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Hot Keys — Schematic

Edit Commands

Fbllowing table lists the hot keys for the Edit menu options.

Edit > Copy

Edit > Copy/Paste > Copy Using Reference

Edit > Cut

Edit > Delete

Edit > End Command

Edit > Mirror About X

Edit > Mirror About Y

Edit > Move > Move Component Text
Edit > Move > Move Edge -

Edit > Move > Move Using Reference
Edit > Move > Move Wire Endpoint
Edit > Paste -

Edit > Redo

Edit > Rotate

Edit > Undo

* Help > F1
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Ctri+C
C
Ctrl+X
Del
Esc
Shift+X
Shift+Y
F5

M
Ctrl+Shift+M
Ctrl+V
Ctri+Y
Ctrl+R
Ctrl+2

View Commands

Following table lists the hot keys for the View menu options.

View > Clear Highlighting

View > Command Quick Help

View > Grid Display

View > Origin Crosshair

View > Pan View

View > Pop Out Of Hierarchy

View > Push Into Hierarchy

View > Restore Last View

View > View All

View > Zoom > Zoom Area

View > Zoom > Zoom By Factor > Zoom In x2
View > Zoom > Zoom By Factor > Zoom QOut x2
View > Zoom > Zoom To Selected

HSD Workshop

F8
Shift+F1
Ctrl+G
Shift+O
Tab

B
Shift+E
Ctrl+L

F

Insert Commands

Following table lists the hot keys for the Insert menu options.

Insert > Change Entry Layer To

Insert > Component > Component Library...
Insert > Measure...

Insert > Shape > Polygon

Insert > Shape > Rectangle

Insert > Shape > Undo Vertex

Insert > Text

Insert > Wire

Ctrl+Shift+C
|

Ctrl+M
Shift+P

R
Backspace
Ctrl+T
Ctri+w .

Window and Miscellaneous Cor

Following table lists the hot keys for the Window and Miscellaneout

Window > Close

Window > Layout

Window > Open Another Schématic Wmdow
Help > Topics and Index '
Options > Snap Enabled

Select > Select All

Simulate > Simulate

Ctrl+F4
Ctrl+Shift+L
Ctrl+Shift+S
F1
Ctri+E
Ctrl+A

F7



Hot Keys — Data Display

‘File Command Edit Commands View Commands Miscellaneous Commands
“Following table lists the File m Following table lists the Edit menu cor Following table lists the View menu command Following table lists the various other menu commands Sut
File > New Ctri+N Edit > Copy Ctrl+C View > Grid Display Ctri+G Help > Topics and Index F1
File > Open... Ctrl+0 Edit > Cut Ctri+X View > Restore Last View Ctri+L Marker > New... Ctri+M
" File > Print... Ctri+P Edit > Delete Del View > View All F Options > Hide ADS Logo on all plots Alt+L
File > Save ~ Ctri+S Edit > End Command Esc View > Zoom > Zoom Area Options > Snap Enabled g Ctri+E
Edit > Paste Ctri+V View > Zoom > Zoom In x2 + Window > Close : Ctri+F4
Edit > Redo Cirl+Y View > Zoom > Zoom Out x2 - Window > New Ctrl+Shift+D
Edit > Select All Ctrl+A
Edit> Undo Ctrli+Z

* Help > F1
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Keysight PCle Gen5 Application solution

Jacky Yu 2020.MARCH
Keysight Taiwan Technologies
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Lab1 ADS Channel Simulator Overview
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Chahnel Simulator Methodology

_ _ Bit by bit mode : Superposition of bits
Impulse response is calculated using | |
a short, traditional transient simulation| |- A ;"\ |ﬂ|| fﬂl
02s] ,'l ’l I |
10- | Il | | A If |\ |{ s
Palette g X d 0154 - | |
N - N o J ll } I". | II'
Simulation-ChannelSim Ch ISi B I| \ {
channisim i Dptians ChannelSim — ] ! . ! 3 ) i
Sweep Ch ISim2 - tre, rsec e, e
— P{ﬂ;p Nuam“$t§ro;gts=1000 1
[~ [= ToleranceMode=Auto 00 L L A U UL
T i T EnforcePassivity=yes 04
Mode=Bit-by-bit
Hlﬁ: Diff itk 03— f . . . .
2 0o Statistical mode : Statistical techniques
3 d
014 o« ply) att
00 T | T T T | T
0 2 4 6 8 10 12 14 16
time, nsec
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Comparison of Simulation Techniques

Netlists &
IBIS traditional

flow

Computational
expensive: Modified
nodal analysis of
Kirchoff’'s current
laws

Method

IBIS AMI flow:
Bit-by-bit (“time-
domain”) mode

IBIS AMI flow:
Statistical mode

Statistical
calculations based
on impulse responsq

BER floor 1 minutejsitl

~10-8 or lower

NLTV analog &

channel
&

Restrictions NLTV Tx/RXx

*SystemVue and ADS can handle NLTV
mid-channel repeaters as specifiedin IBIS
6.0

NLTV Tx/Rx

KEYSIGHT
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IBIS-AMI Introduction

» |/O Buffer Information Specification (IBIS)

e Algorithmic Model Interface (AMI)

KEYSIGHT @ @ @ HSD Workshop @ @ @ @ @ 14
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Two Kinds of AMI Model

Two Kinds of Tx/Rx Plus a Model’s Init_Returns_Impulse flag is:
“Dual” or “Hybrid” model False (“Can’t be True (“LTI model via
modeled as LTI") impulse response”)

Model's False (“Model is i odel: na

GetWave_ pure LTI") allowed

Exists flag is
True (“NLTV Buyer beware: LTI
model via approximation of
waveform NLTV device if used
modification”) in stat mode

Table 1. Two kinds of AMI model, plus a “hybrid”
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Statistical Mode

Tx model’s Init_Returns_Impulse flag is

False (“Tx cannot be | True (“Tx can be
modeled nor approxi- | modeled as LTI

mated as LTI") using AMI_Init()")
Rx model’s | False (“Rx cannot BNO&EHTnlnEhEDE Not recommended.
Init_ be modeled nor ChanSim issues ChanSim issues
Returns_ approximated as  [RWELllL warning
Impulse LTI")
flag is True (“Bx can be  BNMRCEIuINEREELD
modeled as LTI ChanSim issues

using AMI_Init()") RYELLLE

Table 2a. Channel Simulator set to statistical mode
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Bit-By-Bit Mode

Tx model’'s GetWave_Exists flag is

False (“Tx does True (“Tx has
not have AMI_ AMI_GetWave())

GetWave()")

“Case b”
(Practically never
used)

Rx model’s | False (“Rx
GetWave_ | does not have
Exists flag is | AMI_GetWave()"”)

True (“Rx has
AMI_GetWave()")

Table 2b. Channel simulator set to bit-by-bit mode. (Note: In IBIS 5.0, there was a third
flag (“Use_Init_Output”) besides the present Init_Returns Impulse and GetWave_Exists
flags. However, this flag caused much confusion and so Use Init_QOutput is deprecated

ﬁ | inIBIS 5.1.) | .
e @ @ O - 0000
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AMI Simulation Flow

--------. Processing for Statistical Simulations -« e :

e - hre(t) o - haa(t)é
— ) aminit [T Amiinic [T EDA Platform

Obtain channel

. impulse reponse ET
had© T,T (or T,F ) F,F
o e > Clock
0 Tx o RXx e
—) GetWawe GetWawve AP .
Stimulus from e X (1)) I( > ' oersn; [ Rx Decision Point
EDA Tool AFIoG
e Tx GetWave_Exists = F Rx GetWave_Exists = F Waveform

https://www.keysight.com/sa/en/assets/7018-03143/application-notes/5990-9111.pdf?success=true
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https://www.keysight.com/sg/en/assets/7018-03143/application-notes/5990-9111.pdf?success=true

Statistical (TX Init, RX Init)

EEDA Platform

. Obtain channel
. impulse reponse

had(t)

T,T (or T,F) | EF
0 > Clock
O 1x Q@ rx
. GetWave GetWave A )
Stimulus from e X(8)] (0] Rx Decision Point
EDA Tool A Ao
b(® Tx GetWave_Exists = Rx GetWave_Exists = F -\ v Waveform
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Bit-by-bit (TX Init, RX GetWave)

.......

. Obtain channel
. impulse reponse

had(t)

T,T (or T,F)

\ h=(t)

[ 3 I

AMI_Init

 hra(t)

— EEDA Platform

7% §

F,F

Stimulus from
EDA Tool

b(t)

KEYSIGHT
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Q X
GetWave
gredx(t)]

Tx GetWave_Exists =

Clock

grec[x(t)]

+——— Rx Decision Point

Rx GetWave_Exists = F

HSD Workshop

Analog
Waveform



Lab2 PCle Gen5 Overview
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PCIl Express 5.0 Channel Topology

Longer

» Estimated allowable loss: ~=-36 dB @ 16 GHz Channel

* Root complex pkg loss allowance ~=-9 dB @ 16 GHz

» Add-in Card pkg loss allowance ~=-4 dB @ 16 GHz

* Total AIC loss budget estimate =~9 dB @ 16 GHz

* PCle 5.0 CEM Connector loss budget ~=1.5dB @ 16 GHz

Add In Card

Retimer

]
(BN AN EEEEEEEEEE NN Roo‘[Comp|e}(Chlp

R QQOOQO Q

Baseboard routing <10”
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CTLE (-5 to -15dB)

E )
1.0 -3 M12 10.78GHz 1.5935208
Q0 -
1.0-3 : :
< / H(s) = Wpy ¥ Wp3* Wpy (s + wzq)(s + wpy * Apc)
> 2 Wz1 (s + wp1)(s + wpz)(s + Wp3)(5s + Wps)
)0~
4.0;
5.0
40 -3 /
- / s * *
= * w=2 *3.14 * Frequency
] / * Fp1=1.65"* Fz1, Fp2 = 9.5 Ghz,
. - | * Fp3 = 28 Ghz, Fp4 = 28 Ghz
4.0-% )
F « Fz1 = 450 Mhz, Fz2 = mag(DC gain)* Fp2
] + ADC=-5dBto-15dB
2= * No broadband gain
1 -3
7 —: — -
“"_‘[ i 4 T T B e R Y | T T | s G S MM T 1  EER SEL TR | | | ¥y 8- -9 8 880
10’ 10* 10° 10% 10
freq (M2)
KEYSIGHT HSD Workshop @ @ @ @ @ 23
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CTLE (-15dB)

Gl Edit CTLE Parameters:1 *

(O) Preset (@) Custom

(5 — wz1)(s — wgz)

H(s) = Apre
P (s = @p1)(s — wpz) (s — wp3)
Added zeros in radfs Zero Added poles in rad/fs Pole
T E— T —
(22[int(CTLE)+1])*(2*pi) (-9.5)*(2*pi)*1e9
| Add | | (-28)@*pi)1e9 Add
(-28.0001)*(2*pi)*1e9
Remove Remove

Prefactor

Message

Zero 1: 0,45 GHz; Zero 2: -1.69 GHz.
Pole 1: -0.743 GHz; Pole 2: -9.5 GHz; Pole 3: -238 GHz; Pole 4: -28.0001 GHz.

(® LogScale () Linear Scale

Frequency Response

55 50 : :
E ] ! *u—-e"—-\
0 E A 7 I N
m -5 = o 07
= 10 E M 2 ]
@ _1e 3 e 3 -s0 ]
E 15 3 & ]
NC 5
— 3 (18] -
i 3 I ]
2 30 4 0 150 A
E i "'!-.._.-
-35 3 = ]
-4p 2 -200 -
———r——————r—————— 7 ————
0.1 1 10 100 0.1 1 10 100
Frequency GHz Frequency GHz
0K Apply Cancel Help

KEYSIGHT
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DFE (Decision Feed-back Equalizer)

A A

summer

________________________________________________________________________

KEYSIGHT
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>

a2 d3

3 Taps DFEEPR 1 Impulse

Response & — {Ebitst Bl 1x
RN E (B EREERO)

Ko 4L € HH AR 2 48 (B R 55 -
E1Em AFHSR (AL 2B AR) N2

B2 M LR (E B HAR)

HSD Workshop
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DFE

Cdl= ™
+ d1=() <08
. |d2,d3| < 20mV

Note:
h1: tap magnitude
hO: cursor strength
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Channel Tolerance

 Estimated allowable loss: ~=-36 dB @ 16 GHz

* Root complex pkg loss allowance ~=-9 dB @ 16 GHz

» Add-in Card pkg loss allowance ~=-4 dB @ 16 GHz

* Total AIC loss budget estimate = ~9 dB @ 16 GHz

* PCle 5.0 CEM Connector loss budget ~=1.5dB @ 16 GHz

QO O0OOO0 QO L

KEYSIGHT @ @ @
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Root Complex Chip

HSD Workshop

i

| Longer

| Channel

Short : Add In Card

Channel |

i

|

1

1

1

1

1 Retimer

1

1

1

1

|

]

1



Jittekr

TTX-CH-URJ-32G

TTX-CH-UPW-RJ-32G

Tx uncorrelated Rj

Uncorrelated PW Rj

0.276

0.27

ps RMS

ps RMS

TTX-CH-UPW-DJ-326G

KEYSIGHT
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PW DDj

2.5

ps PP

Label Jitter Parameter 2.5GT/s [5.0 GT/s|8.0 GT/s|16.0 GT/s|32.0 GT/s Units
jit_hfrj_nui  |Tx Rj (HF+LF) edge 0.000] 1.422| 1.105 0.394 0.222 ps
T-TXUDJDD |Tx Dj (HF+LF) edge 100.000| 30.000| 12.000 6.250 3.125 ps
TTX-CH-URJ _ |Tx Rj (LF) + Clk Rj edge 3.450( 3.450( 1.314 0.710 0.276 s

TTX-CH-UDJDD |Tx Dj (LF) edge 20.000| 20.000| 7.000 3.750 1.875 pe
TTX-CH-UPW-RJ |Tx Rj (HF) PW 1.420| 1.420| 0.995| 0.533 0.267 ps
TTX-CH-UPW-DJ [Tx Dj (HF) PW 80.000| 40.000( 10.000 5.000 2.500 &5
1/2
Total Jitter |T-TX UTJ +CIk Rj | | 93.614| 41619 21648 9.767 )
1/sqrt(2)

Label Jitter Parameter 2.5GT/s [5.0 GT/s|8.0 GT/s|16.0 GT/s|32.0 GT/s; i

Tx_Rj Tx Rj (HF) edge 0.704 0.377 0.188 j ps

Tx_Dj Tx Dj (HF) edge 5.000 2.500 1.250 1_sz

Tx_DCD
Rx_Rj Tx Rj (LF) + Clk Rj edge 1.314 0.710 0.276 |« £S5
Rx_Dj Tx Dj (LF) edge 7.000 3.750 1.875 |« P
Rx_DCD
Rx_Noise
Tx Total Jitter |Tx Dj + Tx Rj 14.90 7.80 3.90 ps
Rx Total Jitter (Rx Dj +Rx Rj 25.49 13.73 5.76 ps
Total Jitter |[Tx+Rx 40.39 21.54 9.66 ps
T TX UT)+
T_REFCLK_RMS |Total Jitter check (over-est) 41.62 21.65 9.77 ps

» Deterministic edge jitter = (1/2) Deterministic pulse width jitter

e Random edge jitter = (1/sqrt(2)) Random pulse width jitter

HSD Workshop




TotaAI RJ Verification

Label Jitter Parameter 2.5GT/s |5.0 GT/s|8.0 GT/s|16.0 GT/s|32.0 GT/s Units
Rj check 1 Tx Rj + Rx Rj 1.491 0.804 0.334 ps
Rj check 2 Tx Rj (HF+LF) + CIk Rj 1.491 0.804 0.324 ps
Rj check 3 Tx Rj (HF) + Tx Rj (LF) + CIk Rj 1.491 0.804 0.334 ps
Label Jitter Parameter Formula
Rj check 1 TX Rj + RX Rj '=SQRT(Tx_Rj*2+Rx_Rj"2)
Rj check 2 Tx Rj (HF+LF) + Clk Rj '=SQRT(jit_hfrj_nui*2+4T_REFCLK_RMS"2)
Rj check 3 Tx Rj (HF) + Tx Rj (LF) + CIk Rj ['=SQRT(((TTX_CH_UPW_RJ/SQRT(2))*2)+TTX_CH_URJ*2)
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EYE

» Eye Height < 15mVPP

S\PCIES_wrk'\datal v (0

' . |:| Mame
 Eye Width at zero crossing < 0.3U] B PCle_Gensudsx

" [ | PCIES.msk
!@ snp_port_names_w_pin_numbers.csv

@ spectra.raw

=] PCIES msk E3

1 h /* This is the first polygon index */
4 /* This is the number of vertices */
S U, v/

0.35,0

0.5,0.0075

0.e5,0

0.5,-0.0075

I I o T Y S N
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Lab3 PCle Gen5 Testbench
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ADS TX/RX Model

— a X

C W Advanced Design System 202.. — O x :'-u'ﬂ- Testbench_g5 [PCIE3_lib: Testbench_gS:schematic] (Schematic):2
File  View Optic ools 3| File Edit Select View Insert Options Tools Layout Simulate Window D],rnamicLink DesignGuide Cueue Manager  Help
w W II{>I AN EH& R X9 PP O R s S BRI @Y R W
@u& Qe G L o @) D D = e e = & 2 o i
File Vi Folder View  Library Vi n u u Uu T = = = . . .
v AHIREN SECHEOFH 2 B2 0
~ W CA\Demo\ADS\Application',_Workshops\FY2002_
= + —
v | €] Testbench_g5 a a
schemnatic Parts g X §
ﬁ] Testbench_g5.dds _
v [/ Testbench_g5_AMI @ iy
n_Mq schematic |5E-.=.|'u:h all librari... | f
Testbench_g5_AMl.dds
= Chameism
v €| Testbench_g5_retimer imulation-Ch i _
<chematic Simulation-Channelsim ;;:;2;1
i P - L B oD $EiEs= 11000 [T ]
¥ Testbench_g5_retimer.dds & Toizranze sde-Au T,,>
Channllim | | Options mﬁ;?ﬂ
Ta_DHT _r Re_DHT
Sﬁgﬁp % |M BATCH SIMULATION | e EnP Pt
Frin Swp BaichEimContoller =
BatchEimi | -36dB @186GH=
|>_‘ |>: Var="CTLE Sars=d Stap=10 Sep=5 Lin= E‘ﬂ;;z
| VHH'HMS'H:WWSH-E L= = Tx EQ .
Tx Diff Te m;?:_"'ﬁ P CTLE=0 ] Frewet
e aapld cdiubteno pre=i0,0,0.0,0,0.1,-0125.0.1,-0125,0.157;
|>" |ﬁ SwespMogule=™ - man={0.750.332 08 /0.875,1,09,0875,0.7.0.7 508335
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ADS TX/RX Model (TX PRBS)
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ADS TX/RX Model (TX Preset)
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ADS TX/RX Model (TX Source Impedance)
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ADS TX/RX Model (TX Jitter)
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ADS TX/RX Model (RX CTLE)
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ADS TX/RX Model (RX CTLE)
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ADS TX/RX Model (RX 3-tap DFE)
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ADS TX/RX Model (RX Load Impedance)
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ADS TX/RX Model (RX Jitter)
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Batch CTLE and Preset
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Results (38s, 9 scenarios)
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Best Setup, In terms of EYE_Height and EYE_Width
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Gen5 AMI Model and Testbench
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GenS AMI Model (TX Preset)
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Gen5 AMI Model (RX CTLE)
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 SetAllData=yes

. USePkg -y&‘.

Ru_AMI1

DataTypeSelector= Typ

G RxAMLS

Rx_AMI Instance Mame

|Rx_AMIl

IBIS File |\g5_AMI\eesoncie 5_rx.ibs Select IBIS File...
Component eesof_pcie5_rx hd

Setalldata | Typ - Channel Index
Use package Less

Package Fin Model IV Data Driver Schedule SubModel Alias

AML Display

AMI file |C:\Demo\ADS\Application|_Workshaps\FY20Q2_PCIESIPCIES, |

AMI Parameters

Parameter list

Mas_Init_Aggressors
Ignore_Bits
Rx_Rj
Rx_Dj
Rx_DCD

v Model_Specific
rx_ctle_dcgain
n_dfe_alpha
n_dfe_tapfile
rx_dfe_tap1_limit

TS B

ri_ctle_dcgain

View

ctle_ami

|| User specified

Parameter information

[ use 'set all data' setting

<

(Format List -5 -6 -7 -8 -9 -10 -11 -12 -13 -14 -15)

(Default -5) (Des

>

|:| Save Out/InOut parameters

Additional Jitter

Ra_Sj
Rx_Moise

Number of time peints per UL

Same as channelsim controller

Number of time points per UL

Asynchr

onous dock

Cockoffset(pm) [ |

Help

HSD Workshop




ResUIts‘ (80s, 9 scenarios)

ChannelSim Result Batched ChannelSim Result
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Lab4 Repeater (Retimer/ Redriver) Usage

EEEEEEEEEEEE



What IS Repeater
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1
T i S— |
Tx
1
—
Tx_Diff MCLIN R _Diff
Tx_Diff CLin2 R _Diff1
BitRate=25 Gbps

=
KK

T
50 100 150 200 250

L T T T T
0 =0 20 40 80 B0 100 120 140 180 0

m1
freq=6.000GHz

freq=12.50GHz

m3
freq=25.00GHz

dB(S(2,1))=-66.236

dB(S(2,1))=-15.426 dB(S(2,1))=-34.213
0
1 m1 Insertion loss
20—
- . m2
% 40
.
-60— m3
_80 T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
0 5 10 15 20 25
freq, GHz

HSD Workshop
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As data rate rises, channel loss
increases, eye open decreases.



What is Repeater

upstream downstream .
BZ channel Repea@ channel >

» Equalizes incoming signal to compensates loss in upstream channel

. Repeater is placed in the middle of a channel

« Retransmit signal into downstream channel and apply pre-emphasis
» Repeater is both Rx and Tx

» Two types of Repeater: Redriver and Retimer

TECHNOLOGIES




What is Repeater

Redriver
Redriver
~ | upstream input : - downst -
equalizer pre output> ownstream
—| channel anlg d emphasis anlg channel
- Redriver output circuit is driven continuously by input signal
- No retiming is performed
Retimer
Retimer
upstream input . . plis= output> downstream
__ | channel ar?lg equalizer -ty emphasis | anlg channel
CDR clk

- Retimer output buffer is driven by switching events of flip-flop. Digital data is recovered.
- Clock-data recovery (CDR) retimes the output signal. Jitter in clock is passed down to

downstream channel.
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Lab5 PCle Gen5 Testbench with Retimer
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What if Longer Trace?

:,",';]- Testbench_g5_retimer [PCIE3_lib:Testbench_g5_retimer:schematic] * (Schematic):2

File Edit Select View Insert Options DesignGuide Queue

NERH& b X9 &
[0 (00 R 05 g =5 TE F s B e H
+ -
© i
EETEa—

Tools Layout Simulate Window Dynamiclink

& =®

s

Ry ?)

Simulation-ChannelSim ~
2 2
Channliim
ChanrelSim
D“ Channelsim1’
MumberOfBits=1000
Ta || O Te Toleranc e ode=A Lto
Dq DE EnfereePassivity=na,
Wk | DiFF ek Mode=Statistical
A | ﬁﬂ BATCH SIMULATION I
Dg El}‘ Eqichqlchmrcller s
Te Cphy || Rt Cphy Batchsimi - |
Var="CTLE" Start=0 Stop=10 Step=6-Lin= - VAR -
[= || I Var="Preset" Star=0 Stop=9 Step=5 Lin= s
Tadhl || Re AMI UseSweepPlan=yes. . . . Presef?
Analysis[1}="Channelsim1” _ CTLE=0'
Dz :D UseSweepModule=no
e L
:I>: SweepAgument= 2o | VR
Rebriner | Refimer UseSeparateProcess=yes . . VARG
HHl A datarate=32e0
MergeDatasels=yes . Y
Seagy || EHn T ERIETEESES o catarate
Trm | Dielerm P
ES ] _ | Jitter,
5 qﬁ\ﬁ TXRJ= 0133&12
FrosE || FRose . .
] * RKRJ=0.276e-12 -
e | TRE RXDJ=1.876e-12
G

Try to maximize the EY

PP O\ L LMN

Manager Help

LTV

Eye_Probe
afterRX

TeDiT — T RDIT
BiRato-datarte e s B
- T _SnP2. SnP1
_3&13 @1GGHZ - -36dB- @WGGHZ
|)< EQ @\AR
. Preset
~ pre={0,0,0,0,0-0.1,-0125-01,-0.125 0167}
miain={0.75.0.933,0.8,0.875,1,09,0.875,0.7,0.75,0 433}
post-{-ﬂ?j -0.167,0.2,-0.125,0,0,0,- nz 01250)
"RX EQ @WR

12—{53439-47660942469 -3.78e8,-3 378 -3.00e9 -2 68e9 -2 39e8,-2. 13e9,-1.9e9,- 159e9}

based on previous lab
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What if Longer Trace?

Before RX EQ After RXEQ

i
i i
s
Yoo 3
[ 3 [
1 e +
I - B g
[ 1 o ] ]
| T 1 £ <G
a1z 3 e = w o e a5
=} =u
5 L =
5, ] o
o ]
F, -0os 7
= ] A
m4 . il lﬁ'
i ] a4 &
I T T T T T T T T 1 x T T T T T T T =
a1z 3 4 5 & ER 3 a o E @ @ E @ E ] E
Freset & fime, psec &
n ®
& e
H i
7 o
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i‘ Qs o
E oooe| ¥
2 oo 8
! ]
-~ w5y
B oo Bu
=5 4 =7
& 5}
o oo o
E am] g
5 a0 ©
£ B 2
5 -ooes| ;
g i &
u T i L Ly I s o e e
5 EEN @ = omo o omomom o om o o® om & 4
E E:I fime, psec
] "
m1
ICTLE=6 000
permute (afteR X Height ABER }=0.014|
index=0.000, Preset=0.000
m1
& oo
aQ
2 ams|
)
+ -oom
=
©
G -ooos]
=
B
& oo
E
2 -anis{
L N B B o e e e e
a1 oz 3 4 = s ERE I

KEYSIGHT HSD Workshop

TECHNOLOGIES

mmute{afterRX. WidthAtBE R)

1

m 2
|GTLE =6 0,00

permute(@fterR X WidthAtBE R )=1.734E -11
ndex=0.000, P reset=0.000

zoz

m2




Add Retimer in the Middle

I8 ~dvanced Design System 202..  — m| | &5 Testbench_g5_retimer [PCIE3 lib:Testhench_g5_retimer:schematic] * (Schematic):4 - |
fle View Options Tools Window  Designkits »| File  Edit Select View Inset Options Tools Layout Simulate Window Dynamiclink DesignGuide Queue Manager Help
w lE WMBDWR A NERH& bX9 € O-TM\N2R T 2HK 2 @Y AW
e 1 = L 1 = L2y
@ W L LE/ | b ] ickbi = s Ea "el @ O — VAR NaME S Igl ==a il @ ienb
| = - L ] T =0 e
File Vi Folder View  Library Vi n n MU O - =
ile View ibrary View = Ml 4= ‘?'I' ‘ib F=tg = 1°F il (Y H _cg E;ﬁ ok % u
v W C\Dema\ADS\Application\_Workshops\FY2002_
v [&] Testbench_g5 Ifl a
schemnatic Parts B X
Eﬂ Testbench_g5.dds N EfeDiT_Prbe 2‘.,;'.'1-;‘3:
= A redimer_in
~ [€] Testbench_g5 AMI @ iy . )
- schematic Search all libraries | f g
i Testbench_g5_AMI.dds a
v [g] i - .
- Testbench_gs_retlmer Simulation-ChannelSim Syenn_Fme & = ]| Efe_Prne -
schematic " L e q = = | Epmerowout ;;_m;:ne
- e I I_n im g
F“-—{ Testbench_g5_retimer.dds @ -
Channl§im || Options Cnhannalsim
amasm —
NI RS 51 000
e L2151 ToleanceMode Ak >
o -
P Swp ?&p.?r:?w
o o FeTImar_AM om
|>_‘ |>: IM LR U AL I Pk A o s o e
T Diff T = = Sl CompaneriName="AM_Retimer -
e T 36dB @16GHz = PhNamen=ar - -26dB @16GHz
Simi -
|>—< Mar="CTLE" Stari~d Stop=10 Step=5 Lin= A v:.;:z gmﬁ:u_m_[f?
Bk | DifE ik '&";Eﬁ A Presst=s DRty peSe E SN
Anzkske]]='Chameisin 1 CnE- %’T&’fm-
~|>~ :|>~ S MnoEINaMEOUT="AMI T}_10"
1 Wesn D= (B var: SelpIDaE0UT=yes
R Dt R Sweep Argument= VARE CaiaTypasa BoarOUT=Typ
L2 Sepa mleProsess=yes dataraie-32ed UsePRgOUTyes
DE HE‘ Mere Cataseis=yes Ui=1dataate UseFepeate h=na
FemoveDatasets=yes WoRage Swing=0.5 —
Tu Cphy || Ra Cphy {@;\allﬁne-ﬂ:s‘u XEQ P‘;—sel
ey pre=f,0.0,00-01 125 0.1,0.1250 167}
I;z: :|>_‘ Em;gf main={0 75,0 833,08 0875,1.09 08750 7.0 750 833}
S | s, post=[0.25 0167020125 00,0-02-01250}
RNDU=1 575212
Dﬂ :|> RX EQ & it}
Sk || sk Z2-5.3460-4 76200 4 2429,-3.7880.-3.3760, 3,000 2 5389,-2.3980,2.1364, 1 9o, -1 694}
| g i
Ul >
| A= |l 4= v <
C:\Demo\ADS\Applicatiqn\_Works_m)I _ .+ Select: Click and drag to select. 0 iterns ads_device:drawing -3.730, 6.750 -1.125, 1.375
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Retimer Model
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WPCIES wrkddatatretimen

[] Mame

[ AMI_Retimer.ibs

| AMI_Rsx_DFE.ami
[ AMI_Rx_DFE.ibs
AMI_Rx_DFE_x64.dlI
[ AMI_Tx_10.ami

[ AMI_Tx_10.ibs
AMI_Tx_10_x64.dlII
o _ami_ri_xbd.dll
sv_be_10_ghz_x64.dIl

29
30
31
32
33
34
35
36
37
38
39

40

[1=9
=

Lo T IRCS B O Y =

L]

(o TN o T T O Y T O

[

[Model] AMI Rx DFE
Model type Input

C comp Op Op Op
Vinh = 0.25
Vvinl = -0.25

[Temperature Range] 25 125 0
[Voltage Range] 1.0 1.0 1.0

[Algorithmic Model]

Executable Windows c119.00.24215.1 €4 AMI Rx DFE x64.dl1l AMI Rx DFE.ami

[Model] AMI Tx 10
Model type Output

C comp Op Op Op

Cref = 0
Vref = 0.5
Eref = 50

Vmeas = 0.5

[Temperature Range] 25 125 0
[Voltage Range] 1.0 1.0 1.0

[Algorithmic Model]

Executable Windows ¢11%.00.24215.1 &4 AMI Tx 10 =x64.dll AMI Tx 10.ami

HSD Workshop
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ChannelSim Result
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Batched ChannelSim Result

m3
[CTLE=0.000
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Hand-made Retimer Model
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[Bohus] How to create Repeater.ibs File

1.

Save Rx .Ibs model as Repeater .ibs model

2. Change File name and Component name in .ibs file of repeater model
3. Copy Pin and Diff Pin definition from Tx .ibs model to Repeater .ibs model

[IBIS Ver] 5.1
[File Name] BMI Tx 10.ibs

[IBIS Ver] 5.1

|[File Name] AMI Retimer.ibs |
LF1le Eewv] 1.U

[Component] LMI Retime

AlUlAaCLULEer YV Company

[Package]

R pkg 0.0 NA NA

L pkg 0.0 NA NA

C pkg 0.0 NE NA

[Pin] signal name model name R pin L pin C pin
2p BAMI Rx DFE 2p BMI Rx DFE

2n AMI Rx DFE 2n AMI Ex DFE

1p AMI Tx 10 p AMI Tx 10

In AMI Tx 10 n AMI Tx 10

[File Rev] 1.0

[Component] AMI Tx 10

[Manufacturer] My Company

[Package]

R pkg 0.0 NA NA

L pkg 0.0 NR N

C pkg 0.0 NA NA

[Pin] signal name model name R pin L pin C pin

1p BMI Tz 10 p BMI Tx 10 .

in BMI Tx 10 n BMI Tx 10 .........IIIIIIIIIIllllllll... >

— — — — — LN N |

[Diff Pin] inv pin vdiff tdelav typ tdelay min tdelay max
[1p 1n NA NA NA NA&

...Il....l.....’

.ibs model of Tx

TECHNOLOGIES

[Diff Pin] inv pin vdiff
Dy Iy NI

tdelay typ tdelay min tdelay max
MRS L7 L7

1p In NE

NA NA NA

.ibs model of Redriver |



[Bonus] How to create Repeater.ibs File

4. Copy the remaining Tx part to Redriver .ibs file after definition of Rx model and

before the [END] command.

[Model] AMI Tx 10
Model type Cutput

C comp Op Op Op

Cref = 0
Vref = 0.3
Rref = 50
Vmeas = 0.5

[Temperature Range] 25 125 0
[Voltage Range] 1.0 1.0 1.0

[Algorithmic Model]
Executable Windows_c119.00.24215.1_64 BMI Tx_10_x64.dl1

[End Algorithmic Model]

[Pulldown]

-6.6 -0.132 -0.132
0.0 0.0 0.0
6.6 0.132 0.132

[Pullup]

-6.6 0.132 0.132
0.0 0.0 0.0
6.6 -0.132 -0.132

[GND Clampl]

-6.6 0.0 0.0
0.0 0.0 0.0
6.6 0.0 0.0

-6.6 0.0 0.0
0.0 0.0 0.0
6.6 0.0 0.0
[Ramp]

dv/dt_r 0.3/1.5p 0.3/1.5p 0.3/1.5p
dv/dt f 0.3/1.5p 0.3/1.5p 0.3/1.5p

TENDTT

KEYSIGHT
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BMT_Tx_10.ami

-0.132

0.132

0.132

—0 132

=]

=]

-6.6 0.132e-9
0.0 0.0
6.6 -0.132e-9

[Model] AMI Tx 10
Model type Output

C_comp Op Op Op

Cref = 0
Vref = 0.5
Rref = 50

Vmeas = 0.5

[Temperature_Range] 25 125 0
[voltage Range] 1.0 1.0 1.0

[Blgorithmic Model]
Executable Windows_c119.00.24215.1_64

[End Algorithmic Model]

IIll.IIIIIIIII.IIIIII.III.I»00 0-0

[Pulldown]

-6.6 -0.132
0.0 0.0
6.6 0.132

[Pullup]

-6.6 0.132
6.6 -0.132

[GND Clamp]

-6.6 0.0
0.0 0.0
6.6 0.0

[Power Clamp]

6.6 0.0
0.0 0.0
6.6 0.0
[Ramp]

dv/dt_r 0.3/1.5p 0.3/1.5p 0.3/1.5p
dv/dt £ 0.3/1.5p 0.3/1.5p 0.3/1.5p

=]

o

BMI_Tx_10_x64.d11 AMI_Tx_10.ami

-0.132 -0.132
0.0 0.0
0.132 0.132
0.132 0.132
0.0 0.0
-0.132 -0.132
a 0.0

0 0.0

0 0.0

0 0.0

0 0.0

a 0.0

[END]

odel of Redriv



Summary

* ADS provides a platform to validate your PCle Gen5 design, and it can be done by
* Implementing JEDEC PCle Gen5 specification by ADS generic TX/RX model.
» Simply using Gen5 AMI models provided by Keysight.

* Repeater will be widely used in PCle Gen5 and beyond to make impossible possible.

« Batch Simulator can help gain insight among your system configurations.
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Reference

* https://community.keysight.com/thread/27162

* https://'www.keysight.com/upload/cmc upload/All/PCI-Express5-Specification-and-latest-information-of-Gen4-
testing.pdf?fbclid=IwAR30tS4q7yPt7mnj2SuXg7mBc4OmK1AMhIM1py19pAQyIGIXFWCg9 jN-FU

o https://www.keysight.com/sg/en/assets/7018-03143/application-notes/5990-9111.pdf?success=true
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