Power Distribution and Substrate Noise
Coupling Investigations on the Behavioral
Level for Photon Counting Imaging Readout
Circuits

Jan Lundgren, Suliman Abdalla, Mattias O Nils, Bengt Oelmann

{4

ELEC RO ngs 2006-07-18 Jan Lundgren Mittuniversitetet
es s

IIIIIIIIIIIIIIIIIII




Outline

* Funcionality — Why do we need the model?
* Model description

e Simulation procedure

e Simulating in SystemC

e Simulation examples

e Conclusions

e Future work

L4

ELEC RONI ) S 2006-07-18 Jan Lundgren Mittuniversitetet
es n

MID SWEDEN UNIVER SITY




Funcionality - Why do we need the model?

Problem scenario Problem scenario
Problems with noise coupling Problems with noise coupling
are discovered after the chip are suspected to occur in an
IS constructed. ongoing design.

Costly design iterations All available design

follow with little guarantee precautions are taken to make
that the problems have been sure the problems are gone.
corrected. This may introduce

unnecessary processing steps.
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BeNoC model description

Noise models

Noise coupling
simulation wrapper

Impact ionization| |Capacitive coupling

AN /
N /

Noise injection
/ AN

Physical properties / \

Substrate model Power distribution model
\ [

Final noise spread
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Simulation procedure

.................
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Generate netlist and start simulator

Power distribution network

mi1l| m2 || M3 e—T— Virtual layout

<-- Technology
parameters

Analog block

Digital block 7 o 2\
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Noise levels for each node

Basic simulation Refined simulation

Add noise coupling
wrappers

Add floorplan/layout

Add technology
parameters

Start simulation
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Simulating In SystemC

/l cntl6.h

#include "systemc.h"

#include “benoc.h”

SC_MODULE(cnt16) {

16 sc_in<sc_logic> rst;
cn . sc_in<bool> clock;

clk ety (](15::0) sc_out<sc_lv<16> > cnt;

rst - ScC_uint<16> temp;

) BENOC_SIM_PORTS;

void count();

SC_CTOR(cnt16) {

@ SC_METHOD(count);

sensitive << rst;
[ \ sensitive_pos << clock;
I BENOC_SUBSTRATE;
T Cgate \

BENOC_POWER_DIST;
| v sensitive << clock;

temp = 0;

Noise coupling simulation wrapper

Vudd lvdd Ignd )
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Simulation examples
Example of injection noise from single inverter

0.8u technology with Vdd=3V
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Simulation examples
With power distribution noise coupling
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Simulation examples

Without power distribution noise coupling
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Simulation examples
Without power distribution noise coupling
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Conclusions
Modelling

e The functionality and necessity of the Behavioral level
Noise Coupling (BeNoC) simulation method has been
discussed.

« With this new method it is possible to anticipate noise
coupling problems in a mixed-signal design at an early
level without significantly increasing the design time.
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Future work

« Enhance the usability of the SystemC test case
application, i.e. make it more user friendly.

* Increase accuracy of specific submodels, such as
substrate extraction.
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