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Motivation & Target SVI

BApply wreal data type to provide a efficient
modeling approach for PLL System

BMap analog specification to event driven
domain

mAllow rough performance analysis

BEnsure Mixed-Level simulation capability

AT - Modulator Input
Modulator
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Event driven loop filters

g\;:i

BMap the analog specification in frequency
domain to event driven time domain

BNon uniform sampled filters a
Euler Methods

oplying forward

Non uniform sampled Uniform sampled
implementation: implementation:
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Loop filter: Accuracy comparison SVI
AC characteristics
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VCO: Model implementation SVI

BFrequency & tuning range

BPhase noise

[1Equivalent accumulating jitter in time domain
[1Covers -30dB/dec & -20dB/dec regions
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VCO: Phase noise simulation result SVI

L(f) (dBc/Hz)
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offset
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VCO: Phase model noise implementation SVI

BCross() function is most time critical during
simulation

m\Worst case: bound_ step has to be used to
ensure correct cross() detection
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VCO: Wreal model noise implementation SVI

BNo timer() or cross() functions

BEnsure the appropriate timescale is selected
In order to map the jitter specification

correctly
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VCO: Comparlson of wreal and phase model S’\l

AR | A 5 AR e Phase Model
TOO A A S - ——_Wreal Model
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Offset Frequency (Hz)
M Free running VCOs @1 GHz, -90 dBc/Hz @ 1MHz offset
B 10M oscillations are simulated

B Phase model requires 8 min. with wreal model reduced to 31sec.
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Divider S’\ISI

BSynchronous jitter implementation based on
transistor level spec

B Suitable for hierarchical switching between
transistor and model level

=» Divider 1s not embedded in the VCO model

= Capable to explorer different divider
architectures
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Divider S’\%

B There are no wreal/logic connect modules

W2 possibilities for edge detection:

[dUse internal digital wire

LIPure wreal implementation




Delta Sigma Modulator
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B The signal flow is modeled based on the

transfer function of the modulator

EDithering using 15bit Linear-Feedback-Shift-
Register (LFSR), In order to reduce Spurious

emission
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Delta Sigma Modulator: Dithering structure SV
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LSB

BThe LSFR can be implemented pure digitally
or using wreal

B Output of LSFR is applied into the first
accumulator of the Delta Sigma Modulator
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Delta Sigma Modulator: Noise contribution SVI
Phase no

ISe and spurious emission evaluation
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B Clock rate: 13 MHz

B Further noise sources in the PLL are not taken into
account
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PFD Isl\ﬁ

MPure digital

Implementation | |
BSynchronous jitter i | ;4 ,
BDelay time based on : | —

spec, In order to map A

the correct linear

region of PFD ; A
BReduced linear region delay 2T fref

of PFD slows down the
locking process
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Application example SVI

B Atmel Tire Pressure Monitoring (TPM) transmitter
B Dual path, Fractional-N structure

B All parameter extractions are based on transistor
level SPICE simulation

B PLL output: 433 MHz, Ref: 13 MHz
B Phase noise @ 1MHz offset: -90 dBc/Hz
M Lock In time < 100 us

B Refined models are used for mixed-level simulations
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Simulation result SVI

Lock-in process
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M For 100 us, the simulation requires less than 1 min.
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Simulation result

L(f) (dBc/Hz)

Overall phase noise and spurious emission evaluation
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B Simulation and evaluation take 2h for 26M oscillations
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Conclusions SVI

B Successfully modeled the PLL using wreal data
type

B The models are more efficient than phase
model for noise and spurious emission
estimation

B Transistor level block can be verified using
mixed level simulation

B The application example shows feasibility of
Integrating the method into industrial design
flow



Thank you

BBBBBB



INS

Silicon measurement results S [

PHOISE_FC_25kK_435_2 CC

Mittelwert: -223 6763
Standardabw.; 1.55544
cph: 1.45217

G Sigma: -86.6229 -20.2511

PNOISE_FC_200K_433_2_CC

Mittelwert: -78. 3158
Standardabum.; 026043
cph: 134997

G Sigma: -81.1644 -75. 4756

PNOISE_FC_1M_433_2_CC

Mittelwert: -93 6526
Standardabum.; 04552353
cph: 6.44379

G Sigma: -96 3057 -90.9733

-100.78 10507 -100.25 -05 642 00027 -26.212 -81.407 -76 782 72067 -67.252 -B2 637 57022 53207 -42.402 .43 777

Spec:-28.00000 Spec-T5.890000
Beruecks, 42025428

-102.27 -101 16 -00.055 -06 045 -04.835 02 725 00615 -28 505 86205 -24 285 -22 174 -20 065 77 055 -75.845 72735

Spec-92.00000 Spec-50.25000
Beroecks, 47abng3e

Spec-105.0000 Spec-24.25000
Berueds, 47855428

410,03 -108.02 -106.00 -102.99 -101.97 -00.062 -07.947 -05.022 -02.017 -01.002 -80.867 -87.672 -95.957 -93.942 -51.827
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0
Charge pump current SVI
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Timescale SVI

Timescale:

Expressions
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