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Step 1 : Explanation of the existing test bench

H ADE L (1) - DAC_55FD0 DAC_core _tb schematic

Launch Session Setup Analyses Mariables Qutputs Simulation Results Toods Calibre Help cadence

(S =N SEE ==

Design Variables

———— — | ,Type of simulation(e.g. tran, DC)
1 | lunary 20m/64

O e 028k

3  MrPeriodsini 102

4 NrPeriodsin2 91

5 Tsim 1.024u

6 vamplin 1.2

7 VdataHigh 1.2

g VdataLow 800m E

g VicHigh 1.7 OQutputs 78 %]

L4

10 VicLow 700m /mmﬂgaﬁpr af Plot| Save i
711 out_diff k4 ally .
q\;m{ = — Outputs : can be signals or even

expressions from calculator

(e.g. Spectrum is obtained from
calculator)

; soee JAuto : . [Replace
> Results in /home/MSM1 7/simul ation/DAC_core_thi/spectre/sd | T Ot after simulation: auo. KJ  proting mode: Replace
{1[3

23) | Plotoutputs

Status: Ready | T=27 C | Simulator: spectre | State: state1_orig IJ

- How to setup the FFT (Spectrum) will be shown in the later steps
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Step 1 : Explanation of the existing test bench

m ADE L (1) - DAC 55FDO DAC_core_tb schematic
Launch Session Setup Analyses Mariables Outputs Simulation Results Tods Calibre Help cadence
[=RcEiN S NN =
Design Variables Analyse oE simulation Setup Toolbar | i e
| Type [ Enable] Arguments | Srans

Name | Value | 1 tran " 01.1u

2 iNrPeriodsClk

(4]
( 3 Werodn e E: » Given a simulation time (Tsim), you
| S o| can define the frequency of a signal
Wi 5 ©| based on the number of periods you
VdataLow 800m I_

EEE]

Vg e outputs 28x—| fitin that time frame
10 VioLow 700m B Name/Sgnal/Expr |3l Plot| Save | Save Options |
— 1 out_diff w allv
Spect .
2 Spectm _ In this example :
NrPeriodsClk
Fop=—— = 1 GHz
sim

> Results in /home/MSM1 7/simul ation/DAC_core_thi/spectre/sd | T Ot after simulation: auo Kd roting moce m_
]
2(3]) | PlotOutputs Status: Ready | T=27 C | Simulator: spectre | State:state1_orig IJ
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Step 1 : Explanation of the existing test bench

FFT relevant simulation time

ADE L (1) - DAC 55FDO DAC_cofe tb schematic

@ weads /

Design Variables / Analyse pe simprdfion settpyoolbar] \3@-9—‘;| e
——— / = '_Um o[> Total simulation time
b E: » Given a simulation time (Tsim), you
o| can define the frequency of a signal
EED ©| based on the number of periods you
e o ~— ssxe|  fit in that time frame
40 VioLow 700m Name/Sgnal/Expr |3l Plot| Save | Save Options |
_ 1 out_diff w allv
Ha _L In this example :
NrPeriodsClk
F. = = 1GHz
Tsim
> Results in /home/MSM1 7/simul ation/DAC_core_thi/spectre/sd | T Ot after simulation: o B3 piotiing modke m_
2{3]| Plot Oufputs | Status: Ready | T=27 C | Simulator: spectre | State: state1_orig IJ

- The extra time is allowed such that you avoid taking incorrect

samples for the FFT during start up of the simulation TU e Technische Unhversitelt

University of Technology

- The selection of the input frequencies will be discussed in
the following slides.
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- The selection of the input frequencies will be discussed in
the following Steps




Step 2 : How to select the input frequencies

The following example will help you understand how to setup the FFT :

Lets say : F,= 1GHz

Nfft = 1024 - This is the number of FFT points
Tsim = Nfft/F.=1.024us

Now i want to calculate the FFT of the input frequency of 353 MHz.

—> First things to consider :

a. My input frequency has to be highly uncorrelated with F,

b. I have to fit an integer number of periods within the Tsim otherwise leakage
will occur
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Step 2 : How to select the input frequencies

—> If you just use 353 MHz as an input frequency then :

NrPeriodsSinl = 1.024us*353M/s = 361.472 - Not integer - Leakage!
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Step 2 : How to select the input frequencies

- What you should do is the following :
a. NrPeriodsSinl = 1.024us*353MHz = 361.472
b. closestPrimeNumber(NrPeriodsSin) = 359
c. F = 359/1.024u = 3.505859375000000e+08

n_new

- Please keep in mind that even a single digit will make the difference in the FFT
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Step 2 : How to select the input frequencies

—> For the dual tone test :
- The second frequency should be made such that AGAIN the
NrPeriodsSin2 is integer in the relevant simulation time
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Step 3 : Measurements

- ~Click on Measurements = Spectrur
I\@ BDd e @III 9 " B x| & Qqq i a ﬁui{ _ _mfamuy B
ler 2 B [I[} subwindows: 1 n__ullll o .E = |

b i
Il Jil 222k l| Cassic
7] DAC_5SFDO DAC_core_to schematic

This is the output signal
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Step 3 : Measurements

Spectrum BEE

out diff

v

You will observe this on the right of your window

Input wave type
FFT Input methed
Start/Stop Time
Sample Count/Freq
Window Type

Plot FFT (Units)

Start/End Freq
0.0:00

Signal bins
Peak Sat. Lewel
Harmonics
Analysis Type

PlotMode

Outputs

Time Domain Waveform

Calculate Sample Frequengy
|

1024

Rectangular

Signal Analysis

‘Mew Subwind ow

»

Measurement

Signal listis empty.

Value

»

v

Drag and drop the signal into this rectangle

Start/stop time : For this example
Start = Total time — Tsim = 1.1u-1.024u = 0.076u
Stop time = Total time

Sample Count/Freq = NFFT

| ——Click this button

- And then Plot
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Step 3 : Measurements

Signal/Expr Names.

"> The spectrum appears

- The measurements SFDR
e i s SNDR ENOB e.t.c are on the
rrmrens cnssverey B Bottom right of your screen

rum_cut_diff

Start/5top Time 0.076u 110

Sample Count/Freq 1024 B 1

Window Type Rectangular '

PIOLFFT(Units) & 8 B

;?sﬁig?];,m s | o7esk 500.0M

Signal bins o B

Peak Sat. Level 0.0

Harmenics 1 B

Analysis Type }ugna\ Analysis n

Plot Mode _NEW Subwind ow n

i Plo

Qutputs

Measurement — |Value
B v"fout_diff" ...
L. ENOB 14.910583 (bits)
91.524708 (dB)
91.524708 (dB)
107.13988 (dB¢)

0 (%)
Signal P.. -12.041198(dB)
DCPower -351.12157(dB)
Moise Fl.. -130.65861 (dB)
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Step 3 : Measurements

Spectrum

out_diff

Input wave type
FFT Input method
Start/Stop Time
Sample Count/Freq
Window Type

Plot FFT (Units)

Start/End Freq
976.6 k5 00.0M

Signal bins
Peak 5at. Level
Harmonics
Analysis Type

PlotMode

Outputs

Signal/Expr Names |

Time Domain Waveform n
Calculate Sample Frequency n
L

0.076u 1.1u

1024 B 1.000G

Rectangular n

L dB n
5| 976.6k 500.0M

a

0.0

1

B

B
Signal Analysis n

ot

New Subwindow

Measurement
B wi"fout_diff"
i ENOB
i SINAD
, SNE
SFDR

— |Malue

Generic Expression

Current Expression

14.910583 (bits)
91.524708 (dB)
91.524708 (dB)
107.13988 (dB o)
Send toADE

i Neise Fl

-130.65861 (dB)

- Right click on the measurement you want
then - Send to ADE-> Generic expression

- Now what is left is to run a parametric
Frequency sweep to obtain SFDR vs
NrPeriodsSinl/Tsim (=Input Frequency).
YOU WILL VARY NrPeriodsSinl

-> If you also want the FFT setup, just click on
the FFT and then on the calculator. Copy
the expression and create a new output on
the ADEL
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Step 3 : Measurements — IMD3

- Same setup as before but now two tones input

Signal/Expr Names
out_diff

spectrum_out_diff &

Input Time Domain Waveform n

FFT Input method  Calculate Sample Frequern

PlotFFT (Uni

Start/End

9

Signal bins
Peak Sat. Lewel

Harmenics

100.0 1200
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Step 3 : Measurements — IMD3

->Tools=> Calculator

= Virtuoso (R) Visualization & Analysis XL

Rle Edit View Graph Axis Trace Marker Measurements [IGLEN Window Browser Help
(o= == =] RO ET o )8 QSRR Gy B B R IFER
4+ &2 B 0 swowingons 2 [ W | & 5 powron | Y= RS G

Browser {ZIEX] 7] DAC_5SFDO DAC_core th schematic. %

Append B = »
| |86

{DAC_core_th/spectre/schematic/p sfn =

spectrum_out_diff

¥ _.AC_core_th/spectre/schematic/psf
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Step 3 : Measurements — IMD3

—> Enter the following expression:

value(db20(dft(v("/out_diff" ?result "tran") 0.076u 1.100u 1024 "Rectangular" O
0 1)) 2*VAR("NrPeriodsIn2")/VAR("Tsim")-VAR("NrPeriodsIn1")/VAR("Tsim")

)

- Compare the result with the cursor measurement

- If its the same copy the expression then go to ADEL - right
click on the outputs - Edit :

Name: IMD3 — HF

Expression : paste the expression

Apply and OK

- Run a parametric sweep on NrPeriodsInl : Remember you
will have to keep [NrPeriodsinl-NrPeriodsIn2 | constant

—> You can do that by simply defining NrPeriodsIn2 =
NrPeriodsIn1+10(or 20 or 100 depending on the NFFT points
and the target frequency difference between the two tones)

Now you are set to GO! TU/e o o




