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AUTOMATIC TEST CLOCK SELECTION APPARATUS

The present invention relates to testing the operation
of an ‘integrated circuit. -An integrated circuit (IC) may be tested
at various stages during the production and use of the IC. For
example; tests may be performed following production to verify

~ that the IC exhibits functional and pér'ametric characteristics that
- conform to the specification for the IC. IC testing typically

involves programmable automatic test equipment (ATE) that
includes a plurality of signal generation channels for generating -
test signals that are applied to the input and output (IO) pins of
the IC. ‘The ATE evaluates the response of the IC to the test
signals.. _

Typical tests performed on a. digital IC includ'e timing
tests such as determining the setup and hold time of a data signal
with respect to a clock signal. Timing tests may be performed by
programming an ATE to vary the delay between a data signal and
a clock signal. The delay values. that cause the IC to operate

. correctly are determined and compared to the specifications for

the IC.

Tests such as the described timing tests may be
adversely affected by internal features of the IC. For example, an
IC may include an internal skew corrector (or variable phase '
shifter) that adjusts-the delay of one s1gna1 e.g. a clock signal,

with respect to another signal, e.g. a data signal. - An example of-

this type of variable phase shifter is described in U.S. Patent

‘Number 5,066,868 entitted APPARATUS FOR GENERATING PHASE

SHIFTED CLOCK SIGNALS that issued to J. H. Doty, II et al. on 19

-November 1991. An internal skew corrector such as that

disclosed by Doty, II et al..includes analog circuitry. ‘The timing
characteristics of analog circuitry may vary significantly as IC
fabrication process parameters vary causing the timing of the
skew corrector to be different in each IC. It might be necessary,
therefore, to adapt the timing of an ATE test program to each IC
before actually performing timing tests. _Adapting_.' the test
program to the characteristics of each chip would lengthen the
time required for -testing each IC. -Increasing the duration of
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testing is undesirable, particularly dur{ng' production when large
numbers of integrated circuits must be tested. :
To facilitate testing, therefore, it may be desirable to

- bypass an internal feature, such as a skew corrector, during
testing. For example, a skew corrector may be bypassed by
‘including a two-to-one multiplexer (2:1 MUX) in the IC. One input

of the MUX is coupled to the input of the skew corrector (the
uncorrected signal) and the other input of the MUX is coupled to
the skew corrector output (the corrected signal). During normal
operation (normal mode), the MUX selects the skew corrector
output to provide a skew corrected signal. During testing (test
mode), the MUX selects the uncorrected signal to eliminate the
effects of the skew corrector, thereby bypassmg the skew
corrector. :

| For a MUX to provide the desired bypass function

‘during testing, a MUX control signal must be set to an appropriate

value. For example, a test program for an' ATE may include a
portion that activates the bypass function by setting a bit in a
control register in the IC that defines the MUX control signal.
However, including program steps to control a bypass MUX may
undesirably increase the time required for testing preventing the
full benefit of a bypass MUX from being realized. '

‘The present invention resides, in part, in recognition of
the above-described problem and, in part, in providing a solution
to the problem. In accordance with a feature of the invention, an
integrated circuit having first and second modes of operation |
includes an input terminal and means for generating first and
second intermediate signals. The first intermediate signal is

. generated during the first mode in response to a first input signal

that is indicative of the first mode. The second intermediate
signal is generated during the second mode in response to a
second input signal that is indicative of the second mode. One of
the first and second intermediate signals is coupled to.an output
via means responsive to the first and second input signals such

‘that the first intermediate signal is coupled to the output during
_the first- mode, and the second intermediate signal is coupled to

the output during the second mode.
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The. invention may be better understood by refernng
to the drawing in which:

Figures 1 and 3 show, partlally in schemauc form and
partially in block diagram form, two embodlments of a portion of
an integrated circuit including features in .accordance with the
invention; and |

- Figure 2 illustrates s1gnal waveforms useful in
understanding the operatxon of thé embodiment shown in Figure

1. In Figures 1 and 3, the same or similar elements are identified

by the same reference numerals.

In Figure 1, digital integrated circuit (IC) 100 includes
circuitry for generating a clock signal CLOCK comprising features
125-150. Signal CLOCK may be coupled to various functions (not .
shown in Figure 1) within IC 100 to provide, for example, a
"master” clock -signal ‘that serves as a timing reference signal to
control the timing of operations within IC 100. During normal
operation (normal mode) of IC 100, signal CLOCK is generated by a "
crystal .controlled oscillator comprising crystal 120 external to IC
100 and inverting amplifier 125 internal to IC 100. Crystal 120 is
coupled to terminals 115 and 117 of IC 100. Inverting amplifier
125 has an input coupled to terminal 115 and an output coupled

" to terminal 117. The combination of crystal 120 and inverter 125

produces a relatively stable clock signal, or timing reference

'_waveform, at terminal 115 during normal mode. Inverter 125
produces an inverted version of the tei'minal 115 waveform at

terminal 117. :
' A skew corrector. 135 having an mput coupled to the
output of inverting amplifier 125, is /included to provide a

- variable delay - in the clock signal path. The variable delay

permits adjusting the timing of signal CLOCK with respect to other
signals in IC 100 during normal mode. If skew corrector 135 is
implemented according to above-mentioned U.S. Patent Number
5,066,858 (Doty, II et al.), a reference signal (e.g. a data s1gnal or
other clock signal) is input to skew corrector 135 to serve as a.
reference for adjustmg the timing of signal CLOCK. Alternatively,
a particular delay could be selected in response to a control signal
input to skew corrector 100." The control aspect of the variable
delay produced by skew corrector 135 is not shown in Figure 1.
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Two-to-one multiplexer (2:1 MUX) 150 permits
bypassing skew corrector 135 to provide a version of signal CLOCK
during test mode that is not phase shifted by skew corrector 135.
An input of MUX 150 (the input designated "A" in Figure 1) is

- coupled to the output of skew corrector 135.- A second input of
.~ MUX 150 (designated "B" in Figure 1) is coupled to the input of

inverter 125. A control signal SELECT coupled to input SEL of
MUX 150 determines which one of the intermediate clock signals
coupled to the A and B inputs of MUX 150 will be coupled. to the
output ("Q" in Figure 1) of MUX 150 to providé signal CLOCK. For
example, the arrangement illustrated in Figure 1 indicates that a
logic 0 (e.g. O volts) at input SEL of MUX 150 causes the output of
skew corrector 135 to be coupled to signal CLOCK. A logic 1 (e.g. 5
volts) at input SEL of MUX 150 'couples the signal at terminal 115
to signal CLOCK. Thus, signal CLOCK includes the effects of skew
corrector 135 during normal mode and skew corrector 135 is
bypassed during test mode.

Control signal SELECT is generated in response to the
s1gnals at terminals 115 and 117 of IC 100 by logic restore
function 130, exclusive NOR (XNOR) gate 140, and capacltor 145.
Logic restore function 130 has an input coupled to terminal 115
and an output coupled to XNOR gate 140. The purpose of logic
restore function 130 is to ensure that the signals from terminal
115 provide the logic levels required by XNOR gate 140. During
normal mode, for example, the signals at terminal - 115 from
crystal 120 may exhibit an amplitude that is not sufficient to
provide the required logic levels. Logic restore feature 130 may

be lmplemented with a non-inverting buffer amphfler

The generatlon of signal SELECT occurs as follows.

'.During- normal mode, the signal at terminal 115 is a periodic pulse

waveform. Inverting amplifier 125 causes the signal at terminal
117 to be an inverted version of the signal at terminal 115.

Under ideal conditions where inverting amplifier 125 and logic
restore function 130 produce no delay, the signals at the inputs of
XNOR gate 140 would be unequal at all times as shown in Figure
2A. As a result, the comparison of the signals from terminals 115
and 117 that occurs in XNOR gate 140 produces a logic O on signal -
SELECT at all times during normal mode. In response, MUX 150
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- selects the ouiput of skew corrector 135 as the source of signal
_ CLOCK as desired. '

During test mode, a test clock signal TEST CLOCK from
source 110 is coupled to both terminals 115 and 117. Source 110

| may be automatic test equipment (ATE) that permits generating

various test waveforms, as described above. The dutput
impedance of inverting amplifier 125 at terminal 117 is. relatively
high to prevent loading of the signal from crystal 120 during
normal mode. Thus, it is possible by coupling signal TEST CLOCK
to both terminals 115 and 117 to cause the sighals ‘at the input
and output of inverting amplifier 125 to be substantially equal.
Assuming the above mentioned ideal conditions (logic restore
function 130 produces no delay) the input ,sig'nals to XNOR gate
140 are also substantially equal. As a result, signal SELECT at the
output of XNOR gate 140 is at logic 1 at all times during test mode
causing MUX 150 to couple signal TEST CLOCK to signal CLOCK as

Inverting amplifier 125 and logic restore function 130
are not ideal and do produce delays. In addition, dunng test
mode, terminals 115 and 117 may be coupled to separate
channels of automatic test equipment (ATE) rather than connected
together as in Figure 1. Although separate ATE channels typicaily
can be programmed to produce substantially the same waveform,
minor differences might exist. The non-ideal delays combined
with any ATE anomalies may cause the input signals to XNOR gate

' 140 to be time shifted with respect to each other as depicted in

Figure 2B. During normal mode, a time shift produces brief

" intervals during which the input signals to XNOR gate 140 are

equal causing narrow pulses to logic 1 to be produced on signal
SELECT as shown in Figure 2B. Similarly, during test mode, the

~ input signals to XNOR gate 140 are unequal for brief intervals

producing narrow pulses to logic 0. MUX 150 could respond to
these "glitches" during either normal or test modes by
momentarily switching the source of signal CLOCK. Undesirable
effects (e.g. glitches) may occur in signal CLOCK.

Capacitor 145 is coupled between signal SELECT and
ground to serve as a filter that eliminates these undesirable
glitches on signal SELECT. The value of capacitor 145 is
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determined subjeét to several considerations. First, the duration

.of the glitches may vary as the delays of inverting amplifier 125

and logic restore function 130 change in response to temperature
and IC processing parameter variations. Thus, capacxtor 145 must
be selected to provide effective filtering for a range of pulse
durations. Second, the value of capacitor 145 should be relatively
small to minimize the area that is required to integrate capacitor
145 into IC 100. A typical value for capacitor 145 that satisfies

- these criteria is 5 pF.

The arrangement shown in Figure 1 detects the mode
of operation of IC 100, selects the appropriate source for signal
CLOCK, and eliminates undesirable glitches in signal SELECT.

These functions are provided automatically without adding steps .
to an ATE test control program. Thus, the advantage of a skew
corrector bypass function is provided ‘without undesirably
increasing the time required to test IC 100. Also, the described .

_ arrangemient does not require additional pins (input/output

terminals) of IC 100.

An alternative approach to providing the descnbed
automatxc selection of signal CLOCK is shown in Figure 3. The
arrangement in Figure 3 differs from that in Figure 1 in at least
two respects. First, D-type flip flop (DFF) 160 in Figure 3 replaces
XNOR gate 140 and capacitor 145 in Figure 1. The clock (CLK),
data (D), and set (SET) inputs of DFF 160 are coupled to terminal

115 (via logic restore function 130), logic 0 (O volts), and reset -

signal RESET, respectively. Signal SELECT, the control signal for
MUX 150, is produced at the output (Q) of DFF 160. Second,
during test mode in Figure 3, signal TEST CLOCK is coupled to
terminal 117 while terminal 115 is coupled to logic 0 (ground in
Figure 3) rather than having terminals 115 and 117 coupled
together as in Figure 1. Because signal TEST CLOCK is applied .
only to terminal 117, the "bypass” input of MUX 150 (input "B") is
coupled to terminal 117 rather than terminal 115 as in Figure 1.

~ Signal RESET is produced by a control circuit that is not
shown in Figure 3. ‘The control circuit may be either external or
internal to IC 100. Signal RESET is generated in response to
conditions such as "power-up" of IC 100 and causes IC 100 to
enter a mode of operation during which, for example, control '
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registers are initialized. In Figuré 3, this initial mode or reset
condition is indicated by signal RESET at logic 1. Signal RESET at
logic 1 sets the Q output of DFF 160 to logic 1 causing signal
SELECT to be at logic 1. Thus, during the initial mode, the B input
of MUX 150 is selected bypassing skew corrector 135 and coupling
51gnal CLOCK to terminal 117.

- Signal SELECT remains at logic 1 at least untxl the reset
state ends. A clock pulse at the CLK input of DFF 160 after the
end of the reset state causes logic 0 at the D input of DFF 160 to be

_clocked to the Q output of DFF 160. If the reset condition occurs

during normal operation of IC 100 when crystal 120 is coupled to
terminals 115 and 117, a pulse waveform is being produced

_continuously at terminal 115 and, therefore, 'at the CLK input of
~ DFF 160. In normal mode, therefore, signal SELECT will change to

logic 0 immediately following the end of the reset state causing
signal CLOCK to be coupled to the output of skew corrector 135 as
desired. In test mode, terminal 115 is coupled to logic O
preventing a clock pulse from occurring at the CLK input of DFF
160. Thus, signal SELECT will remain at logic 1 when the reset
state ends ensuring that skew corrector 135 is bypassed for the _
duration of test mode as desired. - '
The arrangement in Figure 3 provxdes automatic
selection of the source of signal CLOCK without producing glitches
on s:gnal SELECT. Thus, a filter such as capacitor 145 in Flgure 1
is not needed. :
‘Various modlflcatlons of the embodiments shown in
Figures 1 and 3 will be apparent to one skilled in the art. In
Figure 3, for example, signal polarities other than those described

'may be used.  More specifically, a logic 0 on signal RESET may

indicaté a reset condition rather than a logic 1 as described below.
In this case, the SET input of DFF '160 would set signal SELECT to
logic 1 when a logic O is applied to the SET input (effectively a
SETNOT or SETBAR input). Also, if DFF 160 has an inverted output
(QNOT) and a reset input, DFF 160 could be connected such that
the D input is coupled to logic 1, the reset input is coupled to
signal RESET, and the inverted output provides signal SELECT.
These and other modifications are intended to be within the scope

of the following claims. - /
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1. In an integrated circuit having normal and test
modes of operation, apparatus characterized by:

first and second input terminals (115,117) coupled to
receive respective first and second input signals having respective
first and second time-varying amplitude characteristics during said
normal ‘mode, said first signal exhibiting a predetermined

' r_elationship with respect to said second signal during said normal

mode, and said amplitude characteristic of said first input signal
changing during said test mode to cause a change in said
predetermined relationship; |
means (140) for detectmg said change in said

predetermined relationship and for generating a control signal
(SELECT) indicating that said integrated circuit is in said test mode
when said predetermined relationship does not exist; and

 means (150) responsive to said control signal for coupling
a signal in said integrated circuit via a first signal path (115 to CLOCK
via A input of 150) during said normal mode and via a second signal
path (115 to CLOCK via B input of 150) during said test mode.

2. The apparatus of claim 1, further characterized in |

~ that said first and second input signals are digital clock signals

during said normal mode of operation.

- 3.  The apparatus of claim 2, further characterized in
that said first and second input signals are time-varying digital clock
signals during said - test mode of operation; :

said predetermined relationship is a phase relationship
between said first and second input si'gnals during said normal mode;

- said change in said amplitude characteristic of said first
mput signal during test mode causing a change in said phase
relationship; and

said detecting means compnses means for detectmg said
change in said phase relauonshlp
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4, The apparatus of claim 2, further characterized in
that said second input signal is a substantially constant reference
level during said test mode; and

said detecting means generates said control signal to
indicate said normal mode only when said first _input signal has said
time-varying amplltude charactenstlc

O o
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