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Abstract:

Modern electronic products are under very heavy pressure of 

losing further electrical test access at in-circuit test (ICT) due to 

product miniaturization and sophistication, and hence a means  

of assuring the quality of the product. This is ironic considering  

that this trend is driven by consumers’ insatiable need for better 

performance in acceptable form factors. Many of the tools  

available for limited access testing which were  previously 

predominantly used in higher end products now ind themselves 
being applied even on consumer products. At the same time, new 

technologies have been developed to complement existing ones. 

This means users today have an arsenal of tools at their disposal. 

This article will introduce the seven most prominent and effective 

ones collectively known as the Keysight Medalist i3070 ICT  

Super 7 suite. 



Introduction

In Circuit Testing (ICT) is synonymous to Bed of Nail testing where a printed circuit board assembly 

(PCBA) is being tested using a test probe and ixture (see igure 1).  The test probe on the ixture will 
have to make contact on the PCBA through a test point. The ICT rule of thumb is that every device pin 

or node connection in the PCBA requires a test point (see igure 2). However this has always been a 
challenge. This is because current PCBA technologies like differential high speed signals and shrinking 

PCB sizes are making it harder to put test point in every nodes or device pin in the PCBA.

Figure 1. In-circuit Test method showing a test point, test probe and a 
ixture (Bed of Nail) used to test a device or PCBA.

Figure 2. PCBA with test point and bead probe.
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The Keysight Technologies, Inc.

Medalist i3070 ICT platform’s most 

comprehensive limited access 

offers seven powerful test tools 

and methodologies to help users 

overcome challenges caused by 

limited access. This Super 7 suite 

consists of the following:

1. Access Consultant

2. Bead Probe

3. Cover Extend

4. Drive Thru

5. IEEE 1149.1 Boundary Scan  

6. IEEE 1149.6 Boundary Scan

7. Silicon Nails

This case study examines how, 

without sacrificing test coverage, the 

Super 7 suite on the Medalist i3070 

can boost in-circuit test performance 

to help ensure better board quality.

Two board types are used for this 

case study: 

1. Board A – high-end low-volume  

 network switch PCBA 

2. Board B - high-volume consumer  

 PCBA

Note: See Table 1 for nodes details of 

the board.

Cutting down on nodes
In the first step, the boards are analyzed 

using the Keysight Access Consultant 

to identify nodes that can be removed 

without sacrificing test coverage. 

The Keysight Access Consultant 

analyze the PCBA board information 

and identifies nodes that will be 

able to removed test probes without 

sacrificing the test coverage (see 

figure 3). 

The following files are needed to run 

Keysight Access Consultant:

1. “Board” – Keysight Medalist  

 i3070 file format which contains  

 the board device information and  

 node connection.

2. “board_xy” - Keysight Medalist  

 i3070 file format which contains  

 the board device xy coordinates  

 and node accessible information.

3. Config file - Keysight Medalist  

 i3070 file format which contains  

 the system configuration and  

 enabled test techniques.

4. Digital libraries – Digital device  

 test library

5. BSDL file for boundary scan device 

The Keysight Access Consultant 

analyzes probe requirements by 

selecting the analysis mode and test 

technique. In this case, the analysis 

mode selected for both board A 

and B is “Update (Allow Change to 

Probe Access)” (see figure 3). This 

will analyze the test techniques 

installed and enabled in the board 

directory  ‘config’ file. The ‘board_xy’  

file contains the list of  accessible 

nodes which you can use the Access 

Consultant to mark nodes for access 

removal by selecting them under 

“Probe Access”.  When you click 

“Update”, the data in the Board 

Consultant will be updated. Upon 

selecting “Save Board Information”, 

the ‘board_xy’ file will show 

“REMOVE_PROBE” for the nodes  

you marked.

Table 1. Number of nodes for board A and board B.

  
Number  

of Nodes   
Remark

Board A 3312 Low Volume 

High End PCBA

Board B 479 High Volume 

Low Cost PCBA

Figure 3. Keysight Access Consultant probe requirements analysis tool
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The test techniques  
selected for boards A and B 
are as follows:

1. Keysight Interconnect plus  

 (1149.1 and 1149.6)

2. Keysight Silicon Nail

3. Keysight Cover-Extend 

4. Keysight Drive Thru

The Keysight Access Consultant 

probe analysis shows a nodes 

reduction of 1418 nodes for board 

A (see graph 1) and 166 nodes (See 

graph 2) for board B. See tables 2  

and 3 for details of the suggested 

probe removal per test techniques.

The high-end board A with a total 

accessible nodes of 3312 has the 

most number of nodes removed using 

Keysight Interconnect plus (Boundary 

Scan) with a combination of both IEEE 

1149.1 and IEEE 1149.6 capabilities.   

There are a total of 14 devices for 

board A connected on a single 

boundary Scan chain which maximize 

the number of nodes in interconnect 

coverage (see table 2). The majority of 

differential nodes are still on the IEEE 

1149.1 standard as the devices used 

on these differential signals are not 

compliant to IEEE 1149.6 standards 

(see graph 1). However, this is set 

to change as manufacturers use 

more and more 1149.6-compliant 

high speed differential devices to 

extend coverage of boundary scan 

interconnects on high 

speed differentials.

Results from running the Keysight 

Cover-Extend and Silicon Nail 

analyses for board A show only 70 

and 22 probes respectively suggested 

for removal. This is mainly because 

board A has only three connectors 

targeted for Cover-Extend testing and 

one device for Silicon Nail testing. 

However, the potential for further 

Cover-Extend application is highly 

attractive for high-end server boards 

where PCI Express, DDR connectors, 

and CPU sockets are most  

commonly used.

Graph 1. Total differential nodes for board A.

Table 2. Access Consultant analysis on board A

Test Techniques Number of Nodes Remarks

Boundary Scan 

Interconnect

644 IEEE 1149.1 and 1149.6

Cover Extend 70

Silicon Nail 22

Drive Thru 718

Total nodes 1418 Total nodes candidate for removal
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Graph 2. Board A shows nodes removed after Super 7 analysis.

Graph 3. Board B shows nodes removed after Super 7 analysis

The Keysight Drive Thru feature 

provides a much greater probe 

reduction of 718 as most of the 

devices and connectors signals on 

board A are in series with analog 

components such as resistors, 

capacitors, inductors and jumpers. 

The Drive Thru test is able to 

reduce one probe for every analog 

component. Take note that Keysight 

Drive Thru only tests for presence 

of the analog components during 

unpowered vectorless testing using 

Keysight VTEP technology.

Overall, the total probe reduction 

of 1,418 (see graph 2) will help the 

PCBA designer to allocate test points 

where they are most needed.  The 

manufacturing test process will also 

benefit with  better coverage and 

reduced fixture and system costs.

The low-cost high volume consumer 

board B with only one single 

boundary scan device does not 

benefit from the boundary scan 

interconnect limited access capability. 

However, using Keysight Cover-Extend 

feature, it shows a significant 

reduction of 76 probes while Keysight 

Silicon nails and Keysight Drive thru 

feature contribute reductions of 37 

and 63 probes respectively (see table 

3 and graph 3).

Table 3. Access Consultant analysis on Board B

Test Techniques No of Nodes Remark

Boundary Scan 

Interconnect

Not Applicable Single Boundary scan Device only

Cover Extend 76

Silicon Nail 37

Drive Thru 63

Total nodes 166 Total nodes candidate for removal
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In the past, manufacturers of low-cost 

consumer PCBAs had no problems 

with test probe reductions. However, 

the current trend shows increasingly 

implementation of high-speed 

differential signals, embedded traces, 

and smaller sized PCBAs, which will 

demand fewer test points, thus posing 

challenges to the value of ICT testing. 

The Keysight Super 7 limited access 

suite will be able to recover the test 

coverage lost due to the reduced 

test points on low cost high volume 

PCBAs. The reduction of test points  

on PCBA will also benefit in terms  

of lower fixture cost and ICT  

digital resource requirements (See 

Table 5), not to mention lower  

maintenance cost.

Bead Probe

One last dilemma for the test engineer 

is the case where a probe is really 

needed to test a device but a test 

point is not possible due to high speed 

signal limitation. The other case where 

bead probe will be able to help on 

fixture cost reduction is to replace 

testpoint that requires 50 or 39 mils 

probes in the fixture using bead probe 

which use 100 or 75 mil flat head test 

probes  (See Table 6).

Note: Cost calculation based on 

assumption that 100/75 mil probe cost 

US5 per probe and 50/39 mil probe 

US$10 per probe. 
Summary
By using the Keysight Super 7 suite 

of tests for limited access boards, it 

can be seen that the total number of 

probes can be significantly reduced 

on both board A (high-end PCBA) and 

board B (low-cost high-volume PCBA). 

This will help to reduce fixture costs, 

digital requirements for ICT and also 

lower maintenance costs.

These limited access solutions for in-

circuit testing of PCBAs will no longer 

be confined to only high-end PCBAs as 

more designers will be forced to adopt 

high-speed differential signals and 

work within the confines of smaller 

PCB footprints with embedded trace 

and components.

Table 4. Number of nodes removed on Board A & B after Super 7 analysis.

  No. of Nodes  

(Before Super 7)

Nodes removed 

(Super 7)

Total Nodes 

(After Super 7)

Remark

Board A 3312 1418 1894 Low-volume,  

high-end PCBA

Board B 479 166  313 High-volume,  

low-cost PCBA

Table 5. Fixture and Keysight i3070 Medalist hybrid card cost savings for boards A and B.

Nodes 

removed 

(Super 7)

Fixture cost  

saved

Hybrid Card  

saved  

Remark

Board A 1418 1418 probes /

receptacle /

Personality pins  

( US$7090 )

9 Hybrid 

Cards 

( US$126k )  

Assume US$5 per probe 

removed on fixture

Board B 166 166 probes /

receptacle /

Personality pins  

( US$830 )

1 Hybrid 

Card 

( US$14k )

1 hybrid card = 144 hybrid 

nodes = US$14k

Table 6. Test probe cost savings for boards A and B using bead probe

50 mils/39 mils (test probe) 100 mils (Flat head test probe)   

Board A 206 (US$2060) US$1030

Board B 152 (US$1520) US$760  



myKeysight

www.keysight.com/find/mykeysight

A personalized view into the information most relevant to you.

Three-Year Warranty

www.keysight.com/find/ThreeYearWarranty

Keysight’s commitment to superior product quality and lower total cost 

of ownership. The only test and measurement company with three-year 

warranty standard on all instruments, worldwide.

Keysight Assurance Plans

www.keysight.com/find/AssurancePlans

Up to five years of protection and no budgetary surprises to ensure your 

instruments are operating to specification so you can rely on accurate 

measurements.

Keysight Channel Partners

www.keysight.com/find/channelpartners

Get the best of both worlds: Keysight’s measurement expertise and product 

breadth, combined with channel partner convenience.

www.keysight.com/find/vtep

07 | Keysight | Medalist i3070 In Circuit Test – Utilizing the most comprehensive Limited Access Solution on In Circuit Test - Case Study

This information is subject to change without notice.
© Keysight  Technologies, 2009 - 2014
Published in USA, July 31, 2014
5990-3741EN
www.keysight.com

For more information on Keysight 

Technologies’ products, applications or 

services, please contact your local Keysight 

office. The complete list is available at:

www.keysight.com/find/contactus

Americas 

Canada (877) 894 4414
Brazil 55 11 3351 7010
Mexico 001 800 254 2440
United States (800) 829 4444

Asia Paciic
Australia 1 800 629 485
China 800 810 0189
Hong Kong 800 938 693
India 1 800 112 929
Japan 0120 (421) 345
Korea 080 769 0800
Malaysia 1 800 888 848
Singapore 1 800 375 8100
Taiwan 0800 047 866
Other AP Countries (65) 6375 8100

Europe & Middle East
Austria 0800 001122
Belgium 0800 58580
Finland 0800 523252
France 0805 980333
Germany 0800 6270999
Ireland 1800 832700
Israel 1 809 343051
Italy 800 599100
Luxembourg +32 800 58580
Netherlands 0800 0233200
Russia 8800 5009286
Spain 0800 000154
Sweden 0200 882255
Switzerland 0800 805353

Opt. 1 (DE)
Opt. 2 (FR)
Opt. 3 (IT)

United Kingdom 0800 0260637

For other unlisted countries:

www.keysight.com/find/contactus

(BP-06-09-14)

www.keysight.com/find/mykeysight
www.keysight.com/find/ThreeYearWarranty
www.keysight.com/find/AssurancePlans
www.keysight.com/find/channelpartners
www.keysight.com/find/vtep
www.keysight.com
http://www.keysight.com/find/contactus
http://www.keysight.com/find/contactus



