User’s Guide

Ethernet PHY IBIS Models and Simulation User's Guide

i3 TeXAS INSTRUMENTS

ABSTRACT
This Users Guide demonstrates how to utilize TI's Ethernet PHY IBIS models to perform system level
simulations of MAC interface timing. This guide will use the DP83TG720 IBIS model as an example, but the
information applies to all other Tl Ethernet PHY IBIS models.
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1 Getting Started

IBIS models can be downloaded from their respective product page on ti.com, under the "Design tools &
simulation" section. The following instructions will be utilizing the DP83TG720 IBIS model, found here.

Transient simulations can be performed in either HyperLynx or Keysight ADS, both of which will be
demonstrated in the following sections.
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2 HyperLynx

2.1 Transient Simulations of RGMII

This section will demonstrate how to create simulations of RGMII signaling to verify timing specifications of any
MAC interface.

2.1.1 Setup

1. Open HyperLynx and create a new Sl or SI/P| schematic.
2. Place two IC components from the toolbar.

Hyperlynx - LineSirn v3.4 - [DP23TGT720_BIS_Hyperlynx ffs < Ch\Users\aldd1 8848\ Downloadsh> - F
Y= File Setup Edit View Models Simulate5| Simulate Pl Export Window Develog

B A b s BME & 9 Q Q @B & &I
Dﬁ$%$4+¢m39$%$@¢

U1 U2
not-assigned not-assigned
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3. Double click each component. Click "Library Path..." then "Add" to specify the location of the dp83tg720r.ibs

file. Click "OK".

7 Reference designator:

Select model
Libraries:

JAAC l.ibs
9170-1682_fbd.ibs
9170-1682_sp_fbd.ibs
82375sh.ibs
Actel_mod.ibs
Analog_d_mod.ibs
c2525m.ibs
ct2524m.ibs
cy7b991v.ibs
cy7c68013.bs
cy7c680016.bs
cy1334x.ibs
cypress_mod.ibs
Dallas_mod.ibs
demo1.ibs
Generic_mod.ibs
generic_serdes.ibs

hyp9500.ibs
idt_mod.ibs
Iv031atm.ibs
Iv032atm.ibs
mcdvselz.\bs .

‘ Library Path... ’
Arrange Pins

Visible Signal

1 =S
2 4 |81
3 =S
4 M [a2
5 =EE
[ vz
7 /] [GnD
[ ]  [v3
9 =
10 ] |B2
11 =R
12 ] [a4
13 ] |B4
14 ] [wcc

Ok
. Cancel
Devices:
-~ 74AC0O0_DIP
74AC02_DIP Help
T4AC04_DIP
74AC161_DIP
T4AC174_DIP
T4AC193_S50P
B " Select Directories for IC-Model Files X
Directory list [top directory has highest precedence)
[ <design folder> C:\Usershald31 8844 Downloads Add
[ C:\MentorGraphics'3.4HLYSDD_HOME ShyperlynxE4iLibss =
C:4sershal491 884\ Downloadssnim24 34bis_madelt Add with
Subfolders
Delete
Up
Diown Side
Right
Right Configure...
Import Right
Right
Export Right
Right
Right
Right
Right
Add design folder [[] Update subfalders each time design iz opened Default Right
[ &dd desian falder subfolders [ Search a masimum of | 3 sublolders Right
Right
ak. Cancel Help Right
. Right

Auto-Place Ports:

b Hint

I Use the Manage Assigned Models dialog box (Models > Manage Assigned Models) to assign I/O buffer direction, Model Selectors, Stimuli and more.
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4. Select the dp83tg720r.ibs file and click Ok. Do the same for the other IC component. Right click on U2 and

rotate twice.

Hyperlynx - LineSim v3.4 - [DP83TG720_IBIS_Hyperlynx ffs < ChUsers\ 20451888 Downloads'> - Free-Form Schematic Editor]

= File Setup Edit View Models Simulate 5| Simulate Pl Export Window Developer Help
B A e BRE & 9 @ Q [ & | & |4 wn e 2 OB T
+ - _ +r
> [ F D 8 % F + = ~ 3 o F 2 £ @& & F T I Y = T & & ¢
U1 uz2
"4 d
MDC ¢
INT_N ¢ »l
RESET_N < §
X0 x
Hix E
LED 1 ¢
VSLEEP ¢
WAKE < 5
VDDIPD 7 [y
INH - -5,
VDDA3IPI 9
TRD P x :25
TRD M = =&y
STRP_1 <=4,
RX_CTRL ¢ =&y
CLEOUT & o
DNC x =g
DNC < [54
DNC »
DNC x =
WVDDAPD 5 =y
VODIO ¥
RX_D3 p-
RX_D2 [~
RX_D1 < «TRD_P
RX_D0 < ¥ VDDAIPI
RX_CLK ¢ <]INH
TX CLK ¢ 4 WDD1PO
TX_CTRL ¢ 4 WAKE
TX_D3 ¢ Y4 WSLEEP
TX D2 & -4y <JLED_1
X _D1 ¢ # X
TX_D0 < A 0]
VODIO ¥ 4 RESET_N
LED_D < 4> INT_N
MDD < {+MDC

dp83tgri20s.ibs
DPE3TGT20

dp83tgr20s.ibs
DPE3TGT20
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5. In this example, the RGMII connections will be made using an ideal transmission line as the channel. A

following section will show how to upload custom S parameter files to simulation actual PCB designs. For
now, place a transmission line component from the toolbar and use it to connect RX_CLK and TX_CLK as
shown below.

Hyperlynx - LineSim v9.4 - [Untitled.ffs <C:\Users\al491884\Downloads\> - Free-Form Schematic Editor]

i= File Setup

B 5 b
Pk

Edit View Models

BRE & 9%

S0 SR

Simulate S|

i =+

s

Simulate PI  Export Window Developer

B a a (@ & & M
$ o ¥ £ £ ® L £ E I ¥ o

Help

T & & %

S

U1

MDC ¢
INT_N ¢
RESET N<¢
XO %

Kl
LED_1 |-
VSLEEP %
WAKE ¢
VDD1PO ¢

INH -
VDDA3P3 1
TRD_Px
TRD M
STRP 14
RX_CTRL ¢
CLKOUT ¢
DNC x
DNC ¢
DNC x

<
mo
Sis!
<O

AT A RRLARATT VS

MDIO

S T L S et

dp83tg720r.ibs
DP83TGT720

83.3 ohms
447622 ps
3.000 in
Stackup
Net010

i xTRD_P

+ VDDA3P3
4INH

l, s VDD1PO
HWAKE

& VSLEEP
L 4LED 1

i, % X

XXO
BRESET_N
I LINT N

HMDC

dp83tg720r.ibs
DP83TG720
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6. Double click TL1 and change the type to Simple. Set the transmission line parameters as desired. Click
IIOK.II

Edit Transmission Line *

Transmizsion-Line Type

Transmizsion-line type Transmission-line properties
Uncoupled [gingle ing] Coupled Mame: TL1
® Simple
() Stackup (O Stackup 20 50.000| chrms
O Micrastrip Delay: 0900 ns
() Buried Microstip B m ahins
() Stripline
() wire Dver Ground Comment: | Simple
1 OCabke L= 450rH
() Connector C=180pF
Coupling direction Hint
Dot Right A iz the DC resistance of the transmission line.
Dok Left

Hints Transmizzion line to paste

| your lines are mastly on the same PCE, then

C
"stackup" iz the best type to use. Rk
Foar infarmation on coupled lines or
coupling dots, see Hints. Hints... ez
Cancel Help
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7. Copy and Paste TL1 five more times and make the following connections.
Hyperlynx - LineSim v3.4 - [Untitled.ffs < C\Users\a0491824\ Downloads'> - Free-Form Schematic Editor]
K5 File Setup Edit View Models Simulate 5| Simulate Pl Export Window Developer Help
Erm Be BP & o ¢ B aa@e #h wied il MM DarE B
DM AN 4 F o 3 oo 22 &L FTIIY = T S O
TL6
50.0 ohms
900.000 ps
u1 Simple u2
NetD22
MDC4 -, TLS 3£WD'O
INT_N ¢ 5, ;o <LED 0
RESET_N¢ [Hr 3 J4m ¢ VDOIO
RO x * AghdTX DO
X x Ao TX D1
LED 1}~ [, 50.0 ohms A TXD2
VSLEEP® 900.000 ps w8 »TX D3
WAKE ¢ Simple AP TX CTRL
VDD1PO 7 | Net014 S+ PTXCLK
INH [~ v TL4 = b RK - CLK
VDDA3P3 7 [/ Sey<IRX DO
TRD P[5, e <IRX D1
TRD M =5 Sfm PRA D2
STRP_1¢ iy SiPRXCD3
RX_CTRL¢ |- 50.0 ohms 4 VDDIO
CLKOUT ¢ [ SO0N00Ips 7 @ VDD1PO
DNC > 50 Simple 26T <DNC
DNC < |-, Net013 8 < DNC
DNC [y TL3 BT HDNC
DNCx [-aer 441 %DNC
VDD1PO 9 7 e $CLKOUT
VDDIO 7 [, L PRX_CTRL
RX D3¢ P STRP 1
RX_D2 ¢ 50.0 ohms 13 xTRD_M
RXCD1 - [ 900.000 ps JFT<TRD_P
RX_DO|- e SLls J¢gts VDDA3P3
RX_CLK |- 6= Neto12 Er<INH
TX CLK ¢ My TL2 b3 VDD1PO
TX_CTRL¢ [ HWAKE
TX D3¢ [, 4 VSLEEP
TX D24 [, b 4LED_1
TX D14y b X
TX DO ¢ |5, 50.0 ohms =XO0
VDDIO 9 [, 900.000 ps HRESET_M
LED O [y Simple J BINT_N
MOTO< |5, Net011 TMDC
: TL1 :
dp83tg720r.ibs dp83tg720r.ibs
DP83TG720 E j ) DP83TG720
50.0 ohms
900.000 ps
Simple
Net010
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8. Rightclick U1 and select "Manage Model selectors, Buffer directions and Stimuli..." Specify the Model
selector, 1/O buffer direction, and Pin stimulus.

Each pin in the IBIS file has several different selectable models, based on the operating levels of the power
supplies and adjustable termination values. The DP83TG720 has adjustable impedance control for RGMI|
signaling pads and CLKOUT pin, to allow for slew rate control. Reference the readme_ibis_dp83tg720r.xIsx
file to select which one to use. Slow and slowest modes will decrease the rise and fall times of

each signal. The different models correspond to the cfg_mac_rx_impedance bits in register 0x0456, and
cfg_other_impedance bits in register 0x455 in the data sheet.

9. This case will use a Vddio level of 1.8V and default termination, so leave the default model selectors for
each pin.
Under the I/O buffer drop-down, select Output for all six of the relevant pins.
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10. Click the "Edit Stimulus..." button in the lower left corner. Create an oscillator stimulus for the RX_CLK
output, and PRBS stimulus for the RX_Dx outputs to emulate actual RGMII data transmission.

11. To emulate the RX_CLK signal, select “Oscillator” from the drop down menu, and enter a frequency of
0.125GHz, and increase the sequence reps to 4000. Click the Save button and save this as “RX_CLK
_Stimulus.eds”

Change the sequence dropdown to PRBS. Select bit order 9. Save this file as “RX_Dx_Stimulus.eds”
Finally, create a 12.5MHz oscillator for the RX_CTRL output and name it.
“‘RX_CTRL_Stimulus.eds”

Edit Stimulus X
| Stimulus || Stimulus
Stimuius Name: .. & || Stimulus Name:| C:\Users\a0491884\Documents\ADS_Tutoral Ru ~| ... E i | %
Bit pattern ] Bit pattem
Sequence:  Oscillator o Initial state: | High ~ ~ | Sequence: | PRBS (pseudo random) ~ | Bit order: |9 ~ Initial state: |High  +
m | 000111110000100000111010001100110111
01070107101017101017010101701017010701710701071 | Sequence length: 511
< >
Stimulus Jitter | Stimulus Jitter
Period: ns Include type: [ Gaussian [] Uniform [ Sine | Bit interval ns Include type: []Gaussian []Unform [ Sine
Frequency” (0125 GHz Jitter Type: | Gaussian v | Bt Rate: [p. 125 Gbps Jitter Type: | Gaussian ~
Dutyeycle: |50 2| % high 1 % of period [ 1 %ol I
Sequence reps: |4 2 Sequence reps: |40 z
[ Advanced options 1 | [[] Advanced options
For random jitter, generate the same random ] For random jiter, generate the same random
number sequence in each simulation | number sequence in each simulation
OK Cancel Help Cancel Help
Edit Stimulus X
Stimulus
Stimulus Name:| C:\Users\a0451884\Documents\ADS_Tutorial_Ru ~ E;;] (==
Bit pattem
Sequence: | Oscillator ~ Initial state: | High
01070107101017101017010101701017010701710701071
Stimulus ditter
Period: ns Include type: [ Gaussian [] Uniform [ Sine
Frequency” |0.0125 GHz Jitter Type: | Gaussian o
Duty cycle: {50 = | % high 1 % of period
Sequence reps: 4000 e
[] Advanced options
Cancel Help
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12. Click "OK" to return to the previous screen, and assign the new stimuli to their respective pins. Click the
close button.

13. No additional configuration is required on U2, but confirm that the connected pins are selected as inputs.
The model is now ready to simulate.

2.1.2 Measurements

1. Click the button in the toolbar to open the waveform window.
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Hyperbynx - Linebim v8.4 - [Hyperlynx_DP8TG720_5im.ffs < C\Users\al481888\ Documents'\ADS_Tutorial_Run'» - Free-Form Schematic Editor]
{= FEile Setup Edit View Models Simulate 5| Simulate Pl Export  Window Developer Help
B A RE BE & 9 x| e RS SGEmE BN @ ©
PIE|& © & 4% F + + ~ S 9
50.0 ohms
900.000 ps
Ui u2
m?ﬁf} _%,( LS T :ﬂ ETEDE'EO
RESET_N4 [His Somh s VDDIO
X i
x STXC
LED 11 [/ 50.0 ohms TN D2
VSLEEP % 900.000 ps S TX D3
WAKE ¢ Simple BT CTRL
VDD1PO 9 [ Net014 - pTXCLK
INH - -5 TL4 ZapqRXCCLK
VDDA3P3 7 |4 2 dhRXTDO
TRD_Px [, SPT<RX D1
TRD_Mx e 23 pRXD2
STRP_14 [y HRXD3
RX_CTRLP e 50.0 ohms 254, VDDIO
CLKOUT 4 <2 900.000 ps 263 . VDD1PO
DNC x |-er Simple 25k <DNC
DNC ¢ g Net013 ek <DINC
DNC x | L3 T bDNC
DNC x ) <DNC
VDD1PO 4 25 eTh b CLKOUT
oo 1 e
RX D2 | |- 50.0 ohms S <TRD M
RX D1 goo.tlm ps B <TRDP
. imple
RXRXCBE[E o Simple ) zl\ﬁmaps
TX_CLK ¢ [ TL2 %3 ,vDD1PO
TX_CTRL4 M HWAKE
TX_D3 4 [, E j ) +VSLEEP
TX D2 4 b JLED_1
TX D1 4 [Hipr 15X
TX_DO ¢ 50.0 ohms WX
VODIO 3 [ 900.000 ps HRESET N
LED 0p My Simple I BINT_N ~
MOTO< [, TE118101 i $MDT
dp83tg720r.ibs dp83tg720r.ibs
DP83TG720 E j }__ DP83TG720
50.0 ohms
900.000 ps
Simple
Net010
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2. Select which pins to view waveforms of. Click the triangle to the left of the pins box and click "Disable all
probes." Select pins 28-33 on U2.

B! Digitel Oscilloscope - u] b
Comment {for Clipboard and prnter) Operation
! ~ Shart Simulat
| @Stendad O Epe Diagram ot muaten
Simulator
Stimulus o
® Glabal o
- SI/PI CoSim
WIRHEARD Time Resolution
(@ Edge ORisingedge @ Aua O 10 |ps
O Oscillatar | @ Faling ed
— Heeleter | [FENASAE SpicE Options..
IC madeling
O slowwesk @ Typical (O Fasttiong
Shaw
[[]Overview pane  Probes
Readout text Located
[ Loaded resui ——
[ Previous resiffts
[] Latest result Pins C|fs
Visibility 40 220
@ Volage 40 230
() Current _uj 24 [a .
Zoam P 5. W
» E P 260
I 27
o s [l
A 2. [l
i1
| |
400
-
Thresholds for 40
AICPins T
Cursors Yertical Horizontal
Track wavetarm Postion Delay Savelload..
e i Copy to Clp
Measurements Bl
@ Entie O Region Wavetom: | No wavetom selected = .o
(L] F x| SH=tmfmle] W 2] o d| @ | <&
‘ | 4 Clase
= nsddiv Help

3. Under the stimulus selector, choose "Per-Net/Pin" to allow the individual stimuli selected earlier. Click the
Start Simulation button. The following waveforms will appear.

B! Digital Oscilloscope

omment (for Cipboard and printer] peration
C It [far Cliphoard and print Operati
@ Standard (O Eye Diagram
5 Simulator
Stimulus
~ Auta ~
lobal -
Assign. SI4P1 Co-Sim

Time Resclution
@auto O 10 ps

SPICE Options...
|C maodeling
O Slowweak ® Typical () Fast-Strong
Showy
[ Overview pane  Probes:
Readaut text Localed
[Loaded results | Always atthe pin 4
revious results
atest results Fins (S
Vigibiity 40
@ Voltage 41
() Current 40
Zoom |
®| @ b0
|
»
.
40
|
Thresholds for: 40
AllIC Pinz v
Cursors Wertical Horizontal
Track ‘wavsform Position Delay SavelLoad
e aeltes, Copy to Clip
Measurements Erase
(@ Entire () Region Wavetom: | Mo waveform selected Frint...
(1| 7| | Sr=Hmrmlls] W =] ok
| Clase
Help
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4. Use the up and down arrows under the dials to adjust the view of the waveform.

5. Any time or voltage value can be gathered from this plot manually. Click the Track
Waveform button and click on a waveform. The cursor information will be shown here.

6. To acquire automatic measurements, select a waveform and measurement option in the bottom left. Options
include peak-to-peak voltage, rise/fall times, positive/negative overshoot, etc.
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2.1.3 Further Configuration

The previous sections cover the basics of HyperLynx simulations. Additional configuration options follow. By

default, the previous waveforms are shown to allow an easy comparison of any changes made.

1. Change the IC modeling option to Slow-Weak or Fast-Strong. Notice the rise/fall times increase and

decrease respectively, and there is less and more overshoot respectively. This setting is used to simulate all

process corners of silicon manufacturing.

2. Set the location at the pin or at the die. This will choose whether to include the package characteristics or

not.

3. Go back to the main window and change the model selector or stimuli for the desired pins.

4. Change the transmission line characteristics

In most cases, it will be beneficial to use actual S-Parameters of PCB traces instead of ideal transmission lines.
Select the S-Parameter option from the toolbar and replace each transmission line with this. Double click the J1
item and select your desired S-Parameter file. This example is using a 5 inch, 4 mil FR4 trace file. Return to the
simulation window and re-simulate.

Hyperlynx - LineSim v8.4 - [Hyperlynx_DPETG720_Sim.ffs < Ch\Users\a0491884\Documents\ADS_Tutorial_Run'> - Free-Form Schematic Editor]

M= Eile Setup

BEE RE BB & 9
R = T

Models  Simulate S| Simulate Pl

4 F ™ 3

Export Window Developer Help
S8 S &
£ ® L £ T I Y o T 4 = T

u1

VDDA3P3 4
TRD_Px
TRD Mx
STRP_14

RX_CTRL[

cLKOUT ¢
DNC x

=

J6

{ Port1 Poriz <

4mildgripline_5in_._

7

4mil_stripline_5in...

J4

] Port1 Port2 =

4mil_stripline_5in...

1 00 O A N

J3

4mil_stripline_5in...

J2

G| R =S @ m @] e R

{ Port1 Port2 2

4mil_stripline_5in...

WMILAA I

dp83tg720r.ibs
DP83TG720

J1

4mil_stripline_5in...

{ Portt Port2

i YU RO OO O UL O] 0] (] R o] ] )

T T O
A

Port1 Port2
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2.2 SGMII Differential Simulation

This example will show how to simulate the SGMII differential interface. Most of the configuration will be the
same as the above example, so refer to the previous section for more detailed direction.

1. Create a schematic in this fashion, using an S4P model of a differential FR4 trace for the transmission line.

G Hyperlynx - LineSim v3.4 - [Hyperlyny_DPETG720_Sim.ffe <O\ Usersh s0421 BEA Documents\ ADS_Tutensl_Run'> - Free-Form Schematic Editor]

= File Setup Edit WView Models Simulate Sl Simulate Pl Export Window Developer Heip

e o BE & 5 ¢ B A Q@& &k on o 5 OB TR SWEE BN @ ©
b IE D O H 4 £ m 3 0F &3 8 & /MY = T & 20

u1 uz
MDC ¢ | - +Moio
INT_ M4 <LED 0
RESET N¢ % Sent s VOO
O x HTX_DO
Xl x L S g
LED 1p- | 3 pTX D2
VSLEEP 9 J1 S pTX D3
WAKE ¢ b TCCTRL
VDD‘IP‘ID 9 o Port1 Port2 |- o ﬁ-TRi_%LK
INH - (R CLK
VODASPS 9 |- Port3 Portd Do
TRO_F RX D1
TRD‘M? jg dmii_stripline_5in § :jq;.- D2
Sjles s
CLKoUT § <2 cul 2 4VDD1PO
ne ] abets
DNC x :%: -~ Portd Portd |- :?- -bDi\lC
DNC x *DNG
VDDPO %T 4mit_striplineg_5in :? PCLKOUT
RR Do) &2 M
RX"D2 - B3 W xTRD_ W
RX DA |- 6 B <TRDP
R;&){CLDE [ s 17 e-'llf?_iDAJPB
_CLK |- -
TX CLK ¢ M7 " LVDD1PO
TX_CTRL4 PWAKE
D3¢ 0 4VSLEEP
TA D24 ) g ~ILED_1
TH_ D1 7] F X1
T D04 o %X0
VODIO § | HRESET_N
LED_O- [ HINT_N
MOTO & (=7 HMDT
dp&3ig720s Ibs dpB31g720s Ibs
DPB3ITGT20 DPE3TGT20

Double click U1 and U2 and select the dp83tg720s.ibs model.

Open the Manage model selector window for U1. Notice pins 23 and 24 have the ibis_sgmii_tx model
selected, and are notated as a diff twin pair.

4. Create a 625MHz PRBS-9 stimuli for the SGMII pins and assign them to pins 23 and 24.

wnN
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5. Open the simulation window and select the box next to pin 32. The Blue and Green traces show the
individual trace waveforms, while the red shows math (pin 32 — pin 33).

B! Digital Oscilloscope - O X
Comment [for Ciipbaard and printer] Mperstion
o - Start Simulat
| @) Standard () Eye Diagiam At S imaten
Simulator
Stimus i
O tiobal uto
~ Assian SI/F CaSim
QIRereliztn Time: Resclution
@ aute O 10 ps
SPICE Optiors
IC madeling
O Slowwesk O Typical @ Fast-Girang
Show
[ Overviews psns. Probss
Readout text Located:
[] Loaded results Always at the pin e
[ Previous results
[+ Latest results Pins [
Wisibilty 40 2.
(®) Voltage <000 24 W
O Current M0 e W
Zoom MO 260s
® [ PO 27
40 20=. W
l 4 292 W
Y A0 .
40 31
- 320 W
L
i1 3
A0 4.
MO . W
Thrssholds for A0 3. HV
ANICPins
Cursars Wertical Horizortal
Track ‘Wwaveform Pasition Delay Sne/oad
AN Copw to Clip
< Erase
Measuremerts - =
[ 400 2 v
@Eniie O Region wavefom: | No wavelom selected v fit
Scale
10 7 ] S M =] o T
Positive vershoot: 335 6 i Maw pask: 213 High level 173 | E % Close
Law level 13.43 mv = i Help
6. Take measurements and change the configuration as desired.
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3 Keysight ADS
3.1 Transient Simulations of RGMII

This section will demonstrate how to create simulations of RGMII signaling in ADS to verify timing specifications
of any MAC interface.

3.1.1 Setup

1.

Create a new schematic and navigate to the Signal Integrity — IBIS palette in the drop-down. Select the 10
component and place two. This example will demonstrate the RX_CLK to TX_CLK connection.

36 cell_1 [DPEITET205 libcell_lischematic] * (Schematich:!

File Edit Select Wimw  Insert Options  Tecls  Layowt  Simulate  Window  Oynemiclmk  DeslonGude  Help

DNEHS XYW 6P O (\EE LMK t@ ) R
=i SEWH PO RO

Pasts #ox

@ i
=2 -
——

Signe Inbsgriny - 1S - 4
e ——

L= || 30 ;

£ ()

e

e

SR i s | _ IBIS_|O

e IBIS1 IBIS2

o] fe IbisFile= (BisFie=

ﬁ; ComponentName= C_omponen’(Name:
=5 PinName= PinName=

o] fie T ModelName= : - Modelame=. .
woll tanel . SetAllData=yes =~ o SetAliData=yes
i | I - DataTypeSelector=Typ _ RelaTiReseacinE=Typ
| i UsePkg=yes UsePkg=yes
&

= |

Tadidl Al

Z L

2. Double click the IO component and select the dp83tg720r.ibs file for both components.

3. This component functions as either the IBIS_O (Output) buffer or the IBIS_| (Input) buffer depending on
the enable state. When the buffer is enabled, it functions as an IBIS_O (Output) buffer. When disabled, it
behaves as an IBIS_| (Input) buffer.
In the Input mode, the DiglO pin assumes the value 0 or 1 depending on the voltage at the IO pin compared
to the model’s Vinl and Vinh parameters.
Further description of all the IBIS components available in ADS can be found here:
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Equivalent Circuit
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4.

Next, wire each one of the pins starting with the enable pin.

Double click on the left component, and click on the Model tab. You will see this model is active-low. This
means pulling this pin low will make this part an Output, while providing a voltage source greater than or
equal to 1 V will make it an Input. An Active-High model would be the inverse.

To make the left IO an Output and the Right IO an Input, make the connections as follows. The DC source
can be found in the Basic Components palette.

[l cell_1 [DPEITG7205 lib:cell_:schematic] (Schematic):1

File Edit Select View Insert Options Tools Layout Simulate Window Dynamiclink DesignGuide Help

NEHG X9 9D L E\BR LLEE @V RF

nane S | o o AN

EESSEWH2RPETF O

Parts d x
@ i

[Search all fbra T
Basic Components ~

e
L

e

A -4
5

EJTHPN M

L)

Pg%e T%G

@l @ BISIO . o BIS 1O

&) BIS1 - - BIS2 . . . . . =

! st ComponentName="DP83TG720". . . . ComponentName="DP83TG720"
PinName="25" PinName="25"
ModelName="ibis_gtx_mm_mode10_1p8" ModelName="ibis_gtx_mrm_mode10_2p5v"
SetAllData=yes SetAllData=yes
DataTypeSelector=Typ DataTypeSelector=Typ

UsePkg=yes UsePkg=yes
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5. Make the rest of the connections as follows

Trigger Pin — For the Output component, this is the input to the buffer. Place a Pulse source from the
Source-Time Domain palette, and configure it to [0,1.8] V and 125 Mhz. For the Input component, this pin is
unused.

IO — Connecting these two pins together will form the channel. In between, add a transmission line of your
choosing. Ideal T-Lines are found in the Tlines-ldeal Palette.

PU(Pullup), PC (Power clamp) — Connect these to the desired logic level of operation.
PD (Pulldown), GC (Ground clamp) - Connect to ground.

DigO — Digital output pin for the input device. Insert a pin name here to monitor this later.

G cell_1 [DPE3TG720S_lib:cell_T:schematic] * (Schematic):1
File Edit Select View Inset Options Tools Layout Simulate Window Dynamiclink DesignGuide Help

O

EHa t X9 +@Pp - R\NER T LHE SToP Rw

EESSEMNMH 22O T

Parts 7 x

Basic Companents ~
e || S
o | & _ o V_PU
e F 0 —
fode V_DC ViPulse
N e e -
e || ophne = Vdc=18V Viow=0V TLIND
< | m ST - Vhigh=1.8 V" E=C LD
BJTHRN || BT Delay=0 nsec — Z=500 Ohm
oL B 1 e —
i ﬁ;u L — Edge=linear IBIS” 10 Delay=1 nsec BIS_IO -
= - . . . . Rise=1 nsec. IBIS? . . . BIS2 . .
P%? EB . L . . _Fa_\l:1 nsec ComponentName="DP83TG720" . ComponentNam e="DP83TG720"
% % quth:4 nsec PinName="25" PinName="25"
i Pernod=8 nsec  pModelName="ibis_gtx_mmn_mode10_1p8" ModelName="ibis_gtx_mmx_mode10_2p5v"
: C : C C SetAllData=yes - T ’ SetAllData=yes C ’
% % . S . S S DataTypeSelector=Typ s . DataTypeSelector=Typ -
UsePkg=yes UsePkg=yes

6. Now that the necessary connections are made, double click on the left IBIS component, and navigate to the
Pin tab. Here, select the pin and available models. Select the RX_CLK pin and use the default Model. Click
Apply.

Do the same on the right IBIS component, but select the TX_CLK pin.
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3.1.2 Simulation

1. Place a transient simulation controller from the Simulation-Transient Palette. Configure it to last 100 nsec
with 100 psec step size.
2. Add names to the nets which will be monitored in the simulation. Click the gear icon to start the simulation.
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3. Place rectangular charts for each of the signals, or place multiple signals on one chart.
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3.1.3 Further Configuration

Further configuration options include:

1. Change IC model to Fast/Slow

2. Use package or not.

3. Change the Model selector to a different pin or voltage level. When you increase the model logic level here,
increase the Pullup value to the same.

4. Change V_IN. For the RX_D pins, use a PRBS source, found in the Sources-Time Domain palette.

To replace the transmission line with custom S-Parameter models, search for the SnP component in the search
bar and connect it in place of the ideal transmission line.

il cell_1 [DPB3TG7205. lib:cell_l:schematic] * (Schematic):1
File Edit Select View Insert Options Tools Layout Simulate Window Dynamiclink DesignGuide Help

B2 i a8 B L o1 4 5 A = i o 5|
DERH& b X9 +€08p O-LTWRN\NEE T 2HE @R
SESSEWHLSRPEEHO

€SV e AT1o

Parts 8 x
- sy L . 5% | mansENT |
Part Search ~ Tran
. Tran1
Port S-patameter File * StopTime=100.0 nsec’
ed by the Broadband MaxTimeStep=100 psec
De_EmbedSnP . o
De-zmb axsin
De_EmbedSnP2 .
De-
) V_PU
Vin
v Py a
V.DC VtPulse o Pre TL =
+] SRc3 SRC2 —
— Vdc=18V Viow=0 Vv E‘é’
De EmbedsrP12 B = s o L P .
De-embed encompassing SnP. 12-Port Delay=0 nsec al
= — Edge=linear - 5|0 B IBIS” 10 =
Rise=1nsec. . |gis1 . . . .SpP X . . IBIS2 . . .
Fall=1nsec ~  componentName="DP83%6710" . .. ComponentName="DP83TG720" .
Width=4 nsec  pinName="27" PinName="25"
Perod=8nsec  podelName="ibis_gtx_mn_mode10_1p8" ModelName="ibis_gtx_mrx_mode10_1ps"
SetAllData=yes SetAllData=yes
DataTypeSelector=Typ DataTypeSelector=Typ
UsePkg=yes UsePkg=yes
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3.2 SGMII Channel Simulation with Eye Diagram

1. Place an IBIS_DI and IBIS_DO component and select the dp83tg720s.ibs files for each. Select pin 23 or 24
for the output and 31 or 32 for the input. It will not matter since the pins are designated as a differential pair.
2. Recreate the rest of the setup as shown below, and simulate.

V.PU
V_DC

+] srct
= Vde=18V.

Tx_SingleEnded
Tx_SingleEnded1
BitRate=625 Mbps
Vhigh=1.8 V
Viow=00V
RiseFallTime=100 psec
Mode=Maximal Length LFSR
Excludel oad=yes .
EQMode=Specify FIR taps

ChannelSim

Channel Sime
ChannelSim1
NumberOfBits=1000
ToleranceMode=Auto
EnforcePassivity=yes '
Mode=Bit-by-bit

TLIND

TLD2

2=50.0 Ohm v_PU

Delay=1 nsec

58

1 B>

¥ B

TLIND =B1S_DI
= ILD3 IBIS11
IBIS_DI Z=50.0 Ohm IbisFile="C:\Users\a0491884\Downloads'snim 243\ibis_m odel\dp83tg720s.ibs"
IBIS10 Delay=1 nsec ComponentNamé="DP83TG720" '

ComponentName="DP83TG720"
PinName="24"
ModelName="ibis_sgmii_{x"
SetAllData=yes
DataTypeSelector=Typ
UsePkg=yes

IbisFile="C:\Users\a0491884\Downloads'snim.243\ibis_model\dp&3tg720s.ibs" pj,Nam e="32"

ModelName="ibis_sgmii_mn"
SetAllData=yes
DataTypeSelector=Typ
UsePkg=yes
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3. Create rectangular plots and add each eye density plot as shown.
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4. Add a list block and select eye probe1.summary, eyediff_probe1.summary, etc. to see a list of the eye
heights and widths.
measurement Eye Probel.Summary EyeDiff_Probe1. Summary Eye Probe2 Summary

Level1 1.800 1.899 1.800
LevelD 0.000 0715 0.000
Height 1.800 2.283 1.800
Width 1.582E-9 1.592E-9 0.000
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