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Background

The computer industry is facing technical challenges in their motherboard 

manufacturing test due to the introduction of a new generation of central 

processing unit (CPU) sockets and ball grid array (BGA) devices with higher pin 

counts. This case study illustrates how the Keysight Technologies, Inc. Cover-

Extend technology, which is part of the Medalist VTEP v2.0 Powered vectorless 

test suite, can help to enable test access for situations where test access 

becomes increasingly limited with usage of high complexity components on 

computer motherboards.

This article was first published in Circuits Assembly, January 2009, and is 

republished here with kind permission from UP Media Group.

By Jun Balangue,  

Technical Marketing Engineer, 

Keysight Technologies
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The higher pin counts on CPU sockets and BGA devices along with high speed 

differential signals are posing new challenges to existing In-Circuit Test of 

motherboard printed circuit board assemblies) (PCBA) on the  

manufacturing floor. 

The following are the manufacturing test challenges: 

1. The new generation CPU sockets consist of about 55% signal pins. Most 

of these signal pins are high speed differential signals that are no longer 

accessible for ICT probing (see Figure 1). 

2. The demand for smaller, low cost computers is also driving down the size of 

the motherboard, causing constraint in the PCB size and loss of access for 

ICT. 

3. Too many ICT probes under the BGA devices or CPU socket can result in 

solder ball crack (Figure 2). 

4. How to lower the cost of test without sacrificing test coverage.

BGA device
CPU socket

Figure 1. Hidden trace without access between BGA device ball and CPU socket ball

ICT probes

Figure 2. Too many ICT probes under a BGA device will cause the board to flex and strain 

the solder balls

Manufacturing test challenges
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VTEP (Vectorless Test  
Extended Performance)

The solution

Keysight’s Cover-Extend Technology is a hybrid between VTEP and Boundary 

Scan. It draws the best from what each technology offers and enhances 

the overall capability of Keysight in-circuit test systems. In short, VTEP and 

Boundary Scan are the main building blocks providing coverage extension for 

manufacturers even as fewer test points are accessible these days.

The Keysight VTEP unpowered vectorless test method uses a stimulus signal 

that is driven by the in-circuit probe using a sensor plate to measure the 

capacitance between device pins or BGA balls and the printed circuit board 

(PCB) pads. Figure 3 shows the number of pins tested on a circuit using  

VTEP test. 

The VTEP methodology requires physical test access (i.e. test probes) to  

deliver this stimulus signal. With Cover-Extend, however, the stimulus signal  

is delivered via a Boundary Scan device.

VTEP1 VTEP4

VTEP3VTEP2

J1 J2

U1 U2

= ICT test probe

TDI1 TDO2

TDI2TDO1

TMS
TCK

Figure 3. ICT using VTEP
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The solution

Boundary Scan Boundary Scan is a world-wide standardized test methodology (IEEE 1149.x 

standard). It provides limited-access capability – i.e., the ability to control 

the I/O functions of individual pins through the use of only four pins on the 

test access port. Figure 4 shows the number of pins tested on a circuit using 

Boundary Scan test. 

J1 J2

= ICT test probe

TDI1 TDO2

TDI2TDO1

TMS
TCK

U1 U2

Figure 4. ICT test using Boundary Scan

The Keysight Cover-Extend 
Technology

Cover-Extend works as follows: 

1. The VTEP sensor, which is able to capacitively pick up stimulus signals, is 

placed on the component to be tested (e.g. a connector).

2. The Boundary Scan device does not require test probes on every pin. 

3. As per the IEEE 1149.x standard, using only the test access port, users can 

deliver the necessary stimulus signal to the connector.

4. A defect (e.g. an open) on the path between the Boundary Scan device and 

the VTEP sensor will affect the stimulus signal that is bound for the sensor.

5. The result is captured and diagnosed by the ICT system and thus, the defect 

is detected.

Figure 5. Keysight Cover-Extend technology
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The solution

Cover-Extend minimizes the number of probes required to test the PCBA (See 

Figure 6 and Table 1) with the same test coverage, using a combination of VTEP 

and Boundary Scan test.

VTEP1 VTEP4

J1 J2

= ICT test probe

TDI1 TDO2

TDI2TDO1

TMS
TCK

U1 U2

Figure 6. ICT test using Cover-Extend

Table 1. Data study indicates that Cover-Extend is able to provide better coverage while 

simultaneously requiring fewer test probes

Test  

strategy

Total number of 

nodes 

Total number of 

probes 

Device  

coverage

VTEP only 19 17 U1, U2, J1 and J2 tested 

using VTEP (refer to 

Figure 3)

Boundary Scan 

only

19 12 U1, U2 tested using 

Boundary Scan chain 

and connect test (refer to 

Figure 4)

Cover-Extend 19 4 U1, U2 , J1 and J2 tested 

using Boundary Scan 

chain and Cover-Extend 

(refer to Figure 6)
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The application

Cover-Extend on motherboard The new generation of motherboards consists mainly of CPU sockets, Input/

Output (I/O), BGA devices and power circuitry where in about 50% of the 

total targeted testable pins and solder balls are CPU sockets and connectors. 

Traditionally, CPU sockets and connectors are tested at ICT using vectorless 

testing. However, these test strategies are rapidly eroding as the designers 

are not able to place test points at every signal pin and solder ball on the 

motherboard, forcing the test engineers to look for an alternative test strategy. 

Results from a study using Cover-Extend on a Keysight Medalist i3070 In-Circuit 

Test system are shown in Figure 7. The data shows the difference between good 

signal pins and open pins.

Figure 7. Cover-Extend measurement results for CPU socket with open solder balls
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The application

Notebook motherboard New generation notebook motherboards are seeing dramatic changes in 

their design, driven by cost pressure, size reduction, as well as demands for 

longer battery life and increased performance. Notebook motherboard PCBs 

will continue to shrink in size even as they need to be  able to accommodate 

the new generation of CPU and BGA devices and meet the various demands 

mentioned above. 

Figure 8 shows the number of pins tested using Cover-Extend, with pin 

coverage of 45% (370 of the total 818 signal pins) on the connectors. In reality, 

Cover-Extend pin-count coverage includes not only the connector pins, but 

also the pins of upstream Boundary Scan devices used to drive the signal for 

Cover-Extend test. Table 2 also shows the number of ICT probes removed when 

Cover-Extend is used as a test strategy compared to VTEP only, which requires 

ICT probes to every target pin to be tested. 

Table 2. Data from actual notebook case study indicates that Cover-Extend is able to 

provide better coverage while simultaneously requiring fewer test probes

Test  

strategy

Total number of 

pins 

Total number of 

probes removed

Device  

coverage

If using VTEP 

only

818 0 DDR DIMM, video 

connector, CPU socket 

and an I/O chipset 

tested using VTEP only

If using 

Boundary Scan 

only

Not applicable Not applicable The Boundary Scan 

device I/O chipset is not 

designed in a chain with 

another Boundary Scan 

device

Cover-Extend 370 370 DDR DIMM, video 

connector, CPU socket 

and an I/O chipset 

tested using Boundary 

Scan chain and 

Cover-Extend 

600

500

400

300

200

100

0
DIMM connector (4x) Video connector CPU socket

66

196

32

110

272

512

▀ Cover-Extend tested    ▀ Number of pins

Figure 8. Number of pins tested using Cover-Extend on notebook motherboard
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The application

Server motherboard Server motherboards present the most potential for Cover-Extend usage due to 

the huge number of connector pins in the server motherboard (See Figure 9).

The current server motherboard design still does not have the full capability to 

maximize Cover-Extend usage as most of the BGA devices are not enabled for 

Boundary Scan. If the connectors on the server motherboard are to be 100% 

tested using Cover-Extend, the coverage will also extend to the upstream 

Boundary Scan devices (see Figure 10).

Figure 9. This chart shows the total number of component signal pins versus total 

connector signal pins on a typical server motherboard

Note: Total component signal pins includes all the components in the motherboard 

(capacitor, resistor, inductor, diode, transistor, integrated circuit, BGA devices and 

connectors) 
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Figure 10. Estimated number of testable pins using Cover-Extend
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The application

Another key benefit of using Cover-Extend is the obvious further reduction in the 

number of ICT probes needed to test all the board components (see Figure 11). 

The ICT system cost will be reduced as the number of hybrid cards required 

to test a server motherboard with over 4,000 nodes will also be reduced (see 

Figure 12).

Figure 11. Estimated potential ICT probe requirements using Cover-Extend on a 

server motherboard with over 4,000 nodes
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Figure 12. Estimated potential ICT fixture cost using Cover-Extend on a server 

motherboard with over 4,000 nodes

Note: Assumption of one (1) ICT probes is equivalent to US $5 (test probes + 

receptacle + personality pins + drilling cost + wiring and labor cost)

Traditional ICT With Cover-Extend

$18,209.00

$9,209.00

Estimated

50%

reduction in

fixture cost

Fixture cost

Cover-Extend will also reduce potential solder ball crack occurrences under the 

BGA and CPU socket as the number of ICT test probes needed will be reduced 

almost by half, minimizing the strain on the PCB.

References 

1.   Keysight Medalist VTEP v2.0 Powered with Cover-Extend  

Technology  5989-8429EN

2.   Maximizing Test Coverage with Keysight Medalist VTEP v2.0 – VTEP, 

iVTEP and NPM  5989-6344EN



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/see/vtep

www.keysight.com/see/limitedaccess

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-07-10-14)

11 | Keysight | Overcoming Limited Access with Cover-Extend Technology at In-Circuit Test - Case Study

This information is subject to change without notice.
© Keysight Technologies, 2009 - 2014
Published in USA, July 31, 2014
5990-4218EN
www.keysight.com

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

