On-chip Transient Current Monitor for Testing of Low-Voltage CMOS IC
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Abstract Quiescent power supply current monitoringy§l testing)
has been successfully used to detect a variety of such
defects [1]-[4]. Nevertheless, the efficiency @gd in
detecting open defects presents some limitations due to
She fact that these failures may prevent changes of the

) . .quiescent power supply current [5]-[6]. Therefore, the
resistance of the supply connection to sense the dynami fansient power supply current testingof testing) [7]-
supply current. Thus, the monitor does not cause any P PPy 8o g

additional  power supply voltage degradation and [8] can be conveniently used to augment the existing test
provides detection capabilities for open defects that hm;rfzofﬁeag?]_tgh?nh,ﬁzgiJ?fn?g?céfcfhvfrggfégg tzsr:)efzter
usually cause a significant reduction of thg: lcurrent. X P Y

The proposed monitor does not affect the performance o resents a more complex issue than performiig |
prop . P esting. So far, only a few transient built-in current (BIC)

the CUT and can be efficiently used to test Iow-voltagemonitors have been proposed [7], [9]-[12]

CMOS  circuits. _Slgnlflcant r_esul_ts summarnsing In this paper, the development of a new transient on-

possibilities and limitations of the circuit are discussed as chip current monitor is presented. The proposed approach

well The design has b_eeq |mplemented together with Makes advantage of the quite small parasitic resistance of

experimental CMOS circuit using Alcatel-Mietec (v

CMOS technol d it . o the metallic interconnection, between the core of the
technology: and 1S processing IS N Progress. q.q it ynder test (CUT) and its VDD pad, that is used as
Evaluation results of the prototype test chips will be

a sensing device. Hence the monitor does not influence
presented at the conference. the operation of the CUT, even when measuring high
transient currents. The sensor quantifies the current peaks
in a wide measurement range, from seveudl to
1 Introduction 100mA. Additionally a test rate of 1MHz can be

achieved. The monitor is designed for transient supply

In recent years, it has been shown that some physicaturrent measurements of low voltage 3.3V CMOS
defects, which do not affect the logic behaviour of a circuits. The technologsgelected is the Alcatel-Mietec
CMOS circuit usually cannot be detected usingage 0.7um n-well CMOS. The transient BIC monitor is
oriented test techniques. However, they often apparentlyincorporated into an experimental digital design to prove
reduce the reliability of the circuit. No doubt that testing its expected feasibility.
is best performed using a combination of test techniques,
with each method dedicated to detect a class of defects.

introduced principle makes uses of the parasitic



supply current, and circuitry providing the quantification
of the charge involved in the supply current. This
It is known that the current consumption of CMOS circuitry consists of a diode (D), a switch V1 a
digital circuits exhibits sharp transient current peaks thatcapacitor (Gargd, and a differential amplifier (A). The
appear during switching actions of the circuit. If an open general scheme of the whole transient current monitor is
defect is present, the transient current peaks of theshown in Figure 2.
defective circuit will differ from these of a defect-free
one. To detect variations in the transient supply current Voo (3.3V)
peaks, the measurement of the charge involved is T ﬁ
performed. The basic idea used for the proposed on-chip Vo 3
transient monitor is based on a consideration that, in mosf™_ Current [UM
cases, it is sufficient to check the circuit for presence or] CUT . — o “"——=
absence of the current peaks (related to a reference value Iop i lur

2 Design of the transient monitor

A Vmon

rather than to characterise and to compare the shape of
the current pulses.

The developed monitor takes advantage of the metal = =
layer’s parasitic resistance. It is known that the metal Vgt

interconnections between the core of a design and its 1/O Top monitor =

pads always induce a small parasitic resistance [6]. This Test

small resistance (assumed arour@) an be used to

sense the very high transient supply currents, typically Figure 2 The proposed transient current monitor
drawn by the CUT during its switching actions. The

principal scheme of the circuit providing this idea is The high transient peaks of the mirrored supply current

depicted in Figure 1. Imr pass through the diode D and charge the capacitor
Ceharge Initially, in monitoring mode, the transistorsV
Vip: Ry Voo (3.3V) switched off so that the capacitogneis fully charged

T by the transient supply current and the resulting voltage is
compared to the voltage referencg; Wy the amplifier.

IDDi IMpzi MP1 MP2 iIMPZ Then the switch is closed to discharge the capacitor

Ceharge @and to ensure that before each transition the
amplifier input is set to zero.

The capacitance of f;q IS one of the essential
parameters of the design as its value determines the
voltage drop across it. Additionally, the reference voltage
is another important parameter that should be tuned in
function of the CUT being tested. These two parameters
have to be set according to the transient current behaviour
of the particular circuit when no defects are present. In a
Figure 1 Current mirror princip|e OleD monitoring defect'free CII’CLIIt, the m|n|mum V0|tage across the
capacitor GhargeWill be:

j%%:

i

A

Eaind

The dynamic supply currengd flowing through the CUT

always provides a small voltage drop across the parasitic Ober-FREEMIn
resistance f&r. This voltage difference makes the Ve min :—C
current mirror (MP1, MP2) unbalanced that implies a charge

current yr at its output. This current can be expressed asyhere Qer.rree mnis the minimum charge driven during

follows: a transition in a defect-free circuit. The valuemW
0 [ represents the pass/fail level for the reference voltage V
I The offset in the output current,d requires the
;=g + 1o L i P q
M offset IMPIE capacitor Garge and the switch Mto be connected to a
voltage reference not to provide current flowing through

the diode in the quiescent state of the CUT. This voltage,

where lgset iS the output offset currentygle/lyps is the denoted as M, is given as follows:

current gain andyb; is DC current the transistor MP1.
The developed dynamic monitor using the current

mirror principle consists of two main parts: an Voﬁ”set Vi

unbalanced current mirror that mirrors the transientwhere 4, qis output voltage of the current mirror (MP1,

=V,

out_gq



MP2) in the quiescent state of the CUT ang, & the reasonable value) in terms of a sufficient voltage drop at
threshold voltage of the diode D. the comparator input. However, the considered range of
Rver shown in Table 1 is satisfactory from both the
measurable transient current as well as from the power
supply degradation points of view.

The proposed monitor was simulated using HSPICE. A

3 Simulation results

simple CMOS circuit composed of NOR gates loaded Table 1

with ten inverters, was used as the CUT. Due to the very -

small resistance of metall layer, the proposed monitor is Ruer [Q] | WIL (vp1.mp2) Working range

able to measure very high transient currents without [um] (Ioor)

affecting the CUT’s performance. For the assumggh R 05 240/2 30mA=100mA

value of 1Q, the CUT supply voltage is lowered to 3.2V 1 240/2 10mA=50mA

maximally for bp currents up to 2100mA.The 2 360/2 1mA=10mA

performance of the monitor for nominal parameters, room 3 240/2 500UA-5MA

temperature and thegfzge value of 0.5nF is shown in

Figure 3. Although, the diode D affects the linearity of the
current monitor, the current measurement in a respective

too on T SRR S R - operating range is quite linear as depicted in Figure 4.
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Figure 3 Performance of the monitor ot B s ?Ifi:u': 1o so.SEo'r'
Figure 4 Linearity of the current mirror for Ryer of 1Q and

The waveforms from the top to the bottom are: the Iop range from 10mA to S50mA
dynamic supply currentpp, the comparator inputs,.
andV,e, and the output voltage of the monit6g,, At 3u ) o
s an open defect is sensed (thevoltage is lowered due ~ Although, the presented BIC monitor was originally
to lower or missing transient current peak) and theSUPPOSed to be used fept testing of digital circuits, the
Monitor outpuNVmonremains at 3.3V. resu!t_s a(_:h|eved also indicate the possibility t_o use it, if

Simulation results show that the most important designmedified in a proper way, for analog test applications. If
parameter affecting the monitor performance significantly the CUT is an analog circuit then the supply current
is the sensing resistor y& as its particular value ~consumption is usually not negligible and an on-chip
determines the ‘operating’ current range for which the current monitor sh_ould _handle high currents. Since most
monitor gives accurate current monitoring. In other Of theé known monitors invoke unacceptable performance
words, the sensing resistor determines the level of thedeégradation due to significant voltage drop across the
mirrored current charging the capacitas G that leads ~ monitor they are generally impractical for real
to a respectivevoltage at the input of the differential @pPplications. The principle, proposed in this paper, does
amplifier. Table 1 demonstrates the accurate operatind'©t créate an additional voltage drop across the monitor,
current ranges determined by the respectiyer Ralues han the one already_caused by the parasitic resistance of
and current mirror sizes. That means that the value of® Supply connection, even for very high supply

Rwer resistance has to be set according to the particulafurrents. Thus, slightly modifying the BIC monitor offers
current range being measured. a wide range of possibilities to dynamic testing of mixed-

If Ryer valueis smaller than 0@ the mirrored current  Signal circuits.
Imr is too small to charge the capacitognfge (Of



4 The layout implementation regarding the total chip area that is rather huge because of
total number of I/O pads.
Finally, the monitor circuit was implemented using the
Alcatel-Mietec 0.um CMOS technology. The layout was
designed using the Cadence design tool. The core of th

monitor layout is shown in Figure 5.
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Figure 6 Layout of the experimental design

6 Conclusion

A new transient on-chip current monitor that tests the
CUT for the presence or the absence of the certain
transient supply current peaks is presented. By using the
parasitic resistance of the metal connection as a sensing
element, the proposed transient monitor does not cause an
additional undesired supply voltage degradation and it is
For the prototype chip series of the monitor, & Ryer able to measure transient currents up to 100mA without
resistor is implemented using Metal2 layer, implying an affecting the performance of the CUT. A maximum test

area overhead of 1At x 55im. Consequently, the total rate of 1MHz_ can be achieved. The proposed circuit is
area of the transient BIC monitor is 10 x 17Qqum. implemented in Alcatel-Mietec 0.7um CMOS technology
However, in a practical application, the parasitic @1d is being fabricated together with an experimental
resistance of the CUT, power supply line is used to digital circuit. Evaluation results will be available for the
implement Rer and the total area overhead will be Presentation at the conference. Moreover, the achieved

reduced or can even become neglectable if the monitor i§€Sults indicate the possibility to use the monitor also in
placed under the supply routing. analog and mixed-signal testing.

Figure 5 The core of the transient BIC monitor layout
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