
Towards embedded testing

The testing of the mixed-signal circuits has  been researched in the University of Oulu 

in the projects Development of the Testability of Mixed-Signal Circuits (MIXTE) I-III. 

Nokia and Elektrobit have been the industrial partners of these Tekes projects. The 

results have been presented in international conferences and workshops (International 

Test Conference 2004, Board Test Workshop 2003 and 2004, Design, Automation & 

Test in Europe 2005 and European Test Symposium 2005) [1-6].

Research has been done to utilize the IEEE 1149.4 Mixed-Signal Test Bus Standard in 

measurements. The suitability of the test bus has been extended to radio frequencies 

(up to GHz-range) by building special radio frequency analogue boundary modules 

(RF-ABMs). With these RF-ABMs it is possible to make basic RF frequency and power 

measurements. The results of the frequency and power measurements are available 

as low-frequency/DC signals that are suitable for the low-frequency 1149.4 analogue 

bus. In the low frequencies, calculation methods have been developed to get the 

values of the components forming impedances between the 1149.4 compatible ICs’

pins. The values are calculated from the measured voltages achieved through the test 

bus taking the loading effect of the measuring equipment into account, thus enabling 

the use of low cost instruments. Further, the use of Wheatstone bridge for small 

resistance measurements for characterizing the ball grid array wear-out has been 

researched in the 1149.4 environment.

Calculation methods

Developing new calculation methods for passive components in 1149.4 environment 

were one of the main goals in MIXTE projects. The calculating methods give the 

possibility to measure complex impedances without the need for phase measuring 

capability or a priori assumptions of the phase angle. The principle of the method is 

shown in Figure 3. In this method, two sense resistors, Rs1 and Rs2, are used. The 

stimulus current is first directed through the serial connection of the sense resistors. 

The voltages between the ground and both ends of the serial connection as well as 

both ends of Zx are measured. In the second phase, the stimulus is directed through 

Rs2 only (pin A1 instead of A0) and the voltages between the ground and both ends of 

Rs2 and Zx are measured. The actual circuit has been realized using STA400s. The 

STA400 on the left in Figure 3 works in its mission mode, i.e. as a multiplexer (its 

analog buses, ABs, and analog boundary modules, ABMs, have not been drawn for 

the sake of clarity). The vector presentations of the impedances and the voltages are 

shown in Figures 4 and 5. The unknown impedance Zx consists of the real part R and 

the imaginary part X. [4]

The impedances of measurement equipment have to be taken in to account, which 

makes the calculations a lot more complex. Also the switch resistances of the 1149.4 

compatible component change when different offset voltages are used which also 

complicates the calculations. The experimental results show that quite accurate (error 

= ±2 %) results can be achieved when the preconditions are fulfilled, i.e. the right 

sense resistors and measurement frequency are chosen. On the other hand choosing 

them wrong can have fatal effect on accuracy. [4]
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Figure 1. Development of mixed-signal testing
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Figure 3. The measurement principle

Figure 4. Impedances and voltage in phase 1

Figure 5. Impedances and voltages in phase 2
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Extending the IEEE 1149.4 to RF

Other main goal of MIXTE projects was to extend the low-frequency 1149.4 test 

access to higher frequencies. The extension of the basic low-frequency 1149.4 test 

access to RF is made possible by the RF-ABM ASICs developed by one of the authors 

[5]. These circuits act as RF-to-LF translators, which provide at the output pins of the 

ASIC DC signals, the level of which is proportional to the frequency or the power of the 

input RF power or frequency. The ASIC output can be directly connected to the 1149.4 

analogue test bus and the functionality of the ASIC controlled by connecting the ASIC 

in series to the STA400 control bus. I.e. the ASIC is directly accessible as part of the 

normal 1149.4 control architecture via the common JTAG type connector, which 

makes the use of the RF section of the test architecture easy from the test software 

point of view.

The main parts of the RF-ABM of Fig. 6. (a) are frequency and power detectors which 

extract DC quantities relative to the input signal power and frequency, respectively. 

Because of the frequency limitations due to the used circuit process, the frequency of 

the input signal had to be divided by 8 before the actual frequency detection. 

Measurement results (Vout, out- and out+) from and tuning inputs (tunef and tuneP) to 

the detectors themselves can be connected to the IEEE 1149.4 type analogue test port 

(ATP) using a programmable switch matrix (1149.4 MUX).

The fabricated RF-ABM ASIC was extensively tested as reported in [5]. After DC-

calibration the power measurement uncertainty caused by the temperature, supply 

voltage and process variations is roughly 2 dB and the frequency measurement 

uncertainty is 0.1 GHz, respectively. If the error caused by the process variation is 

ignored, i.e. a wafer specific calibration is performed, the power measurement 

uncertainty decreases to 1 dB and the frequency measurement uncertainty to 0.05 

GHz, respectively. The rise time of the power detector for a 20 dBm power step is 3.4 

µs and that of the frequency detector for a 0.6 GHz frequency step is 13.2 µs.

The above described RF-ABM ASICs were used in a 1 GHz direct-conversion 

transmitter to demonstrate the PCA-level design and implementation of the 1149.4 RF 

extension. This demo transmitter, which allows the evaluation of the whole 1149.4 test 

architecture in a modern and relevant application, combines in a novel way the LF 

signal and component measurements with the new RF measurement capabilities. It 

also brings together the different 1149.4 related research topics covered by the MIXTE 

projects. 

Figure 6. (a) The basic RF-ABM and (b) dice photograph of the RF-ABM ASIC
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