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(57) ABSTRACT 

Stuck-at fault, shorted and open circuit conditions occurring 
in the differential inputs to Differential Receivers on a Large 
Scale Integrated (LSI) chip are detected by a test circuit 
arrangernent fabricated on the chip. The test circuit arrange 
ment includes Pass Gate devices operatively coupled to the 
differential inputs and an Exclusive NOR circuit (XNOR) 
coupled to the Pass Gate devices. Pull devices are coupled 
to the Pass Gate devices and the differential inputs. By 
activating the Pass Gate devices and applying a test 

( * ) Notice: This is a publication of a continued pros- sequence to the differential inputs, the state of the output of 
ecution application (CPA) ?led under 37 the XNOR circuit indicates if an open circuit, stuck-at or 
CFR 1.53(d). short exists in the inputs to the Differential Receiver. 
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INTEGRATED CIRCUIT WITH IN SITU CIRCUIT 
ARRANGEMENT FOR TESTING INTEGRITY OF 

DIFFERENTIAL RECEIVER INPUTS 

BACKGROUND OF THE INVENTION 

[0001] I. Field Of The Invention 

[0002] The present invention relates to the ?eld of inte 
grated circuits in general and, in particular, to circuits that 
test the integrity of said integrated circuits. 

[0003] II. Prior Art 

[0004] The use of integrated circuit technology for pack 
aging circuit chips is Well knoWn in the prior art. A con 
ventional integrated circuit chip includes a substrate on 
Which a plurality of on-chip logic and other circuits are 
provided. The circuits cooperate to provide functions spe 
ci?c to the chip. The on-chip circuits include Receivers that 
receive signals from off the chip and Transrnitters and/or 
Drivers for forWarding signals off the chip. 

[0005] Analog Differential Receivers are one type of 
receivers used on integrated circuit chips. The invention 
described hereinafter is particularly concerned With chips 
using Analog Differential Receivers. Analog Differential 
Receivers rely upon “differential pair” signaling in order to 
operate. Differential pair signaling requires tWo physical 
signals of different voltage levels to be transmitted to the 
Differential Receiver in order to facilitate the transfer of a 
single bit of information. The logical state of the information 
bit at the output of the Differential Receiver is usually 
represented by the difference in voltage levels betWeen the 
input signals. 

[0006] As a consequence, Differential Receivers rely on 
their inputs to be different by a feW 100 rnillivolts and 
centered around some rnidrange voltage to produce the 
correct output. If one of the inputs to the Differential 
Receivers is stuck at one of the voltage supplies (GND, 
VDD, VDD2, etc.) through a short, or is at a metastable state 
due to an open circuit, or is shorted to another signal, the 
outputs Will be indeterrninate. 

[0007] US. Pat. Nos. 4,782,300 and 5,287,386 use dis 
crete components, including resistors, for detecting open in 
transmission lines. Even though these systems may operate 
satisfactorily for their intended purposes, they are only 
effective at a board system level rather than the module or 
Wafer level. In addition, these patents do not address stuck-at 
fault conditions Which can cause problems in integrated 
circuits. 

[0008] The IBM® CMOS 5S Data Book describes a 
system that detects if both Pad and Padn lines are open. The 
system described in the IBM CMOS 5S Data Book deviates 
from the invention set forth beloW in three main areas. First, 
the use of an XOR or XNOR alloWs the designer to 
discriminate dynarnically betWeen valid and invalid condi 
tions during functional use. Therefore, this circuit could be 
used functionally to avoid processing transient invalid con 
ditions on the Pad/Padn lines (i.e., the same value on both 
lines) that could cause irnproper operations in a circuit. 
Second, our circuit is degateable, removing the capacitive 
loading and high speed noise from a functional circuit. 
Finally, our circuit is more testable than the circuit described 
in the prior art When using a lirnited-resource rnanufacturing 
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tester, Whereby only a portion of the possible circuit input 
and output pins are connected to the manufacturing tester. 
This is accomplished through the use of tWo I/O Wrap 
drivers; Whereas, the prior art uses only one. 

[0009] As a consequence, there is a need to provide a test 
circuit Which addresses stuck-at fault conditions and open 
circuit conditions. In addition, the test circuit should be able 
to detect fault conditions at different stages (Wafer level, 
rnodule level or full I/O contact levels) of chip rnanufactur 
ing process. This Would alloW the early elimination of 
defective chips prior to their being shipped to the ?eld or 
used in products. By doing so, the overall cost of the 
machine Would also be loWered, since the yield of chips 
from a particular line could be accurately determined and 
cost for removing defective chips from rnachines already in 
the ?eld Would be eliminated. 

[0010] 

SUMMARY OF THE INVENTION 

[0011] An in situ test circuit, fabricated on the integrated 
circuit chip, detects defects in the inputs to a Differential 
Receiver on the chip. The test circuit includes a pair of Pull 
devices; one of each coupled to one of the differential pair 
inputs. A pair of Pass Gate devices, one of each is coupled 
to one of the Pull devices and one of the differential pairs 
inputs. An eXclusive NOR (XNOR) circuit arrangement is 
coupled to each of the Pass Gate devices. A ?rst control 
signal is connected to the Pass Gates Which isolates the test 
circuitry from the Differential Receiver. A second control 
signal is connected to the Pull devices. By applying a test 
pattern to the differential pairs and monitoring the output of 
the XNOR circuit arrangernent, defects in the differential 
pairs can be determined. 

[0012] In an alternate embodiment, a fault detection cir 
cuit is provided for each Differential Pair inputs to the 
integrated circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 shoWs an integrated circuit systern accord 
ing to the teachings of the present invention. 

[0014] FIG. 2 shoWs an eXpanded vieW of the fault 
detection circuit and the Differential Receiver in block 
diagram form. 

[0015] FIG. 3 shoWs an exploded vieW of the fault detec 
tion circuit in block diagram form. 

[0016] FIG. 4 shoWs a detailed circuit diagram for the 
fault detection circuit. 

[0017] FIGS. 5A, 5B and 5C shoW signal waveforms at 
the output of the detection circuit. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0018] FIG. 1 shoWs a schematic of the integrated circuit 
embodying the teachings of the present invention. The 
integrated circuit (IC) may be packaged as a chip, ASIC or 
any of the Well knoWn forms of IC packages. The IC 10 
includes On Board Logic Circuits 12 and a plurality of 
Differential Receiver Systerns (SYS) labeled 1 through n. 
The On Board Logic Circuits 12 include various types of 
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integrated circuits designed to provide particular functions. 
The type of functions Which one could design are so diverse 
that no attempt Will be made to identify a particular type of 
function or logic circuit. 

[0019] Each one of the Differential Receiver Systems 
(described beloW) is provided With a pair of differential input 
signals labeled Pad and Padn. Under normal operating 
conditions, the Pad and its associated Padn signals are out of 
phase. TWo control signals labeled SIDD and Activate are 
also provided. The control signal labeled SIDD is used to 
ensure there is no current ?oW during current measurement 
manufacturing tests, commonly knoWn as IDDQ or static 
current test. The control signal Activate is used to eliminate 
additional loading on the functional signals Pad and Padn 
When the chip is operating in normal (non-test) condition. 
Each of the Differential Receivers has tWo outputs. The 
outputs labeled A, B, . . . n are the fault detection outputs 

labeled Defect Observe. As Will be explained subsequently, 
When a test pattern is applied to each Pad and Padn input and 
the activate signal is energiZed, the signal read at the output 
labeled Defect Observe indicates Whether or not there is a 
defect in one or both of the inputs (Pad and Padn). Likewise, 
output labeled A’, B’ and n’ are the functional outputs and 
provide the signal representative of the signal received on 
the Pad and Padn inputs. The components including the On 
Board Logic, Differential Receiver System, etc., described 
above are fabricated on substrate 10‘. Any of the Well knoWn 
LSI techniques and manufacturing processes used in the 
industry can be used to fabricate the component on the 
substrate. 

[0020] FIG. 2 shoWs an expanded vieW of the Differential 
Receiver System shoWn in FIG. 1. Each of the Differential 
Receiver System in FIG. 1, includes a Differential Receiver 
14 and a Fault Detection Circuit 16. The Fault Detection 
Circuit 16 detects fault conditions in the Pad and Padn input 
conductors; Whereas, Differential Receiver 14 passes the 
signals received on the Pad and Padn input conductors to the 
output labeled Functional. As stated previously, When the 
control signal Activate is enabled, the Fault Detection Cir 
cuit 16 (details to be given hereinafter) monitors Pad and 
Padn input lines and outputs fault signals on the Defect 
Observe output if a fault condition is sensed. The Differen 
tial Receiver 14 is a standard off-the-shelf item Which is Well 
knoWn in the art and further description of this device Will 
not be given in this document. 

[0021] FIG. 3 shoWs an exploded vieW of the fault detec 
tion circuit according to the teachings of the present inven 
tion. Items in FIG. 3 that have been discussed and described 
previously are given common names or numerals and Will 
not be described further. The Fault Detection Circuit 16 
(FIG. 2) includes Pull Device 18, Pull Device 20, Pass Gate 
22, Pass Gate 24 and exclusive NOR (XNOR) Circuit 26. 
Each of the inputs Pad and Padn are connected to dedicated 
pull device and Pass Gate device, respectively. In particular, 
Pad input is coupled to Pull Device 18 and Pass Gate 22. 
Likewise, Padn is coupled to Pull Device 20 and Pass Gate 
24. The purpose of the dashed and dotted lines in FIG. 3 are 
intended to shoW tWo possible interconnection techniques to 
account for the situation of unconnected inputs on the 
Differential Receiver. Either the dotted line or the dashed 
line Would be connected to the pull device such that if an 
input to the Differential Receiver Were unconnected, the pull 
device Would cause this input to gravitate to the value of the 
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pull device. It should also be noted that the pull device could 
be a pull-up device or a pull-doWn device. The choice of one 
over the other depends on the designer. It should be noted in 
FIG. 3, that if the dotted lines are connected, the dashed 
lines from the pull devices Would be disconnected. Simi 
larly, if the dashed lines from the pull devices are connected, 
the dotted lines from the Pad and Padn conductors into the 
pull devices Would be disconnected. 

[0022] Still referring to FIG. 3, in normal circuit opera 
tion, the control line labeled Activate Would disable the path 
from Pad and Padn through the Pass Gates and out of the 
circuit. HoWever, during manufacturing testing, Activate 
Would be enabled to alloW the values on Pad and Padn to be 
observed through XNOR circuit 26. Placing the four pos 
sible values for a tWo input XNOR on Pad and Padn Which 
can be done With tWo I/O Wrap drivers and observing them 
on the output of the XNOR circuit 26 ensures there are no 
manufacturing stuck-at fault defects, open circuits, or 
shorted Wires in this logic. 

[0023] FIG. 4 shoWs a detailed circuit diagram for the 
fault detection circuit. The differential input signals are 
labeled Pad and Padn. LikeWise, the control signals are 
labeled SIDD and Activate. The function provided by the 
control signals are discussed above and Will be repeated 
here. The fault detection circuit includes Pull Device 208 
and Pull Device 207. In the preferred embodiment of the 
invention, the pull devices are P-Channel pull-up device. Of 
course, other types of pull devices could be used Without 
deviating from the spirit or scope of the present invention. 
The base electrode of the pull devices are connected to the 
SIDD control line. The emitter electrode of each of the 
devices are tied to a voltage supply level. The collector 
electrode of the pull devices are connected to the Pad and 
Padn inputs through respective electrostatic discharge 
(ESD) resistors. Pass Gate 22 has a connection to Pull 
Device 208, a connection to N-Channel Device 206 and 
Inverter 207. The other output from Pass Gate 22 is con 
nected to an input of the XNOR circuit. The control line 
labeled Activate is connected to the input of Inverter 207 and 
another terminal of Pass Gate 22. In the preferred embodi 
ment of this invention, Pass Gate 22 comprises an N-Chan 
nel and P-Channel device. Similarly, Pass Gate 24 is com 
prised of an N-Channel and P-Channel device. The Pass 
Gate 24 has four contacts, one of Which is connected to the 
Padn signal line through ESD resister; another one is con 
nected to Inverter 207; another one is connected to the input 
of the XNOR; and the fourth one is connected to N-Channel 
device 205. It should be noted that the control line labeled 
Activate and Inverter 207 alloW input into the XNOR circuit 
to be connected to the N-Channel devices 206 and 205 or to 
the Pass Gate 22 or 24. 

[0024] Still referring to FIG. 4, the XNOR circuit Which 
does the fault detection includes Transistors 101 through 112 
con?gured and connected as shoWn in FIG. 4. The ?rst three 
stages of the XNOR circuit are connected to the same 
voltage level labeled V. The last stage of the XNOR is tied 
to a different voltage level labeled V’. By tying the stages in 
the XNOR circuit to different voltage levels, the design is 
able to accommodate Pad and Padn signals that are supplied 
at a ?rst voltage level, Whereas the operating voltage level 
of circuits on the chip is operating at a different voltage 
level. For example, the voltage level of the Pad and Padn 
signal could be 0 to 1.5V; Whereas, the operating voltage 
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level of components on the chip is 0 to 3.5V. In such a 
System, the voltage for V Would be set at 1.5V, While the 
voltage at V’ is set at 3.5 v. Another Way of compensating 
for the dissimilarity in the voltages Would be to add buffers 
in front of the XNOR circuit that are able to translate 
betWeen the different voltage levels. 

[0025] FIGS. 5A, 5B and 5C shoW signal Waveforms 
generated at the output of the XNOR circuit. The form of the 
signal depends on the state of the input conductors relative 
to the input signals. The XNOR circuit is designed to have 
a threshold at midpoint of the incoming signal levels. In this 
particular situation, the midpoint level is 0.75 volts. The 
XNOR is used because the input, When no shorts, stuck-at or 
open circuits occur, should alWays be at opposite polarities 
and thus produce a loW at the output of the XNOR as shoWn 
in FIG. 5A. If an open, stuck-at or short circuit eXists, a high 
Would register on the XNOR output, at certain points during 
the test, as shoWn in FIG. 5C. During regular testing of the 
differential signals, VIH and VIL voltage levels are set as 
inputs. In one eXample, VIH=0.95v and VIL=0.55v. If one 
of the inputs is open, the net Will be pulled high due to the 
Pull Up device. When the other side of the differential circuit 
receives a VIH, a High Will appear in the output of the 
XNOR as shoWn in FIG. SC. 

[0026] With reference to FIG. 5B, if a net is open, Without 
Pull devices, a metastable state may eXist at the input of the 
XNOR, thus producing an unknoWn for the output. The pull 
devices guarantee that an open Will be pulled to Vdd and 
trigger the XNOR correctly. In FIG. 5B, the effect of an 
open circuit Without pull devices are shoWn. With the pull 
devices the output is forced to a knoWn state. 

[0027] The input signal for the test circuit are the tWo 
inputs Pad and Padn that go in the Differential Receiver. The 
control signal labeled Activate enables the Pass Gates and 
the XNOR. In addition, the SIDD control signal turns off the 
pull devices When doing SIDD testing. 

[0028] The XNOR circuit is used to perform the basic 
logic function of XNOR Which is if the tWo inputs are 
different, then a logic loW is at the Defect Observe output. 
Similarly, if the tWo inputs are the same, a logic high is at 
the Defect Observe output. One has to be careful in design 
ing the XNOR or else it could create a problem in the test. 
The problem in the design of the XNOR Will occur if the 
input voltage on the differential pair is different from the 
operating voltage on the chip. The XNOR has been designed 
to compensate for the situation. More speci?cally, if the loW 
input voltage is at some voltage A and high input voltage is 
some voltage B, then the sWitching point of the XNOR 
circuit should be (A+B)/2. This can be done in at least tWo 
Ways. In one Way, a poWer supply is used for the XNOR that 
the input signals (Pad and Padn) are referenced to. Then 
adjusting the output stage of the XNOR to properly output 
a logic loW and high for the internal logic. Another Way is 
to add buffers in front of the XNOR circuit that are able to 
translate betWeen the different voltage levels. Preceding the 
XNOR circuit are the Pass Gates. These are used solely to 
isolate the high speed Differential Receiver from the test 
circuit for noise and capacity reasons. When the control 
signal Activate is high, the Pass Gate alloWs a Receiver input 
from the Pad and Padn to go to the XNOR to be tested. When 
the Activate signal is loW, the Pass Gates are off and the 
NFET 205 and 206 (FIG. 4) are turned on to provide a stable 
(biased) signal to the XNOR circuit. 
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[0029] Even though the preferred embodiment uses an 
XNOR circuit arrangement, it is Well Within the skill of one 
skilled in the art to use other types of circuit arrangement 
Without deviating from the scope or spirit of the present 
invention. For eXample, the circuit arrangements could 
include AND, NAND, OR, NOR, XOR, etc. 

[0030] Finally, there are the Pull Devices 207 and 208. In 
a speci?c embodiment, they are shoWn as Pull Up transistors 
and are connected betWeen the ESD resistors and the Pass 
Gates. The Pull Devices may also be pull doWn devices. The 
main idea is the input from the Pad and Padn must be pulled 
to valid high or loW Which the XNOR can understand. These 
pull devices may also be placed betWeen the Pass Gate and 
the XNOR. 

[0031] While the invention has been described in terms of 
preferred embodiments, those skilled in the art Will recog 
niZe that the invention can be practiced With modi?cation 
Within the spirit and scope of the appended claims. 

Having thus described our invention, What We claim is as 
folloWs: 
1. An integrated circuit system including: 

a substrate; 

logic circuits for performing speci?c functions fabricated 
on the substrate; 

at least one Differential Receiver With a pair of differential 
inputs for receiving a pair of differential signals repre 
senting an information bit fabricated on said substrate; 
and 

a circuit arrangement operatively coupled to the differen 
tial inputs, said circuit arrangement monitoring signals 
on the differential inputs and outputting a Defect 
Observe signal if an open circuit, stuck-at fault or 
shorted signals condition occurs in one or both of the 
differential inputs. 

2. The integrated circuit of claim 1 Wherein the test circuit 
arrangement includes a ?rst Pull device operatively coupled 
to one of the differential inputs; 

a second Pull device operatively coupled to another of the 
differential inputs; 

a ?rst Pass Gate operatively coupled to the ?rst Pull 
device; 

a second Pass Gate operatively coupled to the second Pull 
device; and 

an XNOR circuit arrangement having inputs operatively 
coupled to the ?rst Pass Gate and the second Pass Gate 
and an output Whereat a signal from said XNOR circuit 
arrangement is available. 

3. The integrated circuit of claim 2 further including a ?rst 
FET device operatively coupled betWeen the ?rst Pass Gate 
and one of the inputs to XNOR circuit arrangements and a 
second FET device operatively coupled betWeen the second 
Pass Gate and another one of the inputs to said XNOR 
circuit arrangement. 

4. The integrated circuit of claim 3 further including a ?rst 
ESD resistor connecting one of the differential pair inputs to 
the ?rst Pass Gate; and 

a second ESD resistor connecting another of the differ 
ential pair inputs to the second Pass Gate. 
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5. The integrated circuit of claim 3 further including a ?rst 
control signal coupled to the ?rst Pull device and the second 
Pull device. 

6. The integrated circuit of claim 3 further including a 
second control signal coupled to the ?rst Pass Gate and the 
second Pass Gate. 

7. A circuit arrangernent comprising: 

a ?rst Pull device; 

a ?rst Pass Gate operatively coupled to the ?rst Pull 
device; 

a second Pull device; 

a second Pass Gate operatively coupled to the second Pull 
device; and 

an XNOR circuit arrangernent having a ?rst input coupled 
to the ?rst Pass Gate, a second input coupled to the 
second Pass Gate and an output. 

8. The circuit arrangement of claim 7 further including a 
?rst biasing circuit operatively coupled to the ?rst input of 
the XNOR circuit arrangement; and 
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a second biasing circuit coupled to the second input of 
said XNOR circuit arrangement. 

9. The circuit arrangement of claim 8 Wherein the ?rst 
biasing circuit and the second biasing circuit includes 
N-channel devices. 

10. The circuit arrangement of claim 9 further including 
an inverter circuit and control signal for activating or 
deactivating the N-channel devices. 

11. An XNOR circuit comprising: 

a plurality of stages operatively coupled With each state 
including a plurality of P and N-Channel devices opera 
tively coupled and being supplied from a ?rst voltage 
source; and 

an output stage formed from P and N-channel devices 
operatively coupled and being supplied from a second 
voltage source. 


