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(57) ABSTRACT 

The invention relates to an integrated circuit With at least an 
analog and a digital circuit that are interconnected by a 
signal path. In order to enable separate testing of the circuits, 
for example in accordance With the macro test approach, in 
the signal path a special seam circuit (200) is inserted. The 
seam circuit (200) is essentially a feedback loop (214) 
having a scannable ?ip-?op (210) and a multiplexer (220). 
The ?ip-?op (210) feeds a ?rst input of the multiplexer 
(220), Whereas a second input of the multiplexer (220) 
establishes an input (230) of the seam circuit (200). An 
output of the feedback loop (214) establishes an output of 
the seam circuit (200). The state of the multiplexer (220) 
de?nes the state of the seam circuit (200), in a ?rst state of 
the multiplexer (220) the seam circuit (200) being transpar 
ent for signals being transferred along the signal path from 
one circuit to another, and in a second state of the multi 
plexer (220) the seam circuit (200) outputting a signal that 
Was loaded in the feedback loop (214) beforehand. 
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TESTABLE IC HAVING ANALOG AND DIGITAL 
CIRCUITS 

[0001] The invention relates to an integrated circuit (IC) 
comprising at least one analog circuit, at least one digital 
circuit and at least one signal path betWeen the analog circuit 
and the digital circuit. 

[0002] Such circuits are found in a number of applications. 
An example in the area of video processing is a so-called 
one-chip TV, Which is an IC that performs all television 
speci?c signal processing, both analog and digital. For 
reasons of design and test efficiency, design of such an IC 
runs along the lines of identifying a number of more or less 
independent subfunctions and implementing these subfunc 
tions as separate circuits or functional blocks, also called 
cores or macros. In a later design stage, the various (analog 
and digital) macros are interconnected through a number of 
signal paths, thereby eventually enabling the IC to perform 
its intended functionality. 

[0003] Production testing of such an IC is preferably 
carried out according to the macro test concept, i.e. all 
macros are tested individually, rather than that the IC is 
tested as a Whole. For further information on macro testing 
reference is had to US. Pat. No. 5,477,548 (Attorney’s 
docket PHN 13,061). 

[0004] The presence of the signal path betWeen the analog 
and the digital macro poses a number of problems When 
separately testing these macros. If the signal path establishes 
an input to the digital macro, for the test of the digital macro 
it represents an uncontrollable input, Whereas for the test of 
the analog macro, the signal path forms an unobservable 
output. Similar problems occur When the signal path estab 
lishes an input to the analog macro. 

[0005] A Well knoWn approach to enhance observability 
and controllability in a digital circuit is to use a scan-based 
design. In a scan-based design, the memory elements (eg 
?ip-?ops) are not only connected to each other via normal 
data paths, establishing the intended functionality of the 
circuit, but also via so-called scan data paths, Which estab 
lish one or more so-called scan chains. A scan chain is 

essentially a shift register that alloWs the memory elements 
therein to be loaded and unloaded serially, in that Way 
alloWing the digital circuit to be tested according to the scan 
test principle. The scan test principle Works as folloWs. 
Firstly, the digital circuit is put to a scan state, during Which 
test patterns are shifted into the scan chains. Secondly, the 
digital circuit is put to an execution state, Which results in 
response patterns being generated in the scan chains under 
in?uence of the loaded test patterns. Thirdly, after putting 
the digital circuit into the scan state again, the response 
patterns are shifted out from the scan chains for evaluation. 
This sequence can be repeated for a large number of test 
patterns and combinations of input signals. Faults result in 
deviating response patterns. 

[0006] If the digital macro is intended to have a scan based 
design, the lack of controllability and observability of the 
signal path could be reduced by taking care that the signal 
path on the boundary of the digital circuit passes through a 
scannable memory element, i.e. through a memory element 
that is part of a scan chain. Again assuming that the signal 
path is an input to the digital macro, the scannable memory 
element provides an instrument for observing signals pro 
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duced by the analog macro, and for controlling incoming 
signals to the digital macro. The same applies to the situation 
that the signal path provides an input to the analog macro. 
Such kind of con?guration, hoWever, offers only limited test 
opportunities for the analog and the digital macro. 

[0007] It is an object of the invention to provide an IC as 
speci?ed in the preamble Which offers a broader range of test 
opportunities for testing the analog and the digital macro. To 
this end, the circuit according to the invention is character 
iZed in that the signal path betWeen the analog and the digital 
macro passes through a seam circuit via a seam input and a 
seam output thereof, the seam circuit comprising a feedback 
loop having a seam memory element being part of a scan 
chain and a seam multiplexer, the seam memory element 
feeding a ?rst input of the multiplexer, a second input of the 
multiplexer representing the seam input, an output of the 
feedback loop representing the seam output. In this Way, a 
?rst state of the multiplexer alloWs loading of a data bit into 
the feedback loop via the seam input, and a second state of 
the multiplexer freeZes the data bit in the feedback loop. 

[0008] The seam circuit provides an observable and con 
trollable node on the interface signal path betWeen the 
digital and the analog macro. When the seam multiplexer is 
operated in the ?rst state, an incoming signal at the seam 
input is presented to the input of the seam memory element 
so that it can be stored to be observed later on by appropriate 
shifting operations of the corresponding scan chain. More 
over, When the seam multiplexer is in the ?rst state, the seam 
circuit is transparent for signals betWeen the macros. When 
the seam multiplexer is operated in the second state, the 
outgoing signal at the seam output is determined by the 
value that is stored in the scannable memory element, Which 
value can be loaded therein beforehand by appropriate 
shifting operations of the corresponding scan chain. 

[0009] When the seam circuit is inserted in a signal path 
that provides an input to the digital macro, it further provides 
a Way to really isolate the analog macro from the digital 
macro. This is particularly advantageous if the digital macro 
is to be tested by means of IDDQ testing. In IDDQ testing, 
use is made of the fact that a faultless CMOS IC draWs a 
very loW quiescent poWer-supply current (IDDQ). Anumber 
of faults, hoWever, such as shorts, increase the poWer-supply 
current substantially if the IC is provided With appropriate 
test patterns activating the fault. By measuring the poWer 
supply current to the digital macro, such faults can be 
detected. It is very important that While measuring the 
poWer-supply current, the digital macro is truly in a steady 
state. When, hoWever, the signal path carries an asynchro 
nous analog signal, that signal induces currents in the ?rst 
stages of one or more memory elements, giving rise to a 
higher poWer-supply current, Which conceals the faults to be 
detected. With the seam circuit in the signal path, this is 
avoided by putting the seam circuit in the second state. In the 
second state, the analog signal is disconnected from the 
digital macro and can no longer in?uence the IDDQ mea 
surement, Whereas the input of the memory element receives 
a Well-de?ned signal from its oWn output. Thus, the seam 
circuit enables the digital macro to be tested by means of 
IDDQ as it provides a Way to make the inputs to the digital 
macro stable. Moreover, the added seam circuit itself has a 
high test coverage. 

[0010] Furthermore, When there is a plurality of signal 
paths betWeen the macros, each of Which signal paths being 
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provided With a seam circuit, the fact that, in the second 
mode, the seam circuit output remains stable When the seam 
circuit is clocked, can be used advantageously When testing 
either one of the macros. This Works as follows. By putting 
the seam circuits in signal paths that form outputs of the 
macro to be tested in the ?rst state and the seam circuits in 
signal paths that form inputs to that macro in the second 
state, the outputs of the macro can be observed While the 
inputs are kept stable. This is particularly advantageous 
While testing the analog macro, if the analog macro through 
the signal paths receives control signals that are required for 
its proper setting. By keeping the input signals stable, 
disturbance of the analog macro is avoided. Such distur 
bance can better be avoided as it requires the analog macro 
to settle ?rst before testing can proceed, thereby increasing 
total test time. Depending on the kind of analog macro and 
the kind of input signal, the settling time could be as high as 
1 ms, or even higher. 

[0011] A ?rst type of seam circuit is de?ned by the 
embodiment of the invention according to claim 2. The ?rst 
type of seam circuit introduces a delay in the signal path that 
only comprises the delay of the multiplexer. A second type 
of seam circuit is de?ned by the embodiment of the inven 
tion according to claim 3. The second type of seam circuit 
is particularly advantageous in case a scannable ?ip-?op in 
the signal path is present anyWay. Then the incorporation of 
the seam circuit hardly increases circuit area. 

[0012] The embodiment of the invention according to 
claim 4 has the advantage that, While shifting in neW test 
data/shifting out response data via the scan chain, the output 
of the seam circuit can be kept silent by means of the latch. 
This is particularly useful for signal paths providing an input 
to the analog macro. If to such an input a train of pulses 
Would be presented, this could Well cause disturbances in the 
analog macro, requiring some time for the analog macro to 
settle before testing can proceed after a shift operation. This 
Wastes valuable test time. 

[0013] The embodiment of the invention according to 
claim 5 has the advantage that the memory elements of the 
seam circuits can be read and Written fast via the second scan 
chain, as the memory elements of the digital macro are in a 
Way bypassed. Furthermore, the embodiment has the advan 
tage that in the second test mode thereof it alloWs the digital 
macro to run in normal mode While simultaneously provid 
ing access to the seam memory elements via the second scan 
chain. This is particularly advantageous in case the analog 
macro requires dynamic input signals With a particular 
functional timing behaviour from the digital macro. By 
alloWing the digital macro to run in normal mode, it can 
generate the dynamic input signals, Whereas via the second 
scan chain other (static) input signals can be applied to the 
analog macro, and output signals of the analog macro can be 
sampled and accessed. A further advantage of the embodi 
ment is that the analog macro can be tested even When the 
digital macro has faults, notably faults affecting the ?rst scan 
chain. This is handy during the development process When 
?rst silicon is produced. Being able to determine Whether or 
not the analog macro is faultless is already valuable infor 
mation in that stage. 

[0014] Non-prepublished International Application PCT/ 
IB97/01346 (Attorney’s docket PHN 16124, corresponding 
to US. patent application Ser. No. 08/959,782) describes an 
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IC comprising a ?rst and a second clock domain being 
respectively controlled by a ?rst and a second clock signal, 
the ?rst clock domain and the second clock domain being 
interconnected via a set of signal paths, each of Which 
comprising a respective string of ?ip-?ops, an initial ?ip 
?op of the string being located in the ?rst clock domain and 
a ?nal ?ip-?op of the string being located in the second 
clock domain, the string being arranged for serially moving 
a data bit along its ?ip-?ops from the ?rst to the second clock 
domain under control of the ?rst and the second clock 
signals. Each one of the signal paths includes a seam circuit 
comprising: a seam input; a seam output; a feedback loop 
having a seam multiplexer and a seam ?ip-?op being part of 
the relevant string and being part of a scan chain, the seam 
?ip-?op feeding a ?rst input of the multiplexer, a second 
input of the multiplexer representing the seam input, an 
output of the feedback loop representing the seam output; so 
that a ?rst state of the multiplexer alloWs loading of a data 
bit into the feedback loop via the seam input, and a second 
state of the multiplexer freeZes the data bit in the feedback 
loop. That PCT application does not disclose interconnected 
analog and digital circuits. 

[0015] These and other aspects of the invention Will be 
apparent from and elucidated With reference to the embodi 
ments described hereinafter. 

[0016] 
[0017] FIG. 1 shoWs an IC in accordance With the inven 
tion, 
[0018] FIG. 2 shoWs a schematic vieW of a ?rst type of 
seam circuit in accordance With the invention, 

[0019] FIG. 3 shoWs a schematic vieW of a second type of 
seam circuit in accordance With the invention, 

[0020] FIG. 4 shoWs a ?rst embodiment of the ?rst type 
of seam circuit in accordance With the invention, 

[0021] FIG. 5 shoWs a second embodiment of the ?rst 
type of seam circuit in accordance With the invention, and 

In the draWings: 

[0022] FIG. 6 shoWs an embodiment of the second type of 
seam circuit in accordance With the invention. 

[0023] FIG. 1 shoWs an IC 100 in accordance With the 
invention. The IC 100 comprises tWo analog macros 108, 
110 and a digital macro 120. The analog macros 108, 110 are 
connected to the digital macro 120 through a number of 
signal paths 112. The digital macro 120 comprises scannable 
memory elements in the form of ?ip-?ops 124, that are 
concatenated into a ?rst scan chain. While testing the macros 
108, 110, 120 separately, the ?ip-?ops 124 could be used for 
controlling and observing signals transferred betWeen the 
macros 108, 110, 120 via the signal paths 112. A disadvan 
tage of such an approach is that, While testing for example 
analog macro 108, observing an output signal thereof by 
clocking the ?ip-?ops 124 Would normally also cause input 
signals to that analog macro 108, eg control signals, to 
alter. In this Way, the analog macro 108 gets disturbed and 
needs to settle doWn before testing can proceed, Which 
causes test time to increase. Furthermore, it is hard to 
observe individual output signals from the analog macros 
108, 110 When they are combined through combinatory 
logic before entering the ?ip-?ops 124 of the ?rst scan chain. 
Moreover, testing the digital macro 120 by means of IDDQ 
is hard, as input signals of the digital macro produced by the 
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analog macro induce input stages of some of the ?ip-?ops 
124 to switch, causing an increased poWer-supply current 
level. 

[0024] To overcome these problems, in accordance With 
the invention the signal paths 112 are provided With seam 
circuits 130. The seam circuits 130 establish an observable 
and controllable boundary betWeen the analog macros 108, 
110 and the digital macro 120. Hereto, the seam ?ip-?ops are 
scannable, Which, in the particular implementation of IC 
100, is accomplished by chaining the seam ?ip ?ops in a 
second scan chain. The IC 100 further comprises a global 
test control block (TCB) 126 for, among others, selecting 
Whether the seam circuits 130 should pass on data along the 
normal data paths, comprising the signal paths 112, or along 
the scan data paths, i.e. the scan chains. Alternative Ways of 
controlling the seam circuits are of course possible. 

[0025] A multiplexer 128 is provided for selecting 
betWeen a ?rst and a second test mode, the ?rst and the 
second scan chain being operable as a single scan chain in 
the ?rst test mode and the second scan chain being operable 
independently of the ?rst scan chain in the second test mode. 
In the second test mode, the ?ip-?ops 124 of the ?rst scan 
chain are bypassed, Whereas the clock signal provided to the 
seam ?ip-?ops is independent of the clock signal of the 
digital macro 120. This alloWs that reading and loading of 
the seam ?ip-?ops via scan can take place Without interfer 
ing With the operation of the digital macro 120. Various 
alternative con?gurations With respect to the scan chains are 
possible, eg if there are enough pins available, a dedicated 
pair of pins could be reserved for the second scan chain. 

[0026] In addition to the seam circuits 130, that are 
inserted into corresponding signal paths 112, the second 
scan chain optionally has seam circuits 142 feeding control 
logic circuits 140. These control logic circuits 140 are 
inserted for providing control signals to the other seam 
circuits 130, thereby establishing a second source of control 
signals besides the TCB 126. 

[0027] FIG. 2 shoWs a schematic vieW of a ?rst type of 
seam circuit 200 in accordance With the invention. It com 
prises a seam ?ip-?op 210, a seam multiplexer 220, that is 
controlled by a direction control signal 212, a seam input 
230 and a seam output 240. It is silently understood that the 
seam ?ip-?op 210 is scannable or, in other Words, takes part 
in a scan chain, although the means necessary therefore (eg 
a further multiplexer) are not explicitly shoWn. The connec 
tions of the seam ?ip-?op 210 and the seam multiplexer 220 
establish a feedback loop 214. The seam circuit 200 has a 
?rst and a second state, corresponding to the ?rst and the 
second state of the seam multiplexer 220, respectively. The 
state the seam multiplexer 220 is in, is determined by a 
control signal 212 that is provided to the seam circuit 200 by 
the TCB 126. Alternative sources for the control signal 212 
are, for example, dedicated seam circuits. In the ?rst state, 
the seam multiplexer 220 Will pass on a signal it receives on 
the seam input 230 to the seam output 240, alloWing loading 
of a data bit into the feedback loop 214, under control of a 
clock signal provided to the clock input CLK. In the second 
state the data bit is froZen in the feedback loop 214. 

[0028] During a normal mode of the IC, the seam circuit 
200 is operated in the ?rst state. The stored copy of the 
interface signal in the seam ?ip-?op 210 then, is not utiliZed, 
and it is not relevant Whether the seam ?ip-?op receives a 
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clock signal. In a test mode of the IC, both the ?rst and the 
second state of the seam circuit 200 can be utiliZed. In the 
?rst state, the seam circuit 200 stores a sample of the signal 
at the seam output 240 in the seam ?ip-?op 210. In a scan 
state of the IC, this value can be shifted out. Thus, observ 
ability is obtained of the node that is formed by seam output 
240. In the second state, the seam circuit 200 drives the seam 
output 240 With the signal value shifted in the seam ?ip-?op 
210 in the preceding scan state of the circuit, While at the 
same time, the seam circuit 200 is ignorant about changes at 
the seam input 230, regardless Whether a clock signal is 
provided. In this Way, the signal on the seam output 240 is 
controlled. 

[0029] FIG. 3 shoWs a schematic vieW of a second type of 
seam circuit 300 in accordance With the invention. It com 
prises a seam ?ip-?op 310, a seam multiplexer 320 having 
a ?rst and a second state under control of a signal 312, a 
seam input 330 and a seam output 340. The second type of 
seam circuit 300 differs from the ?rst type of seam circuit 
200 in that a feedback loop 314 is formed through connect 
ing seam output 340 to the output of the seam ?ip-?op 310 
instead of to the output of the seam multiplexer 320. The 
operation of the second type of seam circuit 300 is analogous 
to the operation of the ?rst type of seam circuit 200. The fact 
that in the second type of seam circuit 300 the signal path 
passes through the seam ?ip-?op 310 can be advantageous 
in some cases. 

[0030] FIG. 4 shoWs a ?rst embodiment of the ?rst type 
of seam circuit in accordance With the invention. The seam 
circuit 400 comprises a seam input 430 for connection to an 
output of an analog macro, and a seam output 440 for 
connection to an input of a digital macro. The seam circuit 
400 further comprises a seam ?ip-?op 410 and a seam 
multiplexer 420. The term seam multiplexer in the context of 
this text should be understood as a functional description, in 
the sense that any circuit is meant that alloWs selection of 
either one of its input signals (in the present embodiment 
provided by either the seam input 430 or an output of the 
seam ?ip-?op 410) to be passed on. The seam multiplexer 
420 is implemented as a pair of gates under control of 
control nodes 450, 452, that carry control signals that are 
each other’s inverse and are provided by the TCB 126. Apair 
of control nodes 458, 460 is provided for sWitching the seam 
?ip-?op 410 betWeen a scan state and a normal state and for 
resetting the seam ?ip-?op 410, respectively. In a scan state, 
the seam ?ip-?op 410 receives test data on its TD input via 
test data input node 454, Which forms a part of a scan data 
path With test data output node 456, Whereas in a normal 
state the seam ?ip-?op 410 receives data on its D input 
through seam multiplexer 420. A control node 462 is pro 
vided for application of a clock signal to the seam ?ip-?op 
410. 

[0031] FIG. 5 shoWs a second embodiment of the ?rst 
type of seam circuit in accordance With the invention. The 
seam circuit 500 comprises a seam input 530 for connection 
to an output of a digital macro, and a seam output 540 for 
connection to an input of an analog macro. The seam circuit 
500 further comprises a seam ?ip-?op 510 and a seam 
multiplexer 520. In comparison With the ?rst embodiment, 
the seam circuit 500 additionally comprises a latch 580 
under control of an additional control signal that is provided 
on node 582. With the aid of the latch 580, the seam output 
540 either folloWs an output of the seam multiplexer 520 or 
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is kept silent. The latter option can be advantageously used 
While shifting data along the scan chain, so that an analog 
macro that receives a control signal from the seam output 
540 does not get disturbed While scanning data. 

[0032] As can be seen in FIG. 4 and FIG. 5, both 
embodiments of the ?rst type of seam circuit provide a 
normal data path through the seam circuit Without passing 
through a seam ?ip-?op. 

[0033] FIG. 6 shoWs an embodiment of the second type of 
seam circuit in accordance With the invention. A seam 
?ip-?op 610, a seam multiplexer 620 and a latch 680 are 
connected such, that the normal data path betWeen seam 
input 630 and the seam output 640 runs through the seam 
?ip-?op 610. It Will be clear that the second type of seam 
circuit in the normal requires a clock signal provided to its 
clock input CLK in order for the seam ?ip-?op 610 to be 
able to pass on signals from its D-input to its Q-output. The 
fact that the seam ?ip-?op is comprised in the normal data 
path is prescribed in some cases anyWay, for example in 
combination With I2C logic. In those cases, the seam circuit 
600 only marginally adds to the IC area. 

[0034] In brief, a preferred embodiment of the invention 
relates to an integrated circuit With at least an analog and a 
digital circuit that are interconnected by a signal path. In 
order to enable separate testing of the circuits, for example 
in accordance With the macro test approach, in the signal 
path a special seam circuit is inserted. The seam circuit is 
essentially a feedback loop having a scannable ?ip-?op and 
a multiplexer. The ?ip-?op feeds a ?rst input of the multi 
plexer, Whereas a second input of the multiplexer establishes 
an input of the seam circuit. An output of the feedback loop 
establishes an output of the seam circuit. The state of the 
multiplexer de?nes the state of the seam circuit, in a ?rst 
state of the multiplexer the seam circuit being transparent for 
signals being transferred along the signal path from one 
circuit to another, and in a second state of the multiplexer the 
seam circuit outputting a signal that Was loaded in the 
feedback loop beforehand. 

[0035] It should be noted that the above-mentioned 
embodiments illustrate rather than limit the invention and 
that those skilled in the art Will be able to design many 
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alternative embodiments Without departing from the scope 
of the appended claims. In the claims, any reference signs 
placed betWeen parentheses shall not be construed as lim 
iting the claim. 

1. Integrated circuit (100) comprising at least one analog 
circuit (108), at least one digital circuit (120) and at least one 
signal path (112) betWeen the analog circuit (108) and the 
digital circuit (120), 

characteriZed in that said signal path (112) comprises a 
seam circuit (130), the seam circuit (130) comprising a 
feedback loop (214) having a seam memory element 
(210) being part of a scan chain and a seam multiplexer 
(220), the seam memory element (210) being coupled 
betWeen an output and a ?rst input of the seam multi 
plexer (220), a second input of the seam multiplexer 
(220) being coupled to an input of the seam circuit 
(230). 

2. Integrated circuit (100) as claimed in claim 1, Wherein 
an output of the seam circuit (130) is constituted by the 
output of the seam multiplexer (220). 

3. Integrated circuit (100) as claimed in claim 1, Wherein 
an output of the seam circuit (130) is constituted by an 
output of the seam memory element (310). 

4. Integrated circuit (100) as claimed in claim 1, the 
feedback loop (214) further comprising a latch (580), an 
output of Which constituting an output of the seam circuit 

(130). 
5. Integrated circuit (100) as claimed in claim 1, com 

prising a plurality of signal paths (112) between the analog 
circuit (108) and the digital circuit (120), the signal paths 
(112) of said plurality comprising respective seam circuits 
(130), memory elements of the digital circuit (120) being 
chained in a ?rst scan chain, seam memory elements (210) 
of the seam circuits (130) being chained in a second scan 
chain, the integrated circuit (100) having a ?rst and a second 
test mode, the ?rst and the second scan chains being 
operable as a single scan chain in the ?rst test mode and the 
second scan chain being operable independently of the ?rst 
scan chain in the second test mode. 


