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MATLAB I

Block Parameters: Fractional N PLL with Delta Sigma Modulator ¥
FractionalNPLLwithDeltaSigmaModulator (mask) (link) ~

Frequency synthesizer with delta sigma modulato based fractional N PLL architecture.
PLL Building Blocks Configuration
PFD Charge pump VCO Prescaler Loop Filter Probe Analysis

Configuration

Output current (A) ‘Icp | g

Input threshold (V) ‘0.5 | g

Impairments
Enable impairments

Current Impairments

Current imbalance (A) |1&7 | i

Leakage current (A) |1&8 | B

Timing Impairments
Output step size calculation

@ Default
O Advanced

Up

Rise/fall time: () [S0e-12 |E

Minimum Up propagation delay: 49ps

Propagation delay (s) |Gl)e-12 | g

Down

Rise/fall time ()~ [20e-12 |

Minimum Down propagation delay: 32ps

Propagation delay (s) |4De—12 | g

Cancel Help Apply
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to adc analog ADC

AC Testbench

on delay: 7.84 us

Conversi 7.
SINAD: 21.91 dB
SFDR: 24.95dB
SNR:  24.15dB

NOB: 3.35

from adc digital
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PLL {TH#EE! (Fas#)

PLL 2.4GHz X5 Cadence Virtuoso
AMS Designer B*&1HE

PLL 50x (&IREME)

PLL (X AEIE 5T40)

PLL (MBS IRRMEE RIRERKIE)

ADC

- ADC i&it##Z (& Cadence Incisive BEX&1HE)

« Sigma-Delta ADC HSystemVerilog &1&
« =MiSigma-Delta ADC (&H IRERSEIN)
- POBrSigma-Delta ADC

6 Bit Subranging ADC with Pipelining and Error Correcting Set d Stage

Copyright 2011-2018 The Mathiorks, Inc

Offset Error in LSB

.

Get Help for model
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MATLAB

S K \mn, 'Z_2| b do’;‘:‘ AAAAA Time Scope.
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o — Load Step
HT}/{.[F 1&% _‘-... DutyCycle
ValtageError| SMPS Maasuremant ts
10 Gbps SerDesi& it i . o pmo |
2 Gbps SerDes (HHLEZKCTLE ) S =4
— - :: Magnitude
) y, \ ) lnput DOUBLE CLICK below DOUBLE CLICK below
= hiag) to create a plant model: to create a plant model
jg z — 3 Phase E Develop LTI Model Develop LTI Model
o - T e TR
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E] Block Parameters: Stimulus
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e == o
[N (| (o | "o o ’ o > . i
A= > H=HD] e [ o
e s | G | e oE A e ct: |[NRZ v
AGC DR
PAM4
e e b cne > DFE/CDR >| OK || Cancel Help Apply
’ 08 { F
- 7] ( CnE DFECOR
P e }
o5 gen ) I\ 3 e > ) Pasy Theough
Ay
0 —
5 = o @ B o s 5 55 6 85 7 78 FFE PassThrough
ips] =] 0*
| Repod. x| B PRES Wavsl o
e [——
o > —— > ) - >
.
_—
brecsrmavenn v SaturatingAmpifier VGA

§ Ch | lD'I ave_in ave_out =i blﬁ
annel wave_ou wave_i wave_
i -amnel Eye Diagram
Rv
1 (Rx
2 (Reserved_Parameters
3 (AMI_Version (Usage Info) (Type String) (Default "6.8") (Description "AMI_Version"))
4 (Init_Returns_Impulse (Usage Info) (Type Boolean) (Default False) (Description "Init_Ret
5 (GetWave_Exists (Usage Info) (Type Boolean) (Default True) (Description "GetWave_Exists"
6 (Max_Init_Aggressors (Usage Info) (Type Integer) (Default 32) (Description "Max_Init_Agg
7 (Ignore_Bits (Usage Info) (Type Integer) (Default @) (Description “"Ignore Bits"))
8 )
9 (Model_Specific
1e (CTLEParameter
11 (Mode (Usage In) (Type Float) (Format Value 1.9) (Description "CTLE Mode: @=off, 1=fix
12 (ConfigSelect (Usage In) (Type Float) (Format Range 1.0 1.0 1.0) (Description "CTLE co
13 )
14 (AGCParameter
15 (Mode (Usage In) (Type Floath(Fomat Value 1.0) (Description "AGC Mode: @=off, 1=on")
16 (TargetRMSVoltage (Usage In) (Type Float) (Format Range ©.1 ©.001 10.8) (Description "
17 )
18 (Modulation (Usage In) (Type Float) (Format Value 2.9))
19 (SatAmpParameter

(Mode (Usage In) (Type Float) (Format Value 0.0) (Description "Saturating amplifier mo
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Channel Operating Margin (COM) ....

Tx

.Analog':lm.

— Char! o] ———

L

Channel .

Analogin

Rx

CTLE

CTLE

CTLE Lo

l.CTLE_Hu;:

—
—
—
=

MATLAB E

x N =
SERDES DESIGNER ddEoieeo® 0-
L ] 35714 Vodulation PAM3 v s [rec (=) e () (&58) 0| B, Analyze ¥
Samples per Symbol 16 > N - .
New Open Save . aling O - Tx/Rx Jitter AGC FFE VGA  Saturaing  DFECDR Delete  Add Plots . LAYOUT  Export
- Target BER 1¢-06 Signaling Differential Ampiifier - G Auto-Analyze -
FILE NFIGURATION BLOCKS ANALYSIS ¥ exeoRT -
SerDes System
Tx Rx
DFE /
FFE D | Channel D CTLE CTLE | COR
J I | S
FFE AnalogOut Channel Analogin CTLE Lo CTLE Hig. DFECDR
Block Paragg#fers Pulse Response Impulse Response Statistical Eye Bathtub Contours

Name: CTLE_LowFreq

Mode adapt
Specification DC Gain and Peaking Gain
Peaking frequency (GHz) [10 1112 13 14 15 16]
DC gain (dB) [0000000)

Peakina aain (dB) 0

Report
Name
1 [Eye Height Upper (V)
2 |Eye Height Lower (V)
3 |[Eye Width Upper (ps)
4 [Eye Width Lower (ps)
5 [Eye Area Upper (V"ps)
6 |Eye Area Lower (V'ps)
7 [cOm
8 |VEC
g  |Eye Linearity
10
11 |CTLE_LowFreqConfigSelect
12
13 |CTLE_HighFreq CanfigSelect
14
<
| %T:Iriﬂj e

o

“DFECOR

03238
0.3238
17 9251
17.9251
4.0288
40286
116072
26484

Pulse Response

Statistical Eye

0.8
0.6
;D 4 1
0.2
\
0 —
15 2 25 3
[s] <109
PRBS Waveform BER CTLE Transfer Function: CTLE HighFreq
PRBS Waveform
T — —
04 - A
| | (
1 f h
02f | ! \
| | fl
—_ \ ‘ L
Z or | HEH
i IR
" f 1
02 H N wioAl
ik |
\ | |
-04 I (.
1 Il L] 1 Il 1 1 Il 1
0 05 1 1.5 2 25 3 35 4 45
[s] <10
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EHSH

X

SERDES DESIGNER
o O H .

New Open Save

lymbol Time (ps) 35.714
aiibles per Symbol 16 &
Target BER 1e-06

Viodulation PAM3 -

Signaling Differential

CONFIGURATION

Tt
e
R Jitter

Jdu

AGC FFE VGA Saturating DFECDR
Amplifier

BLOCKS

SerDes%B {4

Delete

Analyze
Add Plots

-

b Auto-Analyze

LAYO!

Export

-

EXPORT

T Rx
.—Iij-_w D kﬂ Channelr— D = CTLE f[==( CTLE —e
FFE AnalogOut Channel Analogin CTLE_Le. CTLE_Hig. DFECOR

~——

VaRIES

Impulse Response

Pulse Response

Block Parameters Pulse Response
0.8
Name: |CTLE_LowFreq
0.6
Mode |adapt v |8
- 04
Specification DC Gain and Peaking Gain v 02
Peaking frequency (GHz) [10 1112 13 14 15 16] 0
DC gain (dB) [00 0000 0]
Peakina oain (dB) 0
m . PRES Waveform
Name
1 [Eye Height Upper (V) 03238 -
2 |Eye Height Lower (V) 0.3238
3 |Eye Width Upper (ps) 17.9251
4 [Eye Width Lower (ps) 17.9251
5 |Eye Area Upper (V'ps) 4.0286
6 |Eye Area Lower (V"ps) 4.0286
7 |coMm 11.6072 -
8 |VEC 256484
g |Eye Linearity 1
10 |
11 [CTLE_LowFreqConfigSelect 6
12
13 |CTLE_HighFreq:ConfigSelect 9
14 v
£ 2

BER

| CTLE Transfer Function: CTLE HighFreq

25 3
[s) <109

PRBS Waveform
" T,

Bathtub

Statistical Eye

Contours

MATLAB EXl

MATLAB

- Simulink
- IBIS-AMI

SerDes$ &
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SerDes %11 E

- gJE MATLAB B AT BahibiitfiRzE
- B Simulinkt=E 8 BFEHE A E
- f1)iE IBIS-AMIiEE!

*a

untitled

@ |Faluntited »

-
Ele Edit View lnset Tools Desktop Window Help

Dede @ 0E|RE

Pulse Response

Statistical Eye

\4]

L] <10

Configuration

» |I0d

Running

Name
Eye Heignt Upper (mV)
Eye Height Center (V)
3 Eye Heght Lower (mV)
4 [Eye Width Upper (ps)
{75 [Eye Vagtn Center (ps)
& [Eye Width Lower (ps)

Data
128.8658
127.0298
126.8858

22752
37,5883
2752

D1 D1
wave_in Tx wave_out

»In Analog Channel

.

D1

4 Eye Diagram

Eile  Tools

Yiew

Help

@-80re

Running

S

Q-C/\-u-E |

Out

150%

T=9239¢-08 |G

wave_in

Rx

wave_out!

T=821e-08

Eye Diagram

FixedStepDiscrete

31
32
33
24
35
3¢
37
38
35

41
4z
43
44
45
4€
47
48
49
s0
51
52
53
54
55
S€
57
s8
59
€0
€1
€2
€3
€4
€5
€€

txBlocks{l} = serdes.FFE;

txBlocks{l}.BlockName =
txBlocks{l}.Mode = 1;
txBlocks{l}.TapWeights = [0 1 0 0 0];
txBlocks{l}.Normalize = true;

% Build 13 'S
rxBlocks{1} serdes.CT.
rxBlocks{1l}.BlockName =
rxBlocks{1l}.Mode = 2;
rxBlocks{l}.ConfigSelect = 0;
rxBlocks{1l}.Specification = 'D n
rxBlocks{1l}.PeakingFrequency = 5000000000;
rxBlocks{1l}.DCGain = [0 -1 -2 -3 -4 -5 -6 -7 -
rxBlocks{l}.PeakingGain = [0 1 2 3 45 6 7 8];

rxBlocks{2} = serdes.AGC;
rxBlocks{2}.BlockName =
rxBlocks{2}.Mode = 1;

rxBlocks{2}.TargetRMSVoltage = 0.3;

rxBlocks{3} = serdes.DFECDR;
rxBlocks{3}.BlockName =
rxBlocks{3}.Mode = 2;
rxBlocks{3}.TapWeights = [0 0 0 0];
rxBlocks{3}.MinimumTap -1;
rxBlocks{3}.MaximumTap = 1;

txAnalogModel = AnalogModel( ...
'R',S0, ...
'C',1.000000e-13);

tx Transmitter( ...

'B 3',txBlocks,

1',txAnalogModel,

,1.000000e-11,

gIds

rxAnalogModel = AnalogModel( ...
'R',50, .
'C',2.000000e-13) ;

rx = Receiver( ...

ChannelData( ...
elLossdB',8,

SamplesPerSymbol = 16;
ModulationLevels = 2;
BERtarget = le-0€;

MATLAB I

4 Figure 1 = [m] X
File Edit View |Insert Tools Desktop Window Help N
Dads @ 0E| E

Pulse Response

08
0.6
04
=
0.2
0
-0.2
22 24 26 28 3 3.2 34
[ns]
= =
File Edit View |Insert Tools Desktop Window Help N
Deds @ 0E|YE
PRBS Waveform
0.5
8 | — Unequalized
‘ “ ‘( ‘[l Equaznd
TR '
= o M“ ‘ Ml B
‘\U | ‘ l"l
AR
-0.5
0 2 4 6 8 10 12 14
[ns]
-
File Edit View |Insert Tools Desktop Window Help N

Dogds (@ 08| KE

Statistical Eye p
0.5 110°

-0.5

[ps]
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MATLAB E3

. . . === ﬂ:lj conﬁgrura’itriorn 7(masrk) (link) B -
S e r D e S TO O I b OX . S I m u I I n k 1;% .:t. Configure system wide settings in a SerDes Toolbox model.
;j:;::t::e (s) [100e-12
Samples per symbol 16 ©
== —H- .
- REBESER, 0 DFE, CTLE, AGC, CDR e =
s - Vo a o Modulatio \NRZ _ @Z v
" % ;& 1{ 1:% gél. f\n 5‘ 3 f Si:n:Iiz:w;c i Eifferential -

S22l \[= O Analysis Differential
" N yﬁﬁ \ E 5 Plot statistical analysis after simulation oAl

Plot time domain analysis after simulation

" P R B S ﬁ E E )Z 5%& }75}] 1% ‘% Eye Diagram Clock |Clocked =

Ignore bits for time domain analysis 100

- Y EPAM4, NRZ. PAM3

Open SerDes IBIS-AMI Manager

Cancel Help Apply

S8 Simulink Library Browser = O X

SerDes Toolbox/Datapath Blocks

Robust Control Toolbox ~
Vv SerDes Toolbox
Datapath Blocks >
Utilities
SimEvents AGC CDR
Simscape
Simscape Multibody Multiphysics Library
B8 Simulink Library Browser - 0 % > Simulink 3D Animation b CTLE b DFE/CDR q
Simulink Coder

<« hdllib v| Ry - b - Simulink Coder Support Package for ARM CTLE DFECDR

Simulink Coder Support Package for Bea

AGC > N COR

SerDes Toolbox/Utilities Simulink Coder Support Package for NXF
v SerDes Toolbox P zimulin: gzger :pport iac:age :or g;(: p FFE > Pass-Through >
imulini er rt Package for
Datapath Blocks Configuration Stimulus WaveOut [» Ywaveln  Analog Channel  WaveOut [y e Tk ppf) e
Utilities Simulink Control Design FFE PassThrough
SimE > Simulink Design Optimization
Sjm vents Configuration Stimulus Analog Channel Simulink Design Verifier _
imscape N :
Simulini 2D Animation I Simulink Desktop Real-Time b :m‘;:ﬁ;g > VGA >
cimulink Coder : IBIS-AMI clock_times b Simulink Extras
JclockTime > Simulink Real-Time = =
Simulink Contrel Design - - Simulink Requirements SaturatingAmplifier VGA
- . i IBIS-AMI clock _times Eye Diagram d
Simulink Design Optimization — Simulink Support Package for Android Dv
Simulink Desian Verifier v Simulink Support Package for Apple iOS
< > Simulink Support Package for Arduino H.

Simulink Support Package for LEGO MIN
Simulink Support Package for PARROT M

Cirs dint, Cosnnack Darlinan far Dannbarns

< >

v

19



SerDes{A B ZRIRE

BEXEE, TFASEY

B {5 F B b Simulink#&
AT fC B Jitter FIME =

4 FRIBIS-AMIFERY

Configuration

Analogchanne\ (mask) (link)

Construct loss model using a channel loss metric or an impulse response from another source
in a SerDes Toolbox model. Analog model inputs are only used for IBIS file construction

when using impulse response.
Channel Model ~ Crosstalk

Channel model Impulse res

ponse -

Impulse response \[zeros(l,

63),1/Samplelnterval zeros(1,192)] \ H

Impulse sample interval |G.25e—12 \ H

Analog Model

Tx R (Chms) [50

|5 ™c(F) [100e-15 [E

Rx R (Ohms) [50

[f| rxc(F) [200e-15 [E

Rise time (s) |10e-12 H

Ve I |

Plot Channel Responses

oK Cancel Help

Apply )

23]

Waveln Tx WaveOut

B VWavaln

Analog Channel

WavaOut

| Waveln R

MATLAB EX

SWELE

4 SerDes IBIS-AMI Manager — a X
Export ‘ 18IS ‘ AMI-Tx | AMI-Rx
~ serdes_nx ~ | Node Details
~ Reserved_Parameters
AMI_version Node name | PAM4_UpperThreshoh
Init_Returns_impulse Description
Getwave_Exists Upper eye voltage threshold for
Max_Init_Agaressors waveform and eye processing
Modulation
PAM4_CenterThreshold
PAM4_UpperThreshald
Type | Float
PAM4_LowerThreshold
~ Model_Specific usage |out
v CTLE Format | Value
Mode
ConfigSelect Value |0.333
~ DFECDR
ReferenceOfieet
PhaseCfiset
Phase
WMode
~ TapWeights
1 Currentvalue  0.333

L \Tl

WaveOut

=1
L=

Pa - J —— 1\
E = *iﬁ'—_ A] = E X
Hunnl
tunction |waveUut, Contig] = steplmpl (obj,waveln)
if isSample (obj) && (modeIsFixed(ob]j) || modeIsAdapt (cbj))
$Note that step or time domain adaptation of the CTLE must be

$done in an exterior block.

GO

HEMEEXHE

CTLEParameter.Mode

CTLEMode

CTLESignal.ConfigSelect

N
I

CTLECenfigSelect

&

R

ixed (ob]j)
= obj.ConfigSelect;

privConfigInitialFlag
j .privConfigInitial = obj.ConfigSelect;

j .privConfigInitialFlag = false;

D1
Out
j .privConfigInitial = obj.ConfigSelect;
Mode CTLE
= obj.privConfigInitial;
D1
X ConfigSelect —b{ CTLESignal.ConfigSelect l
ConfigSelect bj.FilterCoefficients.np (Config+l)+1;
CTLEConfigSelect! bj .FilterCoefficients.nz (Config+l)+1; J
CTLE
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