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This application note provides the SPICE information
necessary to accurately model system interconnect
situations for designs which utilize the MC10SX1189
Fibre Channel Coaxial Cable Driver and Loop Resiliency
Circuit.
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MC10SX1189 I/O SPICE Modelling Kit

OBJECTIVE

The objective of this kit is to provide customers with enough
circuit schematic and SPICE parameter information to allow
them to perform system level interconnect modelling for the
MC10SX1189 Fibre Channel Coaxial Cable Driver and Loop
Resiliency Circuit. This product is realized using the MOSAIC
III bipolar process which is used in Motorola’s family of high
performance ECL;  ECLinPS and ECLinPS Lite.

The kit contains representative schematics for the different
high speed I/O circuits used in the MC10SX1189. In addition a
worst case package model schematic is included for more
accurate system level modelling. The package model
represents the parasitics as they are seen on a corner pin,
which is the worst case condition for the SOIC 16. If more
typical values are desired a 20% reduction in the capacitance
and the inductance of the package model can be used. This
package model should be placed on all external inputs to the
input gates, all outputs of the output gates and on the VCC line.
If desired the model can also be placed on the GND line,
however this is not necessary due to the static nature of GND.

There is only one schematic, Figure 1, to represent the input
structure of the device. There are two basic output structures
needed to model the device.  The structure in Figure 2
represents the normal PECL output circuitry (QR) and is
intended to drive a 50 Ω transmission line. Figures 3
represents the enhanced double amplitude output (QT) used
to interface to the cable or printed circuit transmission line.

To support the wide bandwidth requirements of full rate
1063 MBaud/s data streams, the outputs have been
enhanced by using higher current levels in the output buffers.
This added current allows the parasitic capacitances of the
gate to charge and discharge more quickly, thus enhancing
the transition time performance of the device.

  
   The package model is found in Figure 4 and the ESD circuitry
is in Figure 5.  The ESD structure should be added to both the
inputs and outputs.  Finally the package model should be
included on all input and output pins and at least the VCC
power supply.

SPICE Parameter Information

In addition to the schematics, a listing of the SPICE
parameters for the transistors referenced in the schematics is
included. These parameters represent a typical device of the
given transistor size. Varying these parameters will obviously
affect the voltage levels, the propagation delays, and the
transition times of a device.  For the type of modelling for which
this information is intended, the actual propagation delay of a
device will not be modelled, as a result variations in this
parameter are meaningless.  Furthermore the voltage levels
and transition times can be more easily varied by other means.
This will be addressed in the next section.

All of the resistors referenced in the schematics are
polysilicon resistors and thus there is no need to provide
parasitic capacitance models for these resistors in the netlist.

The only devices needed in the SPICE netlist are illustrated in
the schematics.

Modelling Information

The bias driver schematics are not included as they were
deemed unnecessary for interconnect simulation, in addition
their use also results in a relatively large increase in simulation
time. Alternatively the internal reference voltages (VBB and
VCLAMP) should be driven with ideal constant voltage sources.
The following table summarizes the voltage levels for these
internal references as well typical input voltage parameters.  It
is important to note that VBB, VIL, and VIH track directly with
variations in VCC so the tables below assume that VCC = 5.0V.
The relationship is noted next to the typical vaue.ÁÁÁÁÁÁ
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The schematics and SPICE parameters provided will
provide a somewhat typical output waveshape which may not
represent the worst case system situation. Fortunately there
are some simple adjustments that can be made to the
schematics to provide output characteristics at or near the
corners of the data book specification limits.  First to adjust the
VOH level one simply needs to lower the VCC value by the
amount one wishes to alter the VOH level. This VCC adjustment
will obviously also result in a change in the VOL level. To
change the VOL level independent of the VOH level the
collector load resistors can be increased or decreased
depending on the change desired (Note: VOH will change
slightly due the the IbR drop portion of the VOH level). The VOL
can also be changed by increasing/decreasing the current in
the gate via the current source resistor. In addition to changing
the VOL level, by increasing/decreasing the gate current the
output rise and fall times will decrease/increase due to the
additional current available to charge and discharge the stray
capacitance on the collectors of the output differential pair. If
the user would like to adjust the levels and transition times of
an output gate to represent a corner of the guaranteed
specification the following sequence should be followed:

1)Adjust the gate current to produce the desired output
slew rate

2)Adjust the VCC for the desired VOH

3)Adjust the collector load resistor for the desired VOL

Summary

The information included in this kit should provide the user
with all of the information necessary to do SPICE level system
interconnect modelling.
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Figure 1. Simplified Input Schematic
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Figure 2. Simplified Normal PECL Swing Output Schematic
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Figure 3. Simplified Enhanced Swing Output Schematic
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Figure 4. Package Model Schematic

Figure 5. ESD Protection Circuitry
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APPENDIX
SPICE Transistor Model Parameters

**** 1.75u x 4.0u emitter
.MODEL TN4           NPN
+ ( IS= 5.27E–18   BF=120   NF=1   VAF=30   IKF=6.48mA
+   ISE= 2.75E–16 BR=10     NE=2   VAR=5     IKR=567uA
+   IRB= 8.1uA      RB= 461.6  RBM= 142.5  RE= 21.6  RC= 83.1
+   CJE= 19.9fF    VJE= .9     MJE= .4               XTB= 0.73
+   CJC= 25.1fF    VJC= .67  MJC= .32             XCJC= .3
+   CJS= 49.6fF    VJS= .6    MJS= .4               FC= .9
+   TF= 8pS          TR= 1nS   XTF= 10    VTF= 1.4V   ITF= 17.0mA
+   ISC= 0   EG=1.11   XTI= 4.0   PTF=0   KF=0   AF=1   NR=1    NC=2)
*

**** 1.75u x 6.0u emitter
.MODEL TN6          NPN
+ ( IS= 8.56E–18   BF=120   NF=1   VAF=30   IKF=10.5mA
+   ISE= 4.48E–16 BR=10     NE=2   VAR=5     IKR=922uA
+   IRB= 13.2uA      RB= 291.4  RBM= 95.0  RE= 13.3  RC= 62.7
+   CJE= 29.9fF    VJE= .9     MJE= .4               XTB= 0.73
+   CJC= 31.2fF    VJC= .67  MJC= .32             XCJC= .3
+   CJS= 60.9fF    VJS= .6    MJS= .4               FC= .9
+   TF= 8pS          TR= 1nS   XTF= 10    VTF= 1.4V   ITF= 27.6mA
+   ISC= 0   EG=1.11   XTI= 4.0   PTF=0   KF=0   AF=1   NR=1    NC=2)
*

**** 1.75u x 13.5u emitter
.MODEL TN13P5           NPN
+ ( IS= 2.09E–17   BF=120   NF=1   VAF=30   IKF=25.7mA
+   ISE= 1.09E–15 BR=10     NE=2   VAR=5     IKR=2.25mA
+   IRB= 32.2uA      RB= 122.6  RBM= 42.2  RE= 5.44  RC= 32.8
+   CJE= 67.4fF    VJE= .9     MJE= .4               XTB= 0.73
+   CJC= 53.8fF    VJC= .67  MJC= .32             XCJC= .3
+   CJS= 103fF    VJS= .6    MJS= .4               FC= .9
+   TF= 8pS          TR= 1nS   XTF= 10    VTF= 1.4V   ITF= 67.5mA
+   ISC= 0   EG=1.11   XTI= 4.0   PTF=0   KF=0   AF=1   NR=1    NC=2)
*

**** ESD Diode
.MODEL CBVCC D
+ (IS= 1.00E–15  CJO= 527fF  Vj= 0.545  M= 0.32  BV= 14.5  IBV= 0.1E–6
+ XTI= 5  TT=1nS)
*

**** Output Emitter Follower
.MODEL TNECLIPS           NPN
+ ( IS= 2.27E–16   BF=120   NF=1   VAF=30   IKF=279mA
+   ISE= 1.19E–14 BR=10     NE=2   VAR=5     IKR=24.4mA
+   IRB= 349uA      RB= 15.98  RBM= 4.17  RE= .501  RC= 11.1
+   CJE= 611fF    VJE= .9     MJE= .4               XTB= 0.73
+   CJC= 440fF    VJC= .67  MJC= .32             XCJC= .3
+   CJS= 668fF    VJS= .6    MJS= .4               FC= .9
+   TF= 8pS          TR= 1nS   XTF= 10    VTF= 1.4V   ITF= 733mA
+   ISC= 0   EG=1.11   XTI= 4.0   PTF=0   KF=0   AF=1   NR=1    NC=2)
*
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**** Output Emitter Follower
.MODEL TNECLIPS           NPN
+ ( IS= 2.27E–16   BF=120   NF=1   VAF=30   IKF=279mA
+   ISE= 1.19E–14 BR=10     NE=2   VAR=5     IKR=24.4mA
+   IRB= 349uA      RB= 15.98  RBM= 4.17  RE= .501  RC= 11.1
+   CJE= 611fF    VJE= .9     MJE= .4               XTB= 0.73
+   CJC= 440fF    VJC= .67  MJC= .32             XCJC= .3
+   CJS= 668fF    VJS= .6    MJS= .4               FC= .9
+   TF= 8pS          TR= 1nS   XTF= 10    VTF= 1.4V   ITF= 733mA
+   ISC= 0   EG=1.11   XTI= 4.0   PTF=0   KF=0   AF=1   NR=1    NC=2)

Motorola reserves the right to make changes without further notice to any products herein.  Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specifically disclaims any and all liability, including without limitation consequential or incidental damages.  “Typical” parameters can and do vary in different
applications.  All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts.  Motorola does
not convey any license under its patent rights nor the rights of others.  Motorola products are not designed, intended, or authorized for use as components in
systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of
the Motorola product could create a situation where personal injury or death may occur.  Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
Motorola and      are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.
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