10312.5 Mbps

10312.5 Mbps

644.53125 MHz

ANTERA



Transceiver Configuration 18t Datarate (Reconfiguration Tab)

“& Low Latency PHY - xcer_1Ch_Low_Latency_10Gbps - &
“ Low Latency PHY
Megncers” attera_xcvr_low _latency_phy
- 1
[~ Block Diagram k| [ General |  Additional Options |* Reconfiguration [ Analog Options
|I L] Show signals |' PLL Reconfiguration
" Allow PLL/CDR Reconfiguration
xcvr 1Ch_Low Latency 10Gbps
- - - - Mumber of TX PLLs:
hy_mamt_clkc ek condut tx_ready Mumber of reference clocks:
hy_mamt_clk_reset L - rx_ready Main TX PLL logical index:
CDR PLL input clock source:
hy_mgmt avalon conduit pll_locke "
Il_ref_clk i ) tx_serial_cdat TXPLLO
ook conduit
[ | w_serial_data onduit  conduit rx_is_lockedtoref PLL type: chu [
;L_coreclkin S r¥_is_lockectodat PLL base data rate: 103125 Mbps
x_coreclin . . tx_clko Reference clock frequency: 54453125 MHz [
onduit  conduit
Selected reference clock source:
] Pc parallel_data onduit conduit rx_clho
econfig_to_xcwr . . r¥_parallel_clat i
== duit duit i
eneu sandu 3 |' Channel Interface
. reconfig_from_xcvr 5
conduit

© 2012 Altera Corporation Public
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attera_xcwr_low_latency _phy

["] Enable Channel Interface

“‘Allow PLL Reconfiguration” must be checked

As 2 input referenceclocks will be used the number of input clocks

should be set to 2’.

For the first datarate the referenceclock with index O will be used for
both the Tx as the Rx

ANTERA



Transceiver Configuration 2"d datarate (General Tab)
' ———— SEATA®4-BIYY

“, Low Latency PHY - xcwr_1Ch_Low_Latency 8Gbps

“ Low Latency PHY

Magatars altera_xcvr_low _latency_phy

= 1
[~ Block Diagram | E l/GeneraI r Additional Optionz r Reconfiguration rAnaIng Options

[] Show signals Device famity: Stratix V

Dat th E
xcvr _1Ch_Low Latency 8Ghps ata path type

- =
Iﬂ:I
<

Mode of operation: Duplex |~
hy_mgmit_clk clock conduit tx_ready Mumber of lanes:
hy_mgmt_clk_reset Ta— conduit rx_ready [] Enable lane bonding
hy_mgmit valon conduit pll_locke FPGA fabric transceiver interface width: [4g B2
| Il_ref_clk clock conduit ti_serial_clat PCS-PMA interface width: Y
x_serial_data e ri_is_lockedtoref PLL type:
| ¥_coreclkin IR rx_is_lockedtodat Data rate: |35-I]ﬂ Mbps

Base data rate:

x_coreclkin conduit conduit tx_clho

Input clock freguency:

I
5
= F
EI
<
<

x_paralel_clata condut  conduit rx_clio

econfig_to_xcwr rx_parallel_dat

conduit conduit

reconfig_from_xcvr

conduit

attera_zevr_low_latency_phy

m The 2"d datarate is 8.5 Gbps from a 425 Mhz reference clock

ANTERA
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Transceiver Conflguratlon 2"d Datarate (Reconfiguration Tab)

. Low Latency PHY - xcwr_1Ch_Low LatEﬂq.r 8Gbps - - W www

“ Low Latency PHY

Megators atera_xcvr_low_latency_phy

|" Block Diagram | r General |/ Additional Options |/ Reconfiguration |/.-':\I'Iﬂ|l2lg Options

o

lI [[] Show signals i/ | |7 PLL Reconfiguration
: W Allow PLL/CDR Recenfiguration

Mumber of TX PLLs:

ek comdui tx ready) | Number of reference clocks:
3 Main TX PLL logical index:

reset conduit el o Al S
il | CORPLL input clock source:

avalon conduit pil locke 3 -

Il_ref_clk i B tx_serial_cat TXPLL O

| ¥ _serial_data onduit conduit r¥_is_lockectoref PLL type: cru B2

®_coreclkin . r¥_is_lockedtodat PLL base data rate: 8500 Mbps

x_coreclkin . . tx_clko i Reference clock frequency: 4250 MHz [+
onduit  conduit H
: Selected reference clock source: -
¥_parallel_data onduit  conduit rx_clko :

rx_parallel_cdat

xovr_1Ch_Low Latency BGhps

econfig_to_xcwr

anduit conduit

|' Channel Interface

duit reconfig_from_xcwr :
condu : [] Enable Channel Interface

attera_zcwr_low_latency_phy

m  Note that the TX PLL will be reconfigured in this example so there is
only one TX PLL Logical Index

m For the first datarate the referenceclock with index 1 will be used for
both the Tx as the Rx (Input clock source)

TERA
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Reconfiguration Controller

Transceiver Reconfiguration Controller
Megataors” alt_xcvr_reconfig

|' Block Diagram |

|' Parameters
Device family: o

|" Interface Bundles
xcvr_reconfig 4 .
- : Mumber of reconfiguration interfaces:
rmgrnt_clk_clk reconfig_husy Optional interface grouping: |
mt_cli_clk ' recaonfig_bus B
ML clk recanfig_busy SRl {e.g."2,2" or leave blank for a single bundle)
magmt_rst_reset reconfig_mif :
Eugmt_rst_reset resat address reconfig_mif_acddress[31 % |' Transceiver Calibration functions
reconfig_magmt read reconfig_mif_re :
- readdata reconfig_mif_readdatal15..0
econfig_mamt_sddress(E..0] e : reconfig_mif_waltreque [[] Enable auxiliary transmit (4TX) PLL calibration
econfig_mgmt_read read waitrequest 3
config_mgmt_readdata[31..0] eaddata reconfig_to_xcwr [] Create optional calibration status ports
config_mgrmt_waitrequest . ) reconfig_to_xcvr[1 39..% B
waitrequest reconfig_to_=cwr i =
econfig_mgmt_write write | Analog Features
Ennﬂg_mgrm_wr'rtedata[m | writedata [+ Enable Analog controls
reconfig_from_xcvr ["] Enable Evel block
Ennﬂg_frnm_xcvr[m 0] reconfig_fram_xeur :
att_xevr_reconfig| |3\ 7] Enable adaptive equalization (AEQ) block

|" Reconfiguration Features
: | Enable channelPLL reconfiguration

m  “Enable channel/PLL reconfiguration support block” must be checked
(This will enable the reconfig_mif interface in the reconfiguration
controller).

TERA
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Reconfiguration Hardware Controller (Blockdiagram)

datarate_select

do_reconfig il
L
busy -
hw_reconfiy_mgmt_address
hw_reconfig_mgmt_data
hw_reconfig_mgmt_write
-

hw dprio

Reconfig_mif_addres

reconfig_mif_waitrequest

| Av_master

reconfig_mif read L
Lot (arbiter)

reconfig_mif readdata

Xcvr_reconfig

© 2012 Altera Corporation Public

158

reconfig_mgmt_
hardware_controller

rom_sel

Z

Rom_datarate0_ch
(10.3125 Gbps Ch)

Rom_datarate0 pll
(10.3125 Gbps PLL)

Rom_datarate1_ch
(8.5 Gbps Ch)

——

Rom_datarate0_pll
(8.5 Gbps PLL}

=

16

AJTISRA



Reconfiguration Hardware Controller (Description)

© 2012 Altera Corporation Public

159

The Reconfiguration_Hardware Controller Instance is a module which
controls the reconfiguration controller (xcvr_reconfig) module through a HW
statemachine (see further).

Since there are 2 datarates being used there are in total 4 MIF files required :
2 for each datarate : one for the Channel (Tx/Rx) and one for the PLL.

These MIF files are automatically generated during the compilation.

In order to generate the MIF files for the 2"d datarate one needs to instantiate
the 2nd datarate PHY instead of the 15t one and recompile the design
(alternatively one can also use a dummy design which only instantiates the
PHY and the reconfiguration controller using the same pinouts as the final
design).

The MIF files are stored in the ROM as indicated in the blockdiagram and a
small arbiter (av_master) controls the accesses to the ROM’s and generates
the reconfig_mif waitrequest signal accordingly.

There is a MUX after the ROM’s which will select the proper mif_readdata to
feed it back to the reconfiguration controller.

AlTERAN



Phy Management Interface.

m The Stratix V PHY instance has a Phy Management Interface which is used
to control the resets and the serial loopback.

This PHY Management Interface is an Avalon MM Interface.

This design is using a QSYS system which transparently maps an Avalon
MM interface to the PHY Management Interface of the PHY.

m  The component created for this in QSYS is called “phy_mgmt” and the
phy _mgmt hw.tcl file included in the project describes it's implementation.

m  You can verify it's content by editing the phy _mgmt component.

T

1) Altera SOPC Builder - controller.sopt

File Edit Module System View Tools |

System Contents | Syatem Gen&ratinn|

Component Library
A
Project
0 New component...
e @ phy_mgrrt
e @ recon fig_mgmt
Library
+ -Awalon Verification Suite
J}---Elridges and Adapters
+ ~CycloneMGH Transceiver Starte

TERA
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Reconfig Management Interface.

The transceiver reconfiguration controller also has an Avalon MM Interface
which is used to control the PMA settings of the transceivers the
reconfiguration controller is connected to.

Similar to the Phy Management Interface this design is also using the QSYS
system which transparently maps another Avalon MM interface to the
Reconfiguration Management Interface of the reconfiguration controller.

The component created for this in QSYS is called “reconfig_mgmt” and the
reconfig_ mgmt_hw.tcl file included in the project describes it's
implementation.

m You can verify it's content by editing the reconfig_mgmt component.

14 Altera SOPC Builder - controller.sop:

|Fi|& Edit Module System View Tools |

System Contents | Syetem G&neratiun|

Component Library

&

Project
-1 New component...
..... o phy_mgmt
- reconfig_mormt
Library
{----A'.ralun Verification Suite
{----Bridges and Adapters
+ -CycloneN'GX Transceiver Starte

TERA
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wn
@

owerDown

ev. Serial Loop
ev. Parallel Loop
Ferdial Loop
PLLLocked
reqlLocked
rhsLocked
rroprcount

BER (CL=A.95%> Ch A

Btratix U Dynamic Datarate switching design wsing 1 Ch

B

-68795%9e-11

ezt Time : Bh B8Bm 13s
eference Clock B Fregquency
eference Clock 1  Fregquency
»CoreClk Fregquency
»CoreClk Freguency

644525 kH=
424995 kH=
212497 kH=
121249? kH=

Start Test or Do Full Reset on all Channels
ShowsControl Transceiver PMA Settings on Selected Channel
Inzert Biterror on Selected Channel

Rezet ErrorCounter on Selected Channel

Show Status

Toggle Serialloophback on Selected Channel and Reset
Zelect Prbhs Pattern on Selected Channel

Show detailed Errorcount

Refrezh BER every 2 seconds on selected channel
Input new BER Time Interval

Show Transceiver PMA Settings on all channels
Toggle Datarate using Hardware and reset

Stop Test

Enter Choice -
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Signal Conditioning and Best Practices
for Link Tuning

Peter Schepers
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Signal Integrity Challenge at 10 Gbps and
beyond
m  Shrinking Margins
- 1UlI=80ps @ 12.5 Gbps'!
- 1UlI=35ps @ 28 Gbps !!

m  BER targets more stringent
— Interlaken, CEI-11G, SFI-5.2, SFI-S : 1E-15

m Tighter skew requirements
—  SFI-S requires skew of 5.5 Ul at Tx o 'L |

s Need to drive backplanes e
Specification Data Rate Reach BER
10GBASE-KR 10.3125Gbps 1m (39”) + 2 <1E-12

connectors
CEI-11G-LR 11.1Gbps 1m (39”) + 2 <1E-15
connectors

TERA
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Backplane Challenges - Transceivers

m The burden is on the transceivers driving these
backplanes to compensate all of the above described
effects

m Altera Stratix V Transceivers provide different
equalization tools to compensate backplane non-idealities
— TX Finite Impulse Response(FIR) or Pre emphasis/de emphasis
— Continuous time linear equalizer (CTLE) on the Rx side
— Decision feedback Equalizer(DFE) on the Rx side

TERA
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Physics for Electrical Channel Loss

Electrical loss function

12
m
=
(7))
(7]
o
-l
o o Al .

401 Skin + dielectric

-45 1

-50-

Frequency (GHz)
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Mechanisms for Equalization

0dB \ 0dB / 0dB

f f f

v
v

Channel + Equalizer = Flat overall response
Tx equalizer: Rx equalizer:

pre-emphasis, linear (CTLE or FFE)

de-emphasis or adaptive (DFE)

Make the lossy channel a non-lossy channel
so the overall “effective channel” is an
“all-pass” function or has a flat response

© 2012 Altera Corporation Public MEA
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Equalization Architecture Overview

}
| l

Discrete time Continuous time Decision feedback
(e.g.,FIR) (e.g., CTLE) (DFE)

[ ]

© 2012 Altera Corporation Public MEA
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ldeal Pulse (IP), Single Pulse Response
(SPR), and DFE Tap Coefficients

Main cursor/tap Time-shifted IP

Post-cursors/taps

Pre-cursors/taps
SPR

TERA
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Transmitter (Tx) Buffer

m Altera Stratix V Transmit buffer drives pair of differential
signals through a pair of 50ohm impedance

m Tx offers programmable drive strength, pre emphasis and
common mode voltage for enhanced signaling

Txp

Main tap
pre driver Rterm

Tx Driver

Vem

Post tap Rterm
Pre driver
Txn

Tx Buffer Structure

TERA
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Tx Pre/de emphasis

m \When signal travelling through a lossy (insertion loss)
back plane, the transition expands to adjacent intervals,
creating Inter symbol interference(ISl)

m Tx signal can be pre distorted(emphasis) so that after it
goes through backplane, resulting signal is cleaner for Rx

m In general, two ways of pre conditioning the signal
— Amplify high frequency contents = Pre-emphasis
— Reduce low frequency contents - De-emphasis

Ref: AN 602

© 2012 Altera Corporation Public PU|Se response - pre Condltlonlng MEF{A 5
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Tx Pre/de emphasis contd..

m Altera Stratix V devices provide one pre-tap to address
pre cursor(before transition of bit) ISI and two post taps to
compensate post cursor(after transition of bit) ISI

— This is accomplished by taking delayed (z'' = Tx(n-1)) version of
transmit data and adding its weighted value to the actual data

[ ] I [ I I | I
| L L
LI_I_J-I_I_ "lrr'r1'|1llrr11111rr'r11-rrrr111rrrr'r'|1rr'l rrrrrr +,I|I ! | | | | | -
[z 7 Lo J bt fatolod wn  quma
1¥ pre fap : : ' ' ' ' | l
UL e L o L |
B : »H) o 1o AR o 1o 1 wmn
Min tap ror T T |
T | | I | | | H |
—_l_'_l_n_]_ z ] ))6 I 0 1 0 | " : m : " | 0 1 0 | xVpiT-1) \alczlct:lj:ll_ ;'.:;ilg'u
o | ] I I I ] | I
PR S l...post fap I L e e T I
w— 5 +|Ir | | | | | | - .
| 7 - I 0 11 1x | 1.x sx 10 1 0 | VpM-xVp(T-1) Pre-smehasized Signal
,ld l'_I : : I_'_'l ! ositive-Leg
2 p'DS" Tup I ] 1 1 I 1 1 I
Pre-emphasis digital filter
Tx Pre/de emphasis Effect of pre emphasis
Ref: AN 602
© 2012 Altera Corporation Public Mm 2
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Tx 15t post tap effect

m 1st post tap is most effective tap

— It emphasizes bit period immediately after transition and de emphasizes remaining
bits

— The emphasis part is not as significant as de emphasis part

— De emphasis reduces vod level and minimizing signal power

— Only positive polarity for first post tap

L

| V(T x"Vp(T-1)-Vn(T)+x"Vn(T-1
%1 1+ |'L1—>-: 1-% 1-x 1-x | -1-% . x-1 %-1 x-1 %=1 ol p(T-1)-vn(T) (T-1)

I Signal with pre-emphasis e : ek L 1 Pn%‘.—lﬂp
.......... ..l..-...I.-..........-....-....-...--...-....-...
|deal effect of 15t post tap
— Measure of post tap effect th Crvo Sp Mesro Cotoe Ui (b vwron o9 _|
® 20log(B/A) in dB ué%!i i
-’glﬁjj PSS ETNE .
wiee |3 | I ‘” T
-3 A |B

=
N
e |

Preciion Tinebae: (] B4y | 067w/ Time53 3 puiow Tag: Pafsm
1) 3} Rares s e | 55w | Grane | tewiziom | o | o=
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Tx 15t post tap effect

m Stratix V 1st post tap effect in dB

© 2012 Altera Corporation Public
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Note that pre emphasis is not very significant until the setting of 15

1stPostTap

A

1stPostTap

A

(mA) (mV) = B (mA) (mV) = dB
0 1.0124 0.7996 -2.05 3.2 0.7781 0.8462 0.73
0.2 0.9834 0.7807 2.00 34 0.7456 0.8338 0.97
0.4 0.9682 0. 7844 -1.83 3.6 0.7317 0.8411 1.21
0.6 0.9556 0. 7866 -1.69 3.8 0.7192 0.8484 1.44
0.8 0.9438 0.7912 153 2 0.7068 0.8562 167
1 0.9308 0.7974 -1.34 4.2 0.6854 0.8520 1.89
1.2 0.9179 0.8018 -1.17 N- 0.6845 0.8748 2.13
14 0.905 0.8063 .00 1.6 0.6697 0.8809 2.38
1.6 0.8975 0.8135 -0.85 4.8 0.6560 0.8816 257
1.8 0.Be54 0. 8006 -0.68 5 0.6291 0.885 2.96
> 0.8523 0.8049 0.50 52 0.6087 0.8813 521
2.2 0.8379 0.8115 -0.28 5.4 0.5968 0.8917 3.49
2.4 0.8264 0.8183 -0.09 5.6 0.5851 0.8974 3.72
2.6 0.8113 0.8244 0.14 5.B 0.5802 0.9z 4,00
2.8 0.8001 08321 0.34 B 0.5693 0.93 4.26
3 0.7865 (0.8386 0.56 6.2 0.5574 0.9366 4.51
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Tx pre tap effect

m The pre tap de emphasizes bit before transition and
emphasizes remaining bits

Negative polarity of pre tap does the opposite effect

— Stratix V Tx buffer has +/-15 pre tap values
® Pre tap has range of -1db to 2db

/ Vp(T)+x*Vo(T+1)-Vn(T)-x*Vn(T+1
-1 1 14 4% 14x  14+x 1% | 1% 1% -1-% L -T1-% %1 P(THVp(THVA(T)xVn(TH)
’ g _j':._:l wilhoul pre-amonasis :rD-TED
Signal with pre-ermphasis
F 3
/ V(T lx*Vp(T+1)-Yn(Trx*Vn(T+1
-1 0 1-x 1-J-cf,fJ 1-x 1-% o A4x | x-1 »-1 x-1 ®1 . -x-1 P Vpi FVn(Ty ( )
! Signal withcul pre-emphasis Inwerted Pre-Tap
Signal with pre-emphasis
F 3 |

|deal effect of pre tap

© 2012 Altera Corporation Public
175

AITERAY



Tx 2"d post tap effect

m 2" post tap de emphasizes first two bits after transition
and emphasizes remaining bits

— Negative polarity does the opposite effect

— Stratix V has +/-15 2nd post tap values
® 2nd post tap has less effect relatively, it has range of 0.8db to 1.5db

e 1:-:1 B S .7 SN v S .0 O B0 =5 B i B 1 S b S

| mal witheul sre-emohi ng
V Signal with pre-smphzeis Signal withcy! pre-emphasis e Post-Tap

Vp(THX*Vp(T-2)-Vn(T)-x*Vn(T-2)

Vp(Trx*Vp(T-2)-Vn(Ti=*Vn(T-2)

¢
x=1 T4x | 14+x /S 1=x 1-=x 1% | =1=x_, =1-x %=1 %=1 %=1

4 Signal without gre-emphasis Inverted 2-': PUS'.‘TF:ALJ
Sional with pre-emphasis

|deal effect of 2nd post ta =
© 2012 Altera Corporation Public p p Mm .
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Receiver Equalization

m Stratix V receivers feature the following two types

of equalizers

— Continuous Time Linear Equalizer (CTLE)
— Decision Feedback Equalizer (DFE)

E

RX
Buffer

Decision
Feedback
Equalizer
(DFE)

Y

A A

Manual
Adaptive (Dynamic
Reconfig)

To Receiver
CDR and
EyeQ
Circuitry

© 2012 Altera Corporation Public
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Rx Equalizer/CTLE

m T[he equalizer boosts high frequency components and compensates
backplane loss

m [he goal of equalizer is able to fit/‘compensate different backplane
losses

— Based on analysis of different backplanes at 10.3Gbps, Stratix V 4 stage
Rx Equalizer is designed

i

Gain (db) ]
Equalizing
region
AL gain
DC Gain High Frequency
OC gain "f},f’ Adjustment Gain Adjustment
==-—75-=. 7 0dm [0-6dB) [0-16dE]
ey,
T s
s
Backplane respo nse\ L Equalizer rezponse
S Slope Adjustment |
hA [20-80dB]
%\
Datarate 2 Frequenc
Simple Equalization response 4 stage CTLE curves
© 2012 Altera Corporation Public Mm 5
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Rx Equalizer/CTLE

m Rx Equalizer has programmable controls on
— DC Gain boost up to 12dB and serves as variable Gain amplifier
— Slope adjustment up to 80db/dec with 4 stages
— High frequency gain adjustment up to 16db

® \With out enabling of any stages, there is still AC gain of ~5dB for
Equalizer

— Bandwidth adjustment for 6.25Gbps and 12.5Gbps
m Stratix V default DC gain is changed to 3dB

DC GAIN 3DB ME:{A :

© 2012 Altera Corporation Public DC GAIN 0dB
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Adaptive Equalization (AEQ)

m In order to tune CTLE to fit to many of different customer
backplanes and to avoid manual selection of ~240
settings on CTLE, Adaptive engine is required

m Modes of AEQ

— Continuous adaptation
® Continuously adjusting 4stage equalizer settings based on input data

— One time Adaptation
® Adapts 4 stage EQ settings and freezes those values. Low power

consumption

— Manual
® User picks one of 16 available AC settings and DC settings.

© 2012 Altera Corporation Public Mm 5
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Adaptive Equalization (AEQ)

m Continuous Adaptation

— The low frequency content and high frequency content of
reference edge generator and equalizer are matched in a feed
back mechanism

® Low frequency and high frequency content are extracted using low
pass and high pass filters

— Adaptation done signal goes high after matching of signals
frequency content

Reference
Gen

Block diagram of AEQ
/ Adaptation mechanism

4 Stage EQ

Low freq <
© 2012 Altera Corporation Public & ngh freq feedbaCk MEF{A .
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Decision feedback Equalization (DFE)

m DFE is non linear system of equalization

m DFE works by actively shifting the incoming signal based
on history of received data

m DFE removes signal energy that leak from one bit to the
following bit.
— DFE effectively cancels out post cursor ISI.

m The advantage of DFE is to boost the power of high
frequency component of received data with out increasing
noise power

AlTERAN
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Basic DFE structure

SAMPLER

EQUALIZER
— Vi

in TO CDR

Y

E—i

%

I~ |
L]

m The signal at sampler at time T,
- V(Ty) =Vin(Ty) — C1*D(T_,) — C2*D(T_,) — C3*D(+1.3).- ..
® \in(T,) is output of equalizer at time T,
® D(T,) is quantified signal at time T,

® The component C1*D(T_,) compensates for post cursor signal at time T _, leaking
into signal at T,

m |In theory you would need infinite taps to compensate all
post cursor effects
— But post cursor effect decreases exponentially. So, finite number is

© 2012 Altera C(%Hi:&qilﬁl@t
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DFE Simulation

bit most
affected by
lossy line
waveform at
end of lossy \D
line
correcton
voltage at end
of DFE
bit most
corrected by

waveform at

" (AL

end after
correction o

© 2012 Altera Corporation Public
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DFE Simt

End ofLossy Line

Inputto Comparator
(output o fDFE sum’er)

End ofLossy Line

Inputto Comparator
{output o fOFE sum’er)

© 2012 Altera Corporation Public
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Injected high
frequency
1 noise on ﬂ

input signal
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N
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q.u._l Ehnid mauEae EA R
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E — -

N TIATARERTA T ] il E LT
"'H‘-'.:—__ T e T T ]
T — g

End ofLossy Line

Input to Comparator
wtput ofDFE sum’er)

AfA BT T VRIS § LAl
i ol TPRIRE T PURS

; Peak-to-peak noise is

EndofLossy Line exactly the same

N amplitude before and
after DFE circuit

therefore

thereis no gain being
applied at high

Input to Comparator |:: | — frequencies

{putput ofDFE sum'er)

on Publi RITERA
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Link tuning — Tx pre emphasis role

m As backplane loss reduces high frequency content, a positive
15t post tap and negative pre tap boosts high frequency
content

— Also improves rise/fall times of Tx buffer output data

m Using Tx Pre emphasis with DFE

— DFE compensates for post cursor IS effects, so negative pre tap is required
to offset pre cursor effects of IS|

— High values of 1st post tap and negative pre tap reduces Vod level of bits
after transition. DFE need comfortable level of eye envelope. So, positive
second post tap should be used where losses are high(in addition to 1st post
tap and —ve pre tap)

— DFE require a launch voltage of 800mv to 1000mv(corresponds to ~40 to 50
on Tx Vod setting)

m The only disadvantage of Tx pre emphasis is in systems

with high coupling, cross talk amount would be increased

— Because high frequency content on signals is increased with pre emphasis

— In other words, if cross talk is not major concern, Tx pre emphasis is very
effective

TERA
© 2012 Altera Corporation Public M 5
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Link Tuning & Rx Equalization

Rx Equalization is well suited for real time adaptation and
equalized signal is readily available for Rx
— Use Rx equalizer when backplane loss is less than 17db

In case tighter power requirements, use either one time
adaptation or Manual CTLE

— Disadvantage of these modes is the performance impact with VT
changes

— Use adaptive mode or provide enough margin to overcome this
disadvantage

CTLE can boost high frequency noise in addition to

signal content — poor signal to noise ratio

— In multi lane systems with high cross talk, use lower CTLE settings in
order not to amplify noise/crosstalk

If backplane loss is high and cross talk is high, DFE
IS better choice of equalization

TERA
© 2012 Altera Corporation Public M 5
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Link Tuning & DFE

m DFE is well suited in systems with high cross talk/high

reflections

— Use higher DC gain to use less equalizer values and more DFE (better
SNR)

m Use DFE + CTLE if total loss of system is above 20dB

— Recommended mode of operation

® continuous AEQ + one time/Manual DFE
® One time AEQ/Manual CTLE + continuous DFE(ADFE)

— Three adaptive loops(CDR, DFE, CTLE) cannot be used at the same
time to avoid loop interaction BW need to be separated by decade

m Continuous DFE(ADFE) can increase Transceiver
power by 2X

— One time adaptation helps in achieving additional power savings and
reduced effort compared to manual DFE

TERA
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ow chart for Link tuning — in progress

Is total IL <
20dB?

*TBC

Is loss < 22dB &

Is crosstalk/RL a
concern?

Sl s loss <17dB

!

run time critical

5| Is loss <= ~27dB*

Use CTLE + TX

pre- emp

é_-_—

Use CTLE + Tx pre-
emp + ADFE with
SoftlP + DC Gain

Use CTLE+ Tx p

SoftIP + DC’Gain

emp + ADFE with

re-

1.Set tx pre-
emphasis
2.Set CTLE settings

© 2012 Altera Corporation Public
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; 4
Il ’/’
II JRe
v k
1.Set tx pre- 1.Set tx pre-
emphasis emphasis
a.set pre tap value a.set pre & post
2.Set min CTLE tap value

settings

3. Set 3db or 6db
DC gain

4. Run ADFE

b. use 2"d post tap

v

Use CTLE + Tx pre-
emp + ADFE with BER
IP+ DC Gaip

I

NO SOLUTION
1

v

if post tap values
are high

2.Set min CTLE
/AEQ 1ltime

3. Set 3db or 6db
DC gain

4. Run EDFE

1.Set tx pre-emphasis
a.set pre & post tap value
b. use 2" post tap if post tap values
are high
2.Set min CTLE /AEQ 1ltime
3. Set 3db or 6db DC gain
4. Run BER IP
5. Run EDFE

AITERAY




Signal Integrity Simulation
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10GBASE-KR Backplane Electrical

m [ X 0

— Eye mask 10

m Channel

— Channel description
— Insertion loss

HIGH CONFIDENCE
REGION

Insertion loss (dB)
F=y
]

50t
— Return loss .
m RX
— Jitter Tolerance 80! = o o
Frequency (MHz)
~ Return loss | e
Figure 69B-5—Insertion loss limit for 10GBASE-KR
m System I L
(] = |
- < BER = 1E'12 —

TERA
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Transceiver Simulation Models

m Altera’s suite of transceiver

design tools -
- Evalluat.e performance in custom 5 | g 4 —3 5
application | ¢ [w
— Run “What if” simulations for —
early analysis B
— Create design constraints in 1 }
layout and design -~

— Run in-system verification for
board bring-up and live debug

-« m HSPICE full circuit models

ol Wy A «  m |IBIS-AMI behavioral models
- \ 4 — Fast simulation

— Analog and algorithmic description
| of all major transceiver components

— Analysis of millions of bits

TERA
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Customer provided
S-parameters

| PELE |

¥

Coefficients

Backplane

m Optimize the equalization coefficients for the transceiver
m Early estimate of link performance
m Inputs: Channel / settings

TERA
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Simulation Model Comparison

HSPICE IBIS-AMI PELE

Accuracy

Time consumption

Corner model availability

Flexible data inputs

Link to other devices

EDA tool requirement

Simulation platform
requirement

© 2012 Altera Corporation Public
195

High

Hours to days

Full

Yes

Yes

Synopsys HSPICE

64-bit Linux,
8 GB memory

High/medium

Minutes to hours

Full

Yes

Yes

Yes, independent

EDA-tool
dependent

Medium
Minutes
TT/NormV/85C
PRBS-7/10
No
NA

32-bit system,
1 GB memory

ANTERA



HST Jitter and BER Estimator

Hs anter and BEH Estimaton 1.0

m Custom characterization

— Quickly and accurately estimate
system link reliability (BER)

— Utilize customer-specific channel "voo i = COR B anviah

CTLF tpi Maode

AL Geass Lawal

(S-Parameter) Rt OC G )

OF E Diptimis stion

— Run statistical analysis using R, e T 1ap3
characterization data e 1 fy —| [ r—r T Ko L1 181

m Margin analysis

o TX T O i [ amy. ] 1 - i3 O juRy

. RX TN Pl sy T . : Ve Fud iy

— Channel L
m Reduction of system cost e

— Cost-effective alternatives for the ‘ -

same system performance . 8= = i
F] =g =1
Currently Available “ —
- i Dkl b G G Rl ! Bddd B3 G 600 LR Al w

for Stratix 1V and V FPGAs =l . B

© 2012 Altera Corporation Public
196



Link Simulation Flow — Early Stage

L] USG generIC S_parameter flle Generic S-Parameters

- From backplane model provider, EDA (model provider/fab)
simulation tool extraction or VNA
measurement

m Use PELE/JBE to see if the
selected device compensates
channel losses using pre-
emphasis or equalization, or both SBLILELS

Requirements

m Check to see if the eye opening
meets the protocol requirements
or device requirements

TERA
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Link Simulation Flow — Design Phase

Extract Backplane
m Pre-emphasis and/or —
equalization settings selection

m Fine tune/validate settings . EDAS.Tglat.osns |
epICE

— IBIS-AMI behavioral models
m Use JBE to include the

statistical data %
m Use the transceiver toolkit to

verify and debug

m Channel design
— Further analysis

Include Statistical
Data (RJ)?

Board Design

Use Transceiver Toolkit

Debug/Verification

TERA
© 2012 Altera Corporation Public M
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PELE Configuration

= Standalone mathematical tool
re-emphasis
— Requires MATLAB run-time library 1 Manual Auto
m |nputs 2 Auto Auto
3 Auto Manual
B Data rate 4 Manual Manual
- Vop
— Backplane DFE
— TX pre-emphasis setting ! Disable
— RX equalization setting 2 Auto
3 Manual

® AC gain (CTLE)
® DC gain
e DFE

Outputs
— Deterministic eye opening at TX, RX, Backplane (54
and post equalization —>
LA . Stratix V GX [N
— Optimal pre-emphasis and DataRate PELE Tool Equalization |
equalization setting 00

Eye Opening

Auto/Manual
Mode

Pre-emphasis

n

VOD

TERA
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PELE Configuration

m Standalone mathematical tool
— Requires MATLAB run-time library

m |nputs
— Data rate: 10.3125 Gbps
- Vgp : 1000 mV

— Backplane:
“30inches_2connectors_backplane.s4p”

— TX pre-emphasis setting: Auto
— RX equalization setting

® AC gain (CTLE) : Auto

® DC gain: 4 (0-8 dB)

e DFE: Auto

m Outputs
— Deterministic eye opening at TX, RX,
and post equalization
— Optimal pre-emphasis and
equalization setting

© 2012 Altera Corporation Public
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Optimization TX
1

Manual Auto
2 Auto Auto
3 Auto Manual
4 Manual Manual

1 Disable

2 Auto
3 Manual
Auto/Manual
Mode

Pre-emphasis

n

Backplane (*.s4p)

Stratix V GX .
Data Rate - Equalization -
pd PELE Tool —
VOD - Eye Opening R
AINTERAW



PELE Simulation (30” link @10.3125G)

Evye-Diagram at the Rx DFE Cutput of BF Channel

© 2012 Altera Corporation Public
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Magnitude ]

Time [ps]
Tirre [ps] I
Time [ps]
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PELE Simulation Output

m Refer to Stratix V user guide on PELE instructions
m PELE output results:

Pre-emphasis

levels|:
coefficients |:
auto preemp
CTLE AC Gain|:
DC Gain|:
DFE
levels |:

coefficients|:

>>>>>>>>>>>>>>

T Output
Channe
CTLE Output
DFE OuTput

Starting point for

Pre-emphasis, CTLE and DFE Settings

optional simulation
analysis

==

Output :

s pre_tap main_tap post-tapl post-tapl
-7 28 0
-0.114 0.824 -0.413 0. 000
: valid
15
4 (Bde)
: pos-tapl pos-tap2 pos_tap3? pos-tapd pos_taps
0 - 0 2 0
-0. 0000 0.0386 -0.0000 -0.0369 -0. 0000
E-:._.-,e l..-idth ard EYE HE-i gr-t ppppppppppppppppppppppppp
Eye width Eye Helght Eye Openin
[uz] ?w] area [ur*v
0.92313 0. 29400 0.13570
0. 69469 0.08600 0.02987
0, 74144 0. 32600 0.12085
0. 35200 0.13233

© 2012 Altera Corporation Public
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|0.75 Ul = deterministic eye opening
1- 0.75 Ul = 0.25 Ul = non compensated jitter
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System Performance ’ —’

m PELE analysis is a deterministic simulator

m Jitter and BER Estimator (JBE) incorporates
random jitter components of transmitter and

receiver through characterized data
— Early version (EAP) of Stratix V JBE is based on Stratix IV data
— Final version will incorporate actual silicon measurement

m JBE will determine Bit Error Ratio performance of
link

AlTERAN
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Jitter and BER Estimator Tool

HST : Jitter and BER Estimator Stratix V EAP

Online Help

Global Options Target BER  RIZSIEEIMN Data Rate (Gbps) [IEIERFS PRBS27-1 |

TX Device Stratix V 1.0V RX Device
PVT Condition Typical PVT Condition
VOD {mV) 1000 Channel DC Gain
EQ Post Tap 1 MIA EQ Level
EQ Post Tap 2 MIA CDR Bandwidth
EQ Pre Tap /A User DJ {UI)
PLL Type ChMuU User RJ {UI)
Reference Clock (MHz) JErresIyL

PLL Bandwidth Iedium Analysis Mode and Eye Mask Settings

N EEEINET G BN WL G DataRate/1667
User DJ (Ul) 0.11 Analysis Mode Full Link
User RJ (UI) 0.01 Near-End Eye Mask (Ul) 0.5
Far-End Eye Mask (U} 0.3

Subsystem Jitter

Non Equalizable Channel D.J

TX DJ (U1} TX and/or RX EQ Enabled
TX RJ (UI) TX EQ Enabled only

© 2012 Altera Corporation Public
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JBE Configuration Steps

1. Setup global >tep!

parameters

HST : Jitter and BER Estimator Stratix V EAP

Online Help

- Target BER ISR Data Rate (Gbps) Test Pattern
-~ Data Rate (Gbps)
TX Devire Strativ V 1 0V RX Devire Strativ V 1 0V
—  Test Pattern PVT Condition IRV PVT Condition  INRGTE
VOD (mV) TX Channel RX DC Gain
H H H EQ Post Tap 1 EQ Level
2. Link configuration £Q Pt Tap 2 COR Banit
EQ Pre Tap /A User DJ (UI)
: PLL Type User RJ (UI)
- AnaIySIS mOde Reference Clock (MHz) [EERXSLRTRL
: PLL Bandwidth
SeleCtlon/eye [LEELN G WY DataRate/ 1667
User DJ (UI) Analysis Mode Full Link
maSk Setu p User RJ (UI) Near-End Eye Mask (UI) 0.5
Far-End Eye Mask {Ul) 0.3
—  Options: Full
Llnk, TX, RX Subsvstem Jitter

Non Equalizable Channel DJ

TX DJ (UI) TX and/or RX EQ Enabled [JRIE RX DJ (UI)
TX RJ (UI) TX EQ Enabled only RX RJ (UI)

© 2012 Altera Corporation Public Alﬂ-m
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JBE Configuration Steps

3. Configure TX
Setti n g S HST : Jitter and BER Estimator Stratix V EAP

4. Configure RX

Target BER UGS DEELETCY (GG 10.3125 Test Pattern PRBS247-1

settlngs Step4 ~
5 ) I n p ut th e n O n - P\Iﬁcn::;;?on Stratix V 10V P‘?Txcrz:l\.:;.ia_on Stratix V 10V
1 VOD (mV) DC Gai WA
eq u a I |Zed EQ Pl}ﬁt?ﬂp 1 NIA ™ chame RX EQ Lt:::I
EQ Post Tap 2 NIA CDR Bandwidth W
Channel DJ EQ Pre Tap User DJ (UI)
PLLT User RJ (Ul
fro m P E L E Reference Clock 113N 322 266625 =L
PLL Bandwidth
- - Measurement CDR BW [EERECAEEY
User DJ (UI Analysis Mod Full Link
simulation —r e
Output Far-End Eye Mask {U1) 0.3
- "1 -Eye opening”
pOSt eq ual Izatlon Non Equalizable Channel DJ
. TX and/or RX EQ Enabled .
— May add ma rgin TXRS {H:; TX EQ Enabled only e Y [[llJJII}:'

to this number to
account for
cross-talk

ANTERA
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Link Analysis: Full Link Mode

m Full link simulation shows that the link meets the
BER target of 10-1°

m Margin analysis

Max Allowable Non-EQ Channel DJ @ Target BER Full Link Performance
Mazx Allowable Channel DJ (@ BER) BER Curve
] 0.2 0.4 0.6 0.8 1
Allowable TX Jitter (@ BER) Allowable RX Jitter (@ BER)

1E-01 — : :

1.000 1.000 1E-04 \ /

1E-07 \ /
0.780 0.750 \ /-

w 1E-10

1E-13 \‘ f
0.500 0.500 1E-18 "\ I{

1E-18 “' {
0.250 0.260 Sampling Time (UI)
0.000 0.000

C.o0o 0013 0025 0038 Q.0B0 DOE3 0.000 0013 0025 0038 0050 0.063 Full Link Margins

RJ (U1 R (N
(uh (U TJ Margin @ Target BER
Actual BER

TERA
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EyeQ Enables On-Chip Analog Debug

m  EyeQ is a circuit that enables users to “probe” the CDR input

m Users can view the eye opening at the CDR input

m Users can see the correlation of EQ settings to eye opening

m EyeQ enables users to use the debug feature with live traffic
Captured with Captured with Captured with
OscilloscoEe Oscilloscope Transceiver Toolkit

I

. Pre-

| Emphasis
I

Transmitter Output Lossy Channel Receiver Input

Minimize board bring up / debug time with
Dynamic reconfiguration and EyeQ

ANTERA
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EyeQ Circuit

EQ: Equalizer
PD: Phase Detector
CP: Charge Pump

= - VCO: Voltage Controlled Oscillator
I RX ] Pl:  Phase Interpolator
I > Sampler A _I_
I ‘ I ouT
| 5l : Recovered ‘
RX _|_} R I *
Zo)|—g—>
: : m 64 vertical threshold levels
I I m 32 horizontal phase-
I EYE ] —  3ps/ steps (@ 10Gbps)
I ] m User selectable threshold /
Recovered i
| » | i Pl setting
[ ]
[ - i
[ i ]
I y I BIT BitErr
. Checker
| sempicr e

I —

e insv
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More Sophisticated Tools

s DFT I | i
—  Eye Diagram (Persistence mode) e e <
- Eye Diagram (BER plot)
- BER Contours

- True Oscilloscope Capability
- Jitter Measurement

-

- Edge rates & Pre-emphasis
measurements

— and more ...

—

|
- — = a - — - _-_—
m Ly AT
[ i ‘X
! i b
20 -'ij \‘ | Jrl [} ===
(ER| \ ¢
Ny | §iv
100 1 8| ¢
Kl 5| [
[ W |u
¢ ' W il
i h]
b K
00 i _. 1
| LI f
| . I‘Ii : rl
14}
ey b~ e
00| =] v |

40 B0 B0 000 1A0 00 e e 20D

Tinne (ps)

TERA
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Sl Board Backplane Support

m Designed with mating BP

connector from each vendor Xcede Impact
» Amphenol, Molex, Tyco \ o

m Can directly plug into vendor’s
standard backplanes

m Characterize performace at
10G & 12.1G

Tyco Strada
Whisper

m Evaluate performance at

higher data rates (ie, 14.1G) Stratix V Sl Board

© 2012 Altera Corporation Public Alﬂ-m
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Amphenol Molex

(available soon)



High-Speed

© 2012 Altera Corporation—Public
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High-Level Challenges — Debug Phases

Phase 1.
Check if data is passing through transceiver channel

during PCB bring-up
— Test BER by generating and verifying industry-standard PRBS
data patterns
— Dynamically reconfigure the pre-emphasis and equalization settings

— Analyze the link by using Stratix V EyeQ feature to find optimal settings

Phase 2:

Perform in-system or mission-mode link analysis with

real-time data in an operating hardware system

— Integrate completed user design for full system testing
— Verify BER by using Stratix V bit comparator

AlTERAN
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Debug Phase 1-Q & A (1/3)

m Can | see data in the transceiver channels?
— Perform internal serial loopback
— TX and RX loopback directly within the silicon

p-

<

© 2012 Altera Corporation Public
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Debug Phase 1 -Q & A (2/3)

m Can | see data drive out of the FPGA TX pin and the
same data drive back into the RX pin, and vice versa?

— Perform external loopback
— TX and RX drive in and out of the FPGA pins

© 2012 Altera Corporation Public MEA
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Debug Phase 1 -Q & A (3/3)

m Can | see data drive out of the FPGA TX pin and the
same data received in another device or external test

equipment, and vice versa?

— Perform reverse serial loopback
— TX from device 1 drives RX in device 2 and vice versa
— External test equipment drives RX in device 1 and vice versa

FPGA/ASIC/ASSP

TERA
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Debug Phase2-Q & A

m Can | see data running in the completed

hardware system?
— Run final test by using the fully integrated user design

© 2012 Altera Corporation Public
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Transcelver Toolkit Overview
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What is the Transceiver Toolkit?

m The Transceiver Toolkit helps users generate
designs to control and test transceivers during
PCB bring up or in-system signal integrity
analysis

m Users can easily control PMA settings, generate
and check PRBS patterns to ensure optimal link

ﬁﬁﬁﬁﬁﬁﬁﬁﬁ

VMU GLIUI |

m Both command line and graphical user interfaces
are available

AlTERAN



Transcelver Toolkit Features Overview

Transceiver channels

Dynamic reconfiguration

EyeQ
DFE

Data pattern generator
and checker

Auto sweep

Error insertion
Status
Reporting

Diagnostics

© 2012 Altera Corporation Public
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- Consist of full-duplex transmitter (TX) and receiver (RX) channels
- Enable and disable each transceiver channel

- Change configuration (e.g. data rate, differential output voltage (V5p), pre- emphasis,

decision feedback equalizer (DFE), continuous-time linear equalizer (CTLE),

and EyeQ) at run time
- Draw BER bathtub curve and eye contour — Stratix V only

- Enable decision feedback equalization (DFE) — Stratix V only

- Change test patterns (e.g. pseudo-random binary sequence (PRBS)
7,15, 23, and 31) at run time

* Run sweep tests to converge optimal pre-emphasis and EyeQ settings
* Provide target BER for error check

- Insert error on serial data in transceiver channel

- Indicate link lock, # of errors, # of transmitted data, and BER

- Report settings converged for different BER, equalization, and
pre-emphasis

 Perform serial loopback and reverse serial loopback tests

AITERAY



Getting Started
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Recommended User Flow (1/2)

Apply Changes in
Qsys

Change
Pin Assignments

Compile Design

Program FPGA

© 2012 Altera Corporation Public
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Recommended User Flow (2/2)

© 2012 Altera Corporation Public

Launch Transceiver
Toolkit

Change Settings Auto Sweep

Manually BER and DFE

Auto Sweep
EyeQ

Apply Optimal
Settings

ANTERA



PCB Set-Up

m Power up PCB
m Check if FPGA was configured successfully

m Make sure the links you want to test are connected
correctly (e.g. connect cables for external loopback
shown below)

W ] e (el GRS R
il Sl ) R
AH g _2,'[ ’q- ’xr f <

T om0 TR
i L = ARAALALAL phravaie
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Board to Board

Transceiver Toolkit

FrcA il Frca [

PCB 1

Device
FPGA FPGA C

Device Device
A B

Download
Cable

Download
Cable

Multi-FPGA board to multi-FPGA
board setup and communication
under 1 Transceiver Toolkit Ul

PCB 2

© 2012 Altera Corporation Public MEA
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Launch Transceiver Toolkit
Ch + tti Auti *
m Click Transceiver Toolkit from
v

Tools menu in Quartus Il P —
EyeQ
software 3

Settings
under “connections”, check list

m From System Explorer window,

File Tools Help

for your JTAG device

Systern Explorer

— If device name does not appear, =Y
make sure the device is powered on =3 connections
: =) USB-Blaster on localhost [LISE-0]
and connected to the machine B ————
. o i [MPG70 D34 INST:0 VER: 3]
m Load Quartus Il p_ereCt Lo @ [MFGI110 ID:128 INST:0 VER:1]
. . . . =) desians
containing transceiver design =6 gl test_example.cpf
— File = Load PrOJeCt ----- # gx_link_test_example.sof
----- # gx_link_test_exarmple.jdi
m Open Transceiver Toolkit tab Ee-{3 ink_test_sopc_sys sopcinfo
. ; =23 design_instances
— Tools - Transceiver Toolkit = ax _link _test_exampls_instD)
o gu_link_test_example.sof

AITERAY
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Connect to Targeted Device

m Linking design instance to device:
— From System Explorer window, navigate to “design_instances”

— Right click on targeted instance

— Select your connected device

[ | System Consaole - Transceiver Toolkit

File Tools Help

Systern Explorer

=g

=Y]
=1-{2) connections
=113 USE-Blaster on localhost [LSE-0]
-7 EP45G1230|ES@1
® [MFG:70I0: 34 INST:0 WER:S]

=)+ designs

=+ gx_link_test_example.qpf
----- # gx_link_test_example.sof
----- # gx_link_test_example.jdi

2= fink Feel ennc oocinfo

Leogp [MFE:110 100126 INST:0 VER: 1]

Welcome to the Transceiver Toolkit | Transceiver Toolkit O X |

Transmitker Channels | Receiver Channels || Transceiver Links

alias: |

Generator path: | ZMane =

wewr path: |<N|:|ne:=

Logical channel address: I:I
L L 1

R oI ni_test_c=i

Lo gu_link_besk BESESES
b i Q_link_test_example. jdi
B link_test_sopc_sys,sopcinfo

gn instance ko

—— " 1

I
Jconnections/IUSE-Blaster on localhost [USE-0]/EP4SGE%230|ES@]

% _xcvr_address_U [faEsIgn_irsEances ge_ink_test_

|3 T = =1

© 2012 Altera Corporation Public
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Launch Transceiver
Toolkit

Create Tcl Set-Up Script

Change S Auto Sweep
W ERELY BER and DFE
Auto Sweep
EyeQ

o Apply Optimal
Settings

[ | System Console - Welcome to the Transceiver

m Automate set-up
using Tcl script

B CIle Save AS . from : IZ-EltE! TCL setup script

. E designs
Fi | € menu EI @ design_inskances

FIEN Tools Help

Load Project. .,

qyx_link_test_example_ins

— All saved scripts are e oxinkrest_example.sof

----- # g_link_test_example.jdi
: = A7) link_test_sope_svs.sopcinfo
. . =- @l sCripks
- CI'Ck on a SC”pt ‘o @ create_channels
- # create_channels,tcl
# gxdebug_gui_testl. kol
- ® hack.kd
@ load.tel
e @ my_laod. b

shown under “scripts”

© 2012 Altera Corporation Public Alﬂ-m
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Create Links

Launch Transceiver
Toolkit

v
Chang S Auto Sweep
H H ENIVE] BER and DFE
= Transceiver Links tab =
v

— The channels in your design are auto-populated in the
Transmitter Channels and Receiver Channels tabs

— By default, a link will be created between the transmitter and
receiver of the same channel and shown in Transceiver

Auto Sweep
EyeQ

Apply Optimal
Settings

Links
| Transmitter Channels | Receiver Channels \: Transceiver Links |
Transceiver link alias: |Lu:u:upl:uau:k_Link_xn:w_address_tl |
Transmitter channel: iTH_x-:w_au:Iu:Iress_El 1 Jdesign_instancesfgx_link_test_example_inst0/link_test_sopc_swys.sopcinfo/Te_xc... V|
Receiver channel; !Rx_xcw_address_ﬂ v Jdesign_instancesox_link_test_example_insk0)link_test_sopc_sys, sopcinfofRe_xc, .. V|

[ Create Transceiver Link

| Transceiver Link Alias Transceiver Link Path Transmitter Channel (alias : Pa..,  Receiver Channel (Alias ; Path) |
Loopback_Link_xcwr_address 0 v JLoopback_Link_xcvr_address 0. svs.sopcoinfo)Ts_ocvr_address 00, vs,sopcinfofRx_xovr_address 0

srscEiver Link [ Conkrol Transceiver Link ] [ Transceiver Auko Sweep I [ Transceiver Evel)

© 2012 Altera Corporation Public
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Control Transceilver Link

m New Custom Control Panel (From QIl 11.0 onwards)

- Intelligent control management for improved ease of use

- Additional data reported — channel datarate, reference clock, LTD/LTR lock status

-~ Serial Loopback Control added

— Highly visible status indicators — color and animation

Welcome to the Transceiver Toolkit | Transceiver Toolkit| Link: Loopback_Link_xcvr_address_0 0 X |

Transmitter Channel
Transmitter channel alias:
Logical channel address:
Data rate:

PLL refdk freq:

WOD contral:

Pre-emphasis 1st post tap:
Pre-emphasis pre-tap:
Pre-emphasis 2nd post tap:
Test pattern:

Preamble word:

MNumber of preable beats:
Use preamble upon start:

TXfCMU PLL status:

DI

1250,0 Mbps

a
a
a

ml
(=)
=
i
R R =

Receiver Channel

Receiver channel alias:

Logical channel address 0

Data rate:

PLL refdk freq:

DC gain:
Equalization contral:
DFE 1st tap value:
DFE 2nd tap value:
DFE 3rd tap value:
EyeQ phase step:
Enable word aligner:

Test pattern:

Number of bits tested:

Number of error bits:
Bit error rate (BER):
R CDR PLL status:

RX COR data status:

Stop

H Inject Errar H

Reset

=
g 3
B o
3§
.-

)
L4

11

4

ff

|

1750954510400

(%]

1.1422E-12

] Serial loopback enabled

Welcome to the Transceiver Toolkit TransceiverTooIkit| Link: Loopback_Link_xcvr_address_0 0O X |

EHIENE

Transmitter Channel
Transmitter channel alias:
Lagical channel address:
Data rate:

PLL refdk freq:

VOD control:

Pre-emphasis 1st post tap:
Pre-emphasis pre-tap:
Pre-emphasis 2nd post tap:
Test pattern:

Preamble word:

Number of preable beats:
Use preamble upon start:

TX/CMU PLL status:

[u]
1250.0 Mbps

156,25 MHz
5

5

I @ @

Receiver Channel

Receiver channel alias: () R¥_xcvr_address_0

Logical channel address 0
Data rate: 1250.0 Mbps
PLL refdk freq:

DC gain:
Equalization control:
DFE 1st tap value:
DFE 2nd tap value:
DFE 3rd tap value:
EyeQ phase step:
Enable word aligner:

Test pattern:

Status: Checking
Locked: No

Mumber of bits tested: 5979375569600

Mumber of error bits: 624

Bit error rate (BER):  1.0436E-10
RX CDR PLL status: PLL not locked
RX CDR data status:  PLL not locked

Stop

] [ Inject Error ] [

Reset

© 2012 Altera Corporation Public
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Improved Test Management

— Easily manage many parallel running BER tests
— Identify which channel resources are in use
— Quickly identify test run status (not started, running, running with problem)

Transmitter Channels | Receiver Channels [ Transceiver Links l

Transceiver link alias: |Ll::c:pbad&_Link_xcvr_address_Z |
Transmitter channel: |T>{_xcur_address_2 : fdesign_instancesfax_link_test_example_inst0link_test_sopc_sys.sopcnfo,/TX_xcvr_address_2 A |
Receiver channel: |R}{_xcvr_address_2 : fdesign_instancesfgx_link_test_example_inst0/link_test_sopc_sys.sopdnfo/RX_xcvr_address_2 A |

[ Create Transceiver Link ]

Transceiver Link Alias Transceiver Link Path Transmitter Channel (Alias : Path) Receiver Channel (Alias : Path)
{05 Loophack Link_xcvr_address 0 |...infa/loopback_Link_xcvr_address 0 (T} ...ys.sopcinfoRX_xcvr_address 0
Loophack Link_xcvwr_address 1 . afod oophack Link xowr_address 1 v eel_SVE.SODCFOMRY xovr_sddress 1
Logohack {ivk xowr address 2 it oophack Link xowr address 2 ...pc sys.soocnfo /T xovwr address 2...c sys.soponfo Y yowr address 2
.ol oophack Link_xow_address 3

Delete Transceiver Link [ Control Transceiver Link ][ Transceiver Auto Sweep ][ Transceiver EyeQ

© 2012 Altera Corporation Public MEA
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Launch Transceiver
Toolkit

Auto-Sweep BER Tests

m Click Transceiver Auto Sweep
— Choose the Minimum and Maximum values for each setting (e
VOD, pre-emphasis, DC gain, equalization, etc.)

Auto Sweep
— Case count = number of different permutations will be performed EyeQ

— Run length = conditions for stopping the auto-sweep (e.g. time limit
per permutation, error rate, etc.)

welcame to the Transceiver Toolkit | Transceiver Toolkit | Tramsmitksr: T# xcvr address 0 | Receiver: R¥ xcwr address O
Link: Loopback_Link_xcwr_address_o | Auto Sweep: Loopback_Link_xcvr_address_0 O 3
Test mode: () Smart auto sweep Run length: firne limit [10.0 | [seconds |
(& Full auto sweep [ Maximurn tested bits: r L | = ! ] bits
Test pattern: | PRES7 | [1 Errar rate limit:  Start checking after: | | | ] i
Transmitter settings
Pinimurm: Maimums Current: Best:
YOO control: o w1 | rpm o
Pre-emphasis 1st post-tap: o e | mps il
Fre-emphasis pre-tap: :D vl ,D w i Ty [x]
Pre-emphasis 2nd post-tap: o ~|[o | mja o
Receiver settings
Flimimum: Mazimum: Current: Best:
DC gain: la > |o ~ | rapa o
Entaio e ot o v| o LTS o
DFE 1st tap: [off s | [ore ~ | ra aff
[ [ 1
DFE 2nd tap: lo | o v | jn 0
DFE 3rd tap: o v| o | Mja o
Status
Current: Best:
Tested bits: A 1.3398E10
Errors: A CED
Bit error rate: A 0.0
Case count: 44 1
Progress: [HHMMNNNNNNNNNNNN NN RN W] stopped
Stop [ Reset ] [ Create Report ]
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Auto-Sweep BER Report

B Create reports by clicking Create Report in the middle of the test or
when the test completes

B Different columns show various transceiver settings
— All columns can be sorted

B The report is exportable in
a .csv format
— Right click on report, Select “Export...”

N Welcome to the Transceiver Toolkit L _ Transceiver Toolkit _ Transmitker: T xcvr address O
Receiver: R¥_xcvr_address_0 Lirk: Loopback_Link_xcvr_address_0 &uko Sweep: Loopback_Link_xcvr_address_0 Report: 2010-12-15 14:55:14 O X
‘eport: 2010-12-15 14:55:14

Data Pattern WOD Contral - Pre-emph...  Pre-emph...  Pre-emph... DC Gain Equalizati,., DFE1stTap DFEZndTap DFE3rdTap PhaseStep  Tested Bits | Error Bits BER
1 |PRBST 0 il 0 0 Il Il aff i I A aff 13398497728 [0 0.0
| 2 |PREBS? 1 0 0 0 0 0 off e fTe off 13419074304 10 0.0
| 2 |PROST 1 1 ] ] 1] ] off M M off 12200997440 [0 0.0
| 4 |PREBS? 1 2 0 0 0 0 off ATE: iTE off 13398426976 0 0.0

TERA
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Auto-Sweep DFE Tests (Stratix V)
v __ . *
1. Auto sweep with DFE off
v

2. With best BER results, lock down settings Y T
(VOD, pre-emphasis, DC gain, equalization)

3. Then sweep with DFE settings to find best
B E R Transmitter settings

Minirnunn: Mazxirnurm: Current: Besk:
YOO control; [1 vl [1 | nia 1
Pre-emphasis 1sk post-tap: |D w I |D L | TiA u}
Pre-emphasis pre-tap: |D A | |D L | A a}
Pre-emphasis Znd post-tap: iEI - I iEI A | MIA u}
Receiver settings

Minirmum: Mazximum: Current: Besk:

T 1T —mal
DC gain: |c| vi|c| v|N;.ﬁ. o
Equalization contral: |E| ~ i ID w | A 1]
DFE 1st bap: [u v | |1 v] MiA ]
DFE 2nd tap: |D vi IZ v! A i}
DFE 3rd tap: 0 v |0 “ | N o
Status

Current: Besk:

Tested bits: N 1.2402E10
Errors: MY QED
Eit erraor rate: MiA 0.0
Case count; -i6 1

TERA
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Auto-Sweep EyeQ Tests (Stratix V)
= Click Transceiver EyeQ

button on Transceiver Links Autos,weep
EyeQ
tab to launch the EyeQ y
. Apply Optimal
WI n d OW Settings

m Eye Contour automatically
generated when sweep

completes e —
m Click Create Report to .
generate EyeQ reports
~ If you sort by BER column, the
number of rows with :
BER = 0 will be considered as the =
unit width of the eye from the —
specified physical media P
attachment (PMA) settings et
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