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Injection Probe Models for CompScope

Bibhu Prasad Nayak, Principal Engineer (bibhu@simyog.com)

The Bulk Current Injection (BCl) method is widely used for RF immunity testing of automotive systems. If
detected at a late stage, compliance failures may lead to expensive redesigns and increased time to
market. Therefore, it is desirable to evaluate the chip immunity at an early design stage using simulation
methods. In general, the 3D physical model of the BCl injection probe (also referred to as injection clamp)
is not easily accessible from the manufacturer. Moreover, modeling the injection clamp along with the
device-under-test (DUT) may lead to large simulation time. An accurate circuit/electromagnetic model of
the clamp-cable configuration will enable the designer simulate BCI performance through early design
iterations.

(A) Explanation of CompScope injection clamp library model

CompScope injection clamp library uses equivalent circuit/electromagnetic models for injection clamps
generated from measurements performed on the injection clamp. For each clamp, CompScope uses 2
different network-parameter models:

l. Injection clamp to cable coupling model
The injection clamp to cable model is captured through measurement as an s3p file. This data is used to
generate applicable snp file for any multi-wire harness case using proprietary technology.

To generate the equivalent model, measurement is performed with a single small cable kept inside the
injection clamp as shown in Fig. 1. Three port measurement is performed using a network analyzer. The
portion of the cable jutting out of the injection clamp and the L-clamps are de-embedded to generate the
library s3p model for the particular injection probe.

' Cable length: 215 mm
Cable Radius:2mm

Frequency- 100KHz to
1GHz

Fig. 1. S parameter measurement with cable inside clamp
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Representative de-embedded measurement data for F140 clamp and a single cable with radius 2mm is

shown below:
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Fig. 2: Measured 3-port S-parameter data for F140

Injection clamp calibration model

The injection clamp calibration model is used for calibration to determine power level in open loop and
closed loop simulation.

To obtain this calibration model, S-parameter measurement is done with bulk current injection probe

fixture as shown in Fig. 3.
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Fig. 3. S parameter measurement with fixture
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Fig. 4: Measured 3-port S-parameter data for F140 with fixture (observe the match of S12 with
datasheet Fig 5 insertion loss)
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This data is available from the manufacturer and is optional as long as the injection clamp dimensions as
set in Table 1 is known.

[l Injection clamp datasheet

Bulk Current Injection Probe

The F-140 is used for BCI testing in accordance with
automotive specifications like SAE J15447 as well as
diagnostic bulk current testing up to 1.3 GHz. The
useable frequency range is 10 kHz to 1.3 GHz with a
typical insertion loss of 7 dB or less from 700 kHz to 500
MHz. The CW input power rating is 100 watts for a
duration of 30 minutes.
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F-140 Specifications Accessories
Frequency: 100 kHz - 1 GHz Calibration Fixture: ~ FCC-BCICF-2
Inner Diameter: 40mm Bandwidth: 100 kHz — 1 GHz
Outer diameter: 127mm
Height: 70mm Current Probe: F-61
Input Power rating: 100 watts Bandwidth: 1 MHz - 1 GHz
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m Fischer Custom Communications, Inc.

Fig 5. Example datasheet (F140)
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Any one of the following options may be used for generating data for building CompScope injection
clamp library model.

(B) Data required for building a clamp model into CompScope library

Option 1:

(1) 3D geometry (sat file) for the desired clamp

Option 2:

(1) De-embedded s3p file for injection clamp-single cable
(2) Injection clamp calibration s3p file

+

If available the datasheet of the clamp (similar to Fig. 5)

Table 1: Data required for building CompScope clamp model

Clamp Dimension

Outer Diameter of clamp

Inner Diameter of clamp

Clamp Length

Cable Cable length (if not de-embedded)

Cable radius

Height from measurement plate

L-clamp Height (if not de-embedded)

Width (if not de-embedded)

Measurement (100KHz to 1GHz) Touchstone (s3p)

Clamp calibration with fixture S3p file

Clamp to cable coupling S3p file
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