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Program ICS Version 1.2

User’s Guide

Program ICS (IBIS Circuit Simulator) is intended for frequency-domain signal integrity and crosstalk analyses. In IBIS circuit (see Fig. 1), the buffers of digital ICs (nonlinear conductances Yd and Yu and linear three-terminal networks Par, containing parasitics) are given by IBIS (I/O Buffer Information Specification).

ICS allows using adequate frequency-domain models for interconnects and systems of electromagnetically interacting interconnects, given by Y‑parameters (see models of N+1-terminal network in Table 1). These Y‑parameters may be EM simulated or calculated with help of measured S‑parameters. ICS uses program YPC (Y-Parameters Calculator) Version 1.2.

                    Vcc             3                                   3K              Vcc


    Yu[V1(t)]          Par                                                  Par           Yu[VK(t)]

                                    Sig                                   Sig

                       #1          $1    Linear Subcircuit    $K         #K

    Yd[V1(t)]                    2                                    3K-1                Yd[VK(t)]


                    Vss             1                                    3K-2           Vss

                                                            0


Fig. 1. Supported circuit: K is the number of buffers (drivers and receivers), Sig are signal nodes (they have double numbering)


YPC calculates Y-parameters of Linear Subcircuit (containing interconnects) in accordance with a description of its equivalent circuit for a sequence of frequencies. This description is at the beginning of text file circuit, which is input file of ICS. The library of elements (see Table 1) is used.


The top of file circuit must contain:

1. el = 1 2 3 4 ... - numbers of Linear Subcircuit’s elements (this item may be absent);

2. mo - array, where value № el is index of model for element № el (the beginning must be mo=);

3. no - array, where subarray № el consists of nodes for element № el (the beginning must be no=);

4. pa - array, where subarray № el consists of parameters for element № el (the beginning must be pa=);

5. T - period in nanoseconds (the beginning must be T=);

6. M - number of points on period without 0‑point (the beginning must be M=).

Library of Linear Elements                             Table 1

Index of model
Name of element
Sequence of nodes
Parameters of model, their units

0
Resistance
  1                  2
Resistance ≥ 10-6, Ω

1
Conductance
  1                  2
Conductance ≤ 106, S

2
Inductance & Resistance
 1                     2

1. 
2. Inductance, nH

3. Resistance ≥ 10-6, Ω

3
Capacitance
   1                2
Capacitance, pF

12
Single-wire transmission line
   1              2

1.           3
2. L, nH/m –inductance per unit length

3. C, pF/m –capacitance per unit length

4. R, Ω/m –resistance per unit length

5. G, S/m –conductance per unit length

6. Total length, m 


98


N+1-terminal network
1                     N

+                     +

          _  N+1
Name of Touchstone file with Y-parameters for frequencies 0, 1/T, 2/T, … M/(2T), ...

Supported:

# ghz y ma


99


N+1-terminal network
1                     N

+                     +

          _  N+1


1. Name of Touchstone file with Y-parameters for DC (0‑frequency)

2. Name of Touchstone file with Y-parameters for frequencies 1/T, 2/T, … M/(2T), ...

Supported:

# ghz y ma

The nodes of the Linear Subcircuit must be numbered as follows (K is the number of buffers):

· 0 ‑ number of grounded internal node(s);

· 1, 2, 3, ... 3k-2, 3k-1, 3k, … 3K-2, 3K-1, 3K ‑ numbers of external nodes (poles), which are not grounded;

· 3K+1, 3K+2, … ‑ numbers of internal nodes, which are not grounded.

External and internal nodes 1, 2, 3, 4, … must be connected with 0‑node(s) through elements of Linear Subcircuit. The results of running YPC, being used by ICS, are in text file ypar. It contains given description of Linear Subcircuit and matrices of calculated Y-parameters.

Example of Linear Subcircuit (with numbered elements and nodes) is in Fig. 2. Its description is in example of file circuit.

For descriptions of the drivers and receivers in file circuit, IBIS command is used. Its specification is as follows:

ibis#k PoleVss PoleSig PoleVcc

+ IBIS file name

+ Component name

+ TYP/MIN/MAX ‑ type of data

+ P=PinName/S=SignalName

+ Value of Vss in volts

+ Value of Vcc in volts

+ L/H ‑ low/high state at 0‑moment (for driver)

+ Moment of starting switch from low to high (if L) or from high to low (if H) in nanoseconds (item MSS for driver)

+ Following moment of starting switch from high to low (if L) or from low to high (if H) in nanoseconds (item FMSS for driver) 

end

Above:

· Integer k is number of the IBIS command (1 ≤ k ≤ K), PoleVss = 3k-2, PoleSig = 3k-1 and PoleVcc = 3k are numbers of corresponding Linear Subcircuit’s poles;

· PinName and SignalName are Pin and Signal names respectively;

· Pair of items MSS and FMSS gives the sequence of switches, this pair may be absent (when the driver is in high or low state during all period) or several pairs may be.


After all IBIS commands, comment must be. Next lines of file circuit may be used for comment.

The results of running ICS (time dependencies of electrical potential for signal nodes $1, $2, ... and $K and nodes #1, #2, ... and #K and of conductances Yd and Yu, see Fig.1) are in text file timedep. Useful information is in file screen too.

    6                                                                                                            12


                5                                          9                                         6
    5                                                                                                             11


    4                                                                                                             10

        7                                                                                                    8
    3                                                                                                             9


                1                                                                                     2
    2                                                                 13        10                            8



    1                                                                                                             7

        3                                                                                                    4
Fig. 2. Example of Linear Cubcircuit with 12 poles: numbers of elements are in italics

Example of file circuit with two drivers (IBIS commands # 3 and # 2) and two receivers (IBIS commands # 1 and # 4):

el= 1   2   3   4   5   6     7    8    9           10

mo= 0   0   1   1   0   0     1    1    99          12

no= 3 2 9 8 1 0 7 0 6 5 12 11 4 0  10 0 2 13 5 11 0 13 8 0

pa= 1e6 1e6 1e6 1e6 1e6 1e6   1e6  1e6  s0 sonnet.d 500 800 30 .06 .1

T=15

M=75

ibis#3 7 8 9

+ Vl535.ibs

+ vl82C535

+ TYP

+ P=113

+ 0

+ 3.3

+ L

+ 1

+ 3

end

ibis#2 4 5 6

+ Vl535.ibs

+ vl82C535

+ TYP

+ S=MD[1]

+ 0

+ 3.3

+ L

+ 1

+ 3

end

ibis#1 1 2 3

+ lcx125.ibs

+ MC74LCX125

+ MAX

+ P=10

+ 0

+ 3.3

end

ibis#4 10 11 12

+ lcx125.ibs

+ MC74LCX125

+ MAX

+ P=13

+ 0

+ 3.3

end

comment


In the example, Touchstone file sonnet.d contains frequency dependencies of Y-parameters for 5-terminal network (element 9 in Fig. 2). This file is the result of EM simulation of two interacting interconnects by program Sonnet Lite of Sonnet Software, Inc.

Excel chart for some results of running ICS is in Fig. 3. $3 and $1 are signal nodes of driver and receiver respectively (see IBIS commands # 3 and # 1 in the example of file circuit). The second pulse of V$3 came from the receiver after reflection (total delay of transmission line 10 and transmission line, containing in element 9, is about 5 ns).


Fig. 3. Time dependencies of electrical potentials for

signal nodes $3 and $1: time is in nanoseconds

Notes:

1. In input and output files, small and capital letters have identical significance.

2. When no scaling factors are specified, the appropriate base units of SI are assumed.

3. IBIS Version 1.1 is supported. If you use Version 2.1, the rise and fall times will be calculated with help of Waveforms. Later versions of IBIS were not used for testing ICS.

4. For running ICS, program ics.exe must be executed. Program ypc.exe will be executed automatically.

5. If MIN or MAX values or functions are not available, corresponding TYP data are used.

6. If you have problems about ICS, write please: G.Garber@g23.relcom.ru.

Gennadiy Garber

11 September, 2000
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timedep_rus

		Time,ns		V$1		V#1		Yd#1		Yu#1		V$2		V#2		Yd#2		Yu#2		V$3		V#3		Yd#3		Yu#3		V$4		V#4		Yd#4		Yu#4

		0		0		0		0		0		0		0		0		0		-0		-0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		-0		-0		0		0		0		1		0		0

		0		0		0		0		0		0		0		0		0		0		-0		0		0		0		0		0		0

		1		0		0		0		0		0		0		0		0		0		-0		0		0		0		-0		0		0

		1		0		0		0		0		0		0		0		0		0		0		0		0		-0		-0		0		0

		1		0		0		0		0		0		0		0		0		-0		0		0		0		-0		-0		0		0

		1		0		0		0		0		-0		1		0		0		-0		0		0		0		-0		0		0		0

		1		-0		-0		0		0		1		2		0		0		1		1		0		0		0		0		0		0

		2		-0		-0		0		0		1		2		0		0		1		2		0		0		0		0		0		0

		2		0		-0		0		0		1		1		0		0		1		1		0		0		0		0		0		0

		2		0		0		0		0		0		0		0		0		1		1		0		0		0		-0		0		0

		2		0		0		0		0		0		0		0		0		1		1		0		0		0		-0		0		0

		2		0		0		0		0		1		1		0		0		1		1		0		0		0		0		0		0

		3		0		0		0		0		1		1		0		0		1		1		0		0		0		0		0		0

		3		0		0		0		0		1		1		0		0		1		1		0		0		0		0		0		0

		3		0		0		0		0		1		1		0		0		1		1		0		0		0		0		0		0

		3		0		0		0		0		0		-0		0		0		1		0		0		0		0		0		0		0

		3		0		0		0		0		-0		-1		0		0		0		-0		0		0		0		0		0		0

		4		0		0		0		0		0		-0		0		0		0		-0		0		0		0		0		0		0

		4		0		0		0		0		0		-0		0		0		-0		-0		0		0		0		0		0		0

		4		0		-0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		4		-0		-0		0		0		-0		0		0		0		-0		-0		0		0		0		0		0		0

		4		0		0		0		0		-0		0		0		0		-0		-0		0		0		0		0		0		0

		5		0		0		0		0		-0		-0		0		0		0		-0		0		0		0		0		0		0

		5		-0		0		0		0		0		-0		0		0		0		0		0		0		1		0		0		0

		5		-0		-0		0		0		0		-0		0		0		0		0		0		0		1		1		0		0

		5		-0		-0		0		0		0		0		0		0		0		0		0		0		2		2		0		0

		5		-0		-0		0		0		0		0		0		0		0		0		0		0		2		3		0		0

		6		-0		-0		0		0		-0		0		0		0		0		0		0		0		1		2		0		0

		6		0		0		0		0		-0		-0		0		0		-0		-0		0		0		1		1		0		0

		6		0		0		0		0		0		-0		0		0		-0		-0		0		0		1		-0		0		0

		6		0		0		0		0		0		0		0		0		-0		-0		0		0		1		0		0		0

		6		0		0		0		0		0		0		0		0		-0		-0		0		0		1		1		0		0

		7		0		-0		0		0		0		0		0		0		-0		-0		0		0		1		2		0		0

		7		1		-0		0		0		0		0		0		0		-0		-0		0		0		1		1		0		0

		7		1		1		0		0		0		0		0		0		-0		-0		0		0		0		0		0		0

		7		2		2		0		0		0		0		0		0		-0		-0		0		0		-0		-1		0		0

		7		2		3		0		0		0		0		0		0		-0		-0		0		0		-0		-1		0		0

		8		2		3		0		0		0		0		0		0		0		-0		0		0		-0		-0		0		0

		8		2		2		0		0		0		0		0		0		0		0		0		0		-0		0		0		0

		8		2		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		8		2		1		0		0		1		0		0		0		-0		-0		0		0		0		0		0		0

		8		2		2		0		0		1		1		0		0		0		0		0		0		0		-0		0		0

		9		1		2		0		0		1		1		0		0		0		0		0		0		-0		-0		0		0

		9		1		1		0		0		1		1		0		0		-0		0		0		0		-0		-0		0		0

		9		1		0		0		0		1		1		0		0		0		-0		0		0		-0		0		0		0

		9		0		-0		0		0		1		1		0		0		0		0		0		0		-0		-0		0		0

		9		-0		-1		0		0		1		1		0		0		0		0		0		0		0		-0		0		0

		10		-0		-0		0		0		0		1		0		0		-0		0		0		0		0		0		0		0

		10		-0		-0		0		0		0		0		0		0		-0		-0		0		0		0		0		0		0

		10		-0		0		0		0		0		0		0		0		0		-0		0		0		0		0		0		0

		10		0		0		0		0		1		0		0		0		-0		-0		0		0		0		0		0		0

		10		0		0		0		0		1		1		0		0		-0		-0		0		0		0		0		0		0

		11		-0		-0		0		0		0		0		0		0		0		-0		0		0		0		0		0		0

		11		-0		-0		0		0		-0		0		0		0		-0		0		0		0		0		0		0		0

		11		-0		-0		0		0		-0		-0		0		0		-0		-0		0		0		0		0		0		0

		11		-0		-0		0		0		-0		-0		0		0		-0		-0		0		0		0		0		0		0

		11		-0		-0		0		0		0		-0		0		0		0		-0		0		0		0		0		0		0

		12		-0		-0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		12		-0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0

		12		-0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0

		12		-0		-0		0		0		-0		0		0		0		0		0		0		0		1		0		0		0

		12		-0		-0		0		0		-0		-0		0		0		0		0		0		0		1		0		0		0

		13		-0		-0		0		0		0		-0		0		0		0		0		0		0		1		1		0		0

		13		-0		-0		0		0		0		0		0		0		1		0		0		0		0		1		0		0

		13		0		0		0		0		0		0		0		0		1		1		0		0		0		0		0		0

		13		0		0		0		0		0		0		0		0		1		1		0		0		0		-0		0		0

		13		0		0		0		0		0		0		0		0		1		1		0		0		0		-0		0		0

		14		0		-0		0		0		0		0		0		0		1		1		0		0		0		0		0		0

		14		0		-0		0		0		0		0		0		0		1		1		0		0		0		0		0		0

		14		0		0		0		0		0		0		0		0		1		1		0		0		0		1		0		0

		14		0		0		0		0		0		0		0		0		1		1		0		0		-0		0		0		0

		14		0		0		0		0		0		0		0		0		1		1		0		0		-0		-1		0		0

		15		0		0		0		0		0		0		0		0		0		0		0		0		-0		-1		0		0

		15		0		0		0		0		0		0		0		0		-0		0		0		0		-0		-0		0		0

		15		0		0		0		0		0		0		0		0		-0		-0		0		0		0		0		0		0
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