
US 2008O144400A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2008/0144400 A1 

Martin et al. (43) Pub. Date: Jun. 19, 2008 

(54) SCANNING LATCHES USING SELECTING 
ARRAY 

Related U.S. Application Data 

(63) Continuation of application No. 10/896,505, filed on 
Jul. 22, 2004. (76) Inventors: Andrew Kenneth Martin, Austin, 

TX (US); Chandler Todd 
McDowell, Austin, TX (US); Publication Classification 
Robert Kevin Montoye, Austin, (51) Int. Cl. 
TX (US); Jun Sawada, Austin, TX GITC 7/10 (2006.01) 
(US) (52) U.S. Cl. ................................................... 365/189.05 

Correspondence Address: (57) ABSTRACT 
DLLON & YUDELL LLP 
8911 N. CAPITAL OF TEXAS HWY. SUITE 2110 
AUSTIN, TX 78759 

A method and system for Scanning data from a specific latch 
in a matrix array of latches. The matrix array is made up of 
vertical selector lines and horizontal data lines. Each latch is 

(21) Appl. No.: 12/041,158 coupled at an intersection of a selector line and a data line by 
a transistor. By turning on the transistor, the contents of the 

(22) Filed: Mar. 3, 2008 latch can be selectively read or written to. 

Line selecting 
signal DeCoder Line Selector 

316 312 
-------> o 

Clock 304-a 

Readf 
d Write block 1- A CIk 

310-a -- B Ck 
NFET 306-1- NFET 306.2 ) 

- Read 
Signal 

Latch atch - 
302-1 302-2 304-b 2 
-- g O 9 

Readf O 
Write block S 

310-b 

NFET 306-3- NFET 306.4-is 

- Latch Latch 
3OO 302-3 302-4 

is 314-a N- 314-b O 



US 2008/O144400 A1 Jun. 19, 2008 Sheet 1 of 8 Patent Application Publication 

  



US 2008/O144400 A1 Jun. 19, 2008 Sheet 2 of 8 Patent Application Publication 

CD 

J??SeW 

J??SeW 
is 
is 

c 
c 
C/O 

st 

    

  

  

  

  



US 2008/0144400 A1 Jun. 19, 2008 Sheet 3 of 8 Patent Application Publication 

90 

3-GOW' 
! 5 

FGOTS, 
[3-90's 

ÁX 
AWA 

Zl 9L Gl ZL | || 

EIN|| 

  

  



US 2008/O144400 A1 Jun. 19, 2008 Sheet 4 of 8 Patent Application Publication 

O 
JenCO/ indinC indu 

909 || El-HN @T? Jep009C] 

009 

  

  

  

  

  



US 2008/O144400 A1 Jun. 19, 2008 Sheet 5 of 8 

bu??oeles eu?T 

Patent Application Publication 

  



US 2008/O144400 A1 Jun. 19, 2008 Sheet 6 of 8 Patent Application Publication 

  

  

  

  

  

  



US 2008/O144400 A1 Patent Application Publication 

  



Patent Application Publication 

  

  



US 2008/0144400 A1 

SCANNING LATCHES USING SELECTING 
ARRAY 

PRIORITY CLAIM 

0001. The present application is a continuation of U.S. 
patent application Ser. No. 10/896,505 (Atty. Docket No. 
AUS920040243US1), filed on Jul. 22, 2004, and entitled, 
“Scanning Latches Using Selecting Array, which is incorpo 
rated herein by reference. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0002 The parent application is related to U.S. Pat. No. 
7,047.468, application Ser. No. 10/670,832, issued on May 
16, 2006, and incorporated herein by reference in its entirety. 

1. TECHNICAL FIELD 

0003. The present invention relates in general to the field 
of computers, and in particular to the observation and 
manipulation of data in state holding elements. Still more 
particularly, the present invention relates to a method and 
system for reading and writing latch data by selecting a spe 
cific latch through the use of a line selector. 

2. DESCRIPTION OF THE RELATED ART 

0004 Computing processor logic is typically made up of 
multiple clusters of combinatorial logic (hereinafter referred 
to as "logic) and data latches. The logic executes machine 
instructions to manipulate data, and the data latches store 
data, including input data being input into logic as well as 
output data being output from the logic after manipulation. A 
typical collection of logic and latches is shown in FIG. 1a as 
logic/latch array 100. 
0005 Logic/latch array 100 is made up of multiple state 
holding elements 102 (typically latches) and logics 104. Data 
bits are input into the top state holding elements 102 where 
the data bits are latched, and at a Subsequent clock cycle are 
applied to one or more logics 104. The results of the opera 
tions of the logics 104 are then outputted to one or more other 
state holding elements 102, and so on until the final results are 
outputted at the bottom of the logic/latch array 100. A chip is 
composed of many such blocks of logic and latches. 
0006. A common desire when a chip is manufactured is to 

test whether there are any defects in the manufacturing pro 
cess that may cause the chip to function differently from that 
which would result from defect free manufacturing. A test 
program of data bits (“test vectors') inputted into the top of 
logic/latch array 100 will output known predicted results 
(“result vectors') from the bottom of the logic/latch array 100 
after a known number of clock cycles if the logic/latch array 
100 is working properly. However, for a large block of logic, 
a prohibitively large number of vectors may be required to 
determine if the logic/latch block is suitably free from 
defects. Additionally, the existence offeedback and jumps of 
data as shown by the arrows in FIG. 1a may increase the 
number of vectors required to detect all manufacturing 
defects, or may make it impossible to detect certain detects. 
One solution to the problem of having a large number of 
vectors is to independently check Smaller portions of the logic 
block. This can be accomplished by setting the state of the 
internal latches, clocking the system, and reading the results 
from the latches. By checking the subfunctions between the 
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latches, much smaller numbers of test vectors can be used to 
gain higher coverage of the faults. 
0007 Thus, to check the accuracy of the operation of 
logic/latch array 100, interim contents, resulting from opera 
tions performed by logics 102, of state holding elements 102 
are scanned out and inspected. Checking such intermediate 
operations and their results utilizes techniques such as Level 
Sensitive Scan Design (LSSD) tests, Generalized Scan 
Design (GSD) tests, or other scan design test techniques that 
enable testing at all levels of VLSI circuit packaging. The 
principles of the LSSD technique are described, for example, 
in U.S. Pat. No. 3,783,254, No. 3,784,907 and No. 3,961,252, 
all to Eichelberger and incorporated by reference in their 
entirety. 
0008 FIG. 1b illustrates latch pairs 106, analogous to the 
state holding elements 102 shown in FIG.1a, that are used for 
scanning data out of a latch array 101. Latch pairs 106 hold 
intermediate results of operations performed by logics 104 as 
described above. (For purposes of clarity, FIG. 1b omits rep 
resentations of logics 104 shown and described in FIG. 1a.) 
To facilitate trustworthy scans, each latch pair 106 illustrated 
in FIG. 1b includes a master latch M106 and a slave latch 
S106. The slave latches S106 are necessary to ensure that data 
is not lost through timing mishaps that could occur if data bits 
were to be passed directly from a first master latch to a second 
master latch. 
0009. During a scan-out process, a data bit in a first master 
latch is first moved to a first slave latch, which then passes the 
data bit to a second master latch, which then passes the data 
bit to a second slave latch, and so on until the data bit safely 
passes through the entire latch array 101. As depicted in FIG. 
1b, the latch array 101 of master latches M106 and slave 
latches S106 is under the clocking control of a first clock 
(A clk) for the master latches M106 and a second clock 
(B clk) for the slave latches S106. Thus, when a scan-out 
operation is performed, the data bits are scanned out in a serial 
manner as depicted, wherein the data bit in master latch 
M106-1 moves to slave latch S106-1, which passes the data 
bit to master latch M106-2, which passes the data bit to slave 
latch S106-2, and so on until the data bit is finally read out of 
latch array 101 through/from slave latch S106-x. 
0010 Referring now to FIG. 2, there is a block diagram of 
four master/slave latch pairs being scanned. Assume in FIG. 
2 that instead of twenty master/slave latch pairs M106/S106. 
as depicted in FIG. 1b, there are only four master/slave latch 
pairs M106-1/S106-1 through M106–4/S106-4 in a First-In 
First Out (FIFO) 206, as depicted. At initial time “T1, input 
queue 208 holds data elements “w, x, y, z. each master latch 
M106 holds a significant data bit (such as a result of an 
intermediate operations performed by Some piece of logic), 
each slave latch S106 is empty or in a “don’t care” state, and 
the output queue 210 is empty (or in a “don’t care state). At 
time “T2, all the data bits are shifted into the available slave 
latches. Thus, data bit “A” moves from master latch M106-1 
to slave latch S106-1, data bit “B” moves from master latch 
M106-2 to slave latch S106-2, data bit “C” moves from mas 
ter latch M106-3 to slave latch S106-3, and data bit “D’ 
moves from master latch M106-4 to slave latch S106–4. 

0011 Moving onto time"T3, the data bits are shifted into 
the master latches either from slave latches or from the exter 
nal queue. In addition a data bit will be shifted to the output 
queue. So, data bit “Z” from input queue 208 shifts into master 
latch M106-1, data bit “A” advances from slave latch S106-1 
into master latch M106-2, data bit “B” advances from slave 
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latch S106-2 into master latch M106-3, data bit “Cadvances 
from slave latch S106-3 into master latch M106–4, and data 
bit “D' advances from slave latch S106–4 into output queue 
210. (Note that input queue 208 and output queue 210 may 
also have master/slave latch pairs (not shown) as depicted for 
FIFO 206.) 
0012 Continuing along the time line in FIG. 2, significant 
data bits are continued to be scanned out of FIFO 206 until 
time “T9, at which time all of the leading data bits (w,x,y, z) 
originally in input queue 208 are scanned into FIFO 206, and 
all of the significant data bits (A, B, C, D) are scanned out of 
FIFO 206 into output queue 210. 
0013. One significant limitation of the traditional scan 
chain described in FIGS. 1a-band FIG. 2 is that all data in the 
scan chain must be scanned out in a serial manner. Thus, to 
view a specific scan chain latch, the entire scan chain must be 
scanned out, and the contents of a specific scan chain latch 
must be “picked out as it enters the output queue 210 shown 
in FIG. 2. 

0014. Another limitation of traditional scan chains is that 
they require the additional slave latches S106 to ensure accu 
rate serial movement through the serial pathway shown in 
FIG. 1b. Although additional latches are not needed when a 
logic/latch block stores internal states in master-slave flip 
flips, which themselves are pairs of master and slave latches, 
slave latches S106 are necessary if mid-cycle latches scheme 
is used, in which data is latched into a first latch on a clock 
signal rise, and then latched into a second latch on the same 
clock signal's fall. 
0015 Thus, it would be a useful improvement of the prior 
art to have a system that allows a specific latch to be directly 
accessed, allowing the examination of the contents of only 
that specific latch, without adding additional storage ele 
ments to the system. 

SUMMARY OF THE INVENTION 

0016. The present invention is therefore directed to a 
method and system for directly accessing internal data from a 
specific latch in a matrix array of latches. The matrix array 
includes vertical selector lines and horizontal data lines. Each 
latch is coupled at an intersection of a selector line and a data 
line by a transistor. By turning on the transistor, the contents 
of each latch can be selectively accessed. 
0017. Each latch in a single column selected by a selector 
line puts a high or low signal (binary data) on one of the data 
lines. The data on each of the data lines is then amplified by a 
sense-amplifier that senses whether the data on each data line 
is high or low. The data on the data lines is sent to an output 
buffer, and then to a computer, where the data (i.e., contents of 
the latches) can be examined. 
0018. Alternatively, each latch in a column can be indi 
vidually accessed using a “write transistor” to write data from 
a data line to a latch, and a different “read transistor” to read 
data to the data line from the same latch. 

0019. Alternatively, data can be read from particular 
latches by pre-charging the data lines, and then reading the 
contents of a column of latches by coupling each latch in the 
column to a respective data line. 
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0020. The above, as well as additional objectives, features, 
and advantages of the present invention will become apparent 
in the following detailed written description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021. The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself, however, as well as a preferred mode of use, further 
objects and advantages thereof, will best be understood by 
reference to the following detailed description of an illustra 
tive embodiment when read in conjunction with the accom 
panying drawings, where: 
0022 FIG. 1a depicts a prior art logic/latch array of state 
holding elements and processing logic; 
0023 FIG. 1b illustrates a prior art array of state holding 
elements having data sequentially scanned out; 
0024 FIG.2 depicts a single row of state holding elements 
having data scanned out using prior art master/slave latch 
pairs; 
0025 FIG.3a illustrates a 2x2 matrix of latches that can be 
read from or written to using a line selector and an input/ 
output (I/O) buffer; 
0026 FIG. 3b depicts a decoder used by the circuit illus 
trated in FIG. 3a and FIG. 5 to place a signal on a specified 
select line; 
0027 FIG. 4a illustrates a 2x2 matrix of latches that can 
read and write data to the latches using separate read and write 
select lines; 
(0028 FIG. 4b depicts a decoder used by the circuit illus 
trated in FIG. 4a to place a signal on a specified select line; 
and 
0029 FIG. 5 illustrates a 2x2 matrix of latches that can 
read data from latches using data line pre-chargers. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

0030. With reference now to FIG. 3a, there is depicted a 
preferred embodiment of the present invention for reading 
and writing data from latches. Depicted is a matrix 300, which 
is a 2x2 matrix of four state holding elements shown in 
exemplary form as latches 302-1 to 4. Only a 2x2 matrix is 
shown for purposes of clarity, but it is understood that scan 
matrix 300 may contain hundreds, thousands, or more latches 
3O2. 
0031. Each latch 302 is coupled to a data line 304 via an 
NFET (N-type Field Effect Transistor). For example, latch 
302-1 is coupled to data line 304-a via NFET 3.06-1. Data 
lines 304 are coupled to an output scan storage unit shown as 
an Input/Output (I/O) buffer 308, which is a data buffer for 
data being written to or read from the latches 302. Consider as 
an example of usage of the present invention the steps taken to 
read data from exemplary latch 302-1. 
0032. First a read/write block 310-a is switched to a “Read 
mode” to allow data on data line 304-a to be sensed, and then 
to amplify that data for transmission to and storage in a 
specific latch (not shown) in I/O buffer 308. Also, a “Read 
Signal is set high in the I/O buffer 308, allowing data from 
data line 304-a to be stored in a specific latch (not shown) in 
I/O buffer 308. Additionally, a line selecting signal is received 
in a line selector 312, which using circuitry shown in detail in 
FIG.3b, causes a select line 314-a to go high (positive voltage 
representing a logic 1), thus turning on NFET 30.6-1. If latch 
302-1 is holding a “0”, then a “0” (low voltage) is put on data 
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line 304-a. Conversely, if latch 302-1 is holding a “1”, then 
NFET306-1 allows a positive voltage charge to be put on data 
line 304-a. The content of data line 304-a (high or low: “1” or 
“O) is then sensed and amplified by read/write block 310-a, 
and that data is then stored in I/O buffer 308. 
0033. The latch data copied to the I/O buffer 308 can be 
read using a normal LSSD scanning technique. That is, by 
alternatively setting 'A Clk” and “B Clk' to high, the data 
stored in the I/O buffer is read sequentially from the “Output' 
port of I/O buffer 308. The internal structure of I/O buffer 308 
is clear to those skilled in the art of LSSD scan technique. 
0034. In order to read all the data stored in all the latches, 
data can be read column by column. For example, all the latch 
contents in FIG. 3a can be read by first setting the selector 
signal 314-a to copy the latch values of latch 302-1 and latch 
302-3 into the I/O buffer 308, then transferring the contents of 
the I/O buffer using the above mentioned technique to an 
external device Such as a computer, then setting the selector 
signal 314-b to copy the latch values of latch 302-2 and latch 
302-4 into the I/O buffer, and then transferring those values 
from the I/O buffer 308 to the external device. 

0035. With reference now to FIG. 3b, additional detail is 
shown for preferred circuitry used to select a particular select 
line 314. A decoder 316 in line selector 312 (shown in FIG. 
3a) receives a line selecting signal. Decoder 316 is able to 
take the line selector signal input on “n” input lines to cause 
one of 2' select lines 314-a, b, .x or n to ultimately go high. 
(Select lines 314 x and n are for other columns of latches 302 
that are not shown in FIG.3a). 
0036) Assume that the line selecting signal shown in FIG. 
3b is input on two lines (n=2). Using binary math, this allows 
four binary values (00, 01, 10, 11) to be input and decoded. If 
the input on the two lines is 01, then output line "01" being 
input into an AND gate 318-a will be high. If the clock signal 
is also high, then the output of AND gate 318-a and only 
318-a will be high, making select line 314-a the only high 
select line. (Note that voltage control components 324 are 
optional, and may be used to control the slew rate of NFETs 
306 in a manner described below. If voltage control compo 
nents 324 are not present, then select lines 314 are output 
directly from AND gates 318.) 
0037 Next, consider steps taken when writing data to 
exemplary latch 302-1 as shown in FIG. 3a. 
0038 First, data to be written is shifted into the I/O buffer 
by the LSSD scan technique, toggling the A Clk and B Clk. 
Then, the read/write block 310-a is switched to a “Write 
mode” to allow the stored data from a latch (not shown) in I/O 
buffer 308 to be put on data line 304-a. Then, a line selecting 
signal is received in line selector 312, which using circuitry 
shown in FIG.3b, causes select line 314-a to go high (positive 
voltage representing a logic 1), thus turning on NFET 30.6-1. 
The content of data line 304-a is then stored in latch 302-1. 
0039. In order to use to use the same NFET 306 to either 
read or write data to a latch 302, different methods can be 
used. For the purpose of example, consider reading or writing 
data to latch 302-1. One method of selectively reading or 
writing this data is to vary the slew rate of NFET 3.06-1. By 
having a slow slew rate (gradually turning NFET306-1), then 
the content of latch 302-1 will be allowed to be slowly put on 
data line 304-a, preventing the charge in the data line 304-a 
from disturbing the value in the latch 302-1. Alternatively, by 
having an high slew rate (quickly turning on NFET 3.06-1), 
the charge stored in the data-line Suddenly rushes into the 
latch 302-1, overwriting the data-stored in the latch. The slew 
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rate is controlled by voltage control components 324 shown 
in FIG. 3b in a manner understood by those skilled in the art 
of electronics. 
0040 Similarly, a threshold voltage level of NFET 3.06-1 
can be manipulated to allow data to be read or written to latch 
302-1. If a control voltage on NFET 3.06-1 is maintained in a 
middle range (such that NFET 3.06-1 is only partially turned 
on), the data in the latch slowly changes the value in the 
data-line 304-a, resulting in a read operation. Conversely, if 
the control voltage of NFET306-1 is such that NFET 3.06-1 is 
turned fully on, then the contents of data line 304-a are forced 
into latch 302-1, resulting in a write operation. 
0041 Alternatively, a voltage difference in latch 302-1 
and data line 304-a can result in NFET 3.06-1 being used to 
permit a write operation to latch 302-1. Thus, using latch 
302-1 as an example, assume that the transistors in latch 
302-1 are tied to a supply voltage identified as V. Putting on 
data line 304-a a voltage V that is positively higher that V 
represents a “1” on data line 304-a. Since V is much greater 
(more positive) than V, then the “1” on data line 304-a will 
be forced into (written to) latch 302-1. Similarly, putting a 
Voltage V on data line 304-a that is much less (more nega 
tive) than V represents a “0” on data line 304-a. Since V is 
much more negative than V, then any charge in latch 302-1 
will be pushed onto data line 304-a, resulting in a “0” being 
written to latch 302-1. 
0042. The steps for reading or writing to other latches 302 
shown in FIG.3a are the same as described above with respect 
to latch 302-1. 

0043. With reference now to FIG. 4a, there is illustrated an 
alternate preferred embodiment of the latch read/write cir 
cuitry shown in FIG. 3a. The difference in FIG. 4a is that 
instead of a same select line 314 regardless of whether data is 
to be read or writtento a latch 302, each column of latches 302 
have different read select lines 402 and write select lines 404 
that are selected by a line selector 402 having a decoder 408. 
The read select lines 402 and write select lines 404 are 
coupled to separate Field Effect Transistors (FETs), identified 
as Read FETs (RFETs) and Write FETs (WFETs). Thus, the 
function of the single FETs 306 shown in FIG. 3a is broken 
out into separate RFETs and WFETs. 
0044) The choice of whether a read or write operation is to 
be performed depends on the value of the Read/Write signal 
coming into line selector 402. Note that the function of read/ 
write blocks 310 and I/O buffer 308 is similar to that 
described above for FIG. 3a, and will not be reiterated here. 
0045 Preferably, RFETs are small transistors similar to 
those used in inverter 322-1 small, and the WFETs are large 
transistors similar to those found in inverters 322-2 large, 
both inverters making up latch 302-1. Thus, when a WFET is 
turned on, its brute power allows it to overcome any push 
back from inverter 322-1 small, resulting in a write operation 
to the latch 302-1. Similarly, when an RFET is turned on, it 
offers little resistance to inverter 322-2 large, resulting in data 
passing from latch 302-1 to data line 304 for a read operation. 
0046 Referring now to FIG. 4b, the selection of a read or 
write select line depends on the input of the line selecting 
signal as well as the Read/Write signal coming into the 
decoder 408. Consider as an example the events that occur if 
data is to be read from latch 302-1. Assume that line selecting 
signal is on a single line (n=1). Assume also that a signal of 
“0” on the Read/Write signal means “read, and a signal of 
“1” on the Read/Write signal means “write.” To put read 
select line 402-a high, then the input on the single line select 
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ing signal is “1,” and the input on the read/write signal is "0. 
These inputs cause the line corresponding to the “10 output 
to go high. The line from the “10 output is logically ANDed 
with a high clock signal in AND gate 406-2 to produce a high 
signal on read select line 402-a. Similarly, if data is to be 
written from latch 302-1, then a signal of “1” is input as the 
line selecting signal, and a signal of “1” is input as the Read/ 
Write signal, thus causing the line from the output labeled 
“11” to go high. When this line is logically ANDed with a 
high clock signal in AND gate 406-1, then write select line 
404-a goes high. 
0047. While terms such as “high” and “low” have been 
used in an exemplary manner to describe logical “1” and “O'” 
respectively, it is understood that alternate logical values may 
be used by altering circuitry (such as substituting PFETs for 
NFETs) to achieve a same logical result. Likewise, the AND 
gates 318 and 406, shown respectively in FIGS. 3b and 4b. 
may be NAND, OR, NOR or other logical units with minimal 
alteration of the circuitry. 
0048 Referring now to FIG. 5, a matrix 500 is depicted 
that is similar to matrix 300 depicted in FIG. 3a, except that 
matrix 500 can only read data from latches 302. Data is read 
from pre-charged data lines 304, which are pre-charged using 
pre-chargers 502. Steps taken to read data from latches 302 
shown in FIG. 5 are as follows. First, data lines 304 are 
pre-charged with a “1” signal upon a low clock signal being 
input into line selector 302 and a PFET in each pre-charger 
502. The low signal turns on each PFET, allowing each data 
line 304 to be coupled to V. Since line selector 312 uses the 
same decoder 304 and circuitry described in FIG. 3b, none of 
the read select lines 314 have a read signal (high) on the line. 
0049. When the clock signal then goes high, the PFETs in 
the pre-chargers 502 are turned off, thus isolating the data 
lines 304 from V. After turning on a select line 314, data 
latched in selected latches 302 is then sensed on a data line 
304 and amplified by read blocks 504. The data is then sent to 
an Output buffer 506. 
0050 Consider an example of reading a “0” from latch 
302-1. After pre-charging data line 304-a using pre-charger 
502-a, a high Read signal “1” is put on select line 314-a. This 
high signal turns NFET-1a on. Since latch 302-1 is outputting 
a “0” then NFET-1b (acting as a discharge switch to data line 
304-a) is turned off, thus blocking a pathway from data line 
304-a to ground. Therefore, data line 304-a will still have a 
charge, indicative of a “1,” which is the inverse of the true 
content of latch 302-1. Therefore, an inverter 508-a is located 
between read block 504-a and Output buffer 506, resulting in 
a correct value of “0” being stored in Output buffer 506. (To 
rectify the value read out of latch 302-1, the value can alter 
nately be inverted using Software.) 
0051. Now consider reading a “1” from latch 302-1. After 
pre-charging data line 304-a using pre-charger 502-a, a high 
Read signal “1” is put on select line 314-a. As before, this 
high signal turns NFET-1a on, but now, since latch 302-1 is 
outputting a “1,”, then NFET-1b is turned on, thus allowing 
NFET1b to act as a discharge switch to discharge data line 
304-a. As data line 304-a now has no charge, indicative of a 
“0” then inverter 508-a (or alternatively, software) inverts 
this value to a “1,” thus representing the true content of latch 
302-1. 

0052 An advantage of the system shown in FIG. 5 is that 
there is no “bounce” on data lines 304, and thus the length of 
data lines 304 is of little or no consequence in the operation of 
the scan system. A disadvantage of the system shown in FIG. 
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5, however, is that the charge on data lines 304 must be 
captured by Output buffer 506 before the charge on the data 
lines 314 bleeds off from errant pathways. Another, and per 
haps more significant, disadvantage is that data can only be 
read from, and not written to, the latches 302. 
0053 While the line selectors 312 in the preceding figures 
have been depicted using a multiplexer (MUX) decoder 304, 
alternatively select lines can be set high (or low) using a shift 
register (not shown). That is, each external scan clock signal 
going into Scan clock generator can result in a different indi 
vidual select line going high, usually in a sequential manner. 
Thus, in FIG. 3b, a first external scan clock signal causes 
select line 314-b to go high, a second external scan clock 
signal causes select line 314-a to go high, and so on for other 
select lines 314-x and then 314-n. 
0054 Whichever method is used to cause a select line to 
go high, preferably only a single select line can be set high 
while all other select lines remain low. This allows a specific 
column of latches to be selected. When a specific column of 
latches is selected by a read signal on a select line, the con 
tents of some or all of those latches can be captured by the 
output buffer. 
0055 For purposes of clarity, each state holding element 
has been described as a latch. Note however that these state 
holding elements may be any holding element capable of 
holding scan data. Such state holding elements may be flip 
flops, registers, or any other similar state holding element. 
Further, the state holding elements may simply be a wire, 
capacitor, or other physical device charged or discharged to 
reflect a logic state. 
0056. Note also that for purposes of clarity, the latches 302 
are depicted in 2x2 matrices of horizontal rows and vertical 
columns. While this orientation is referenced in the specifi 
cation and associated claims, it is understood that the orien 
tation is not limited by Cartesian directions such as horizontal 
and vertical or rows and column. Thus, a reference to a "hori 
Zontal array or a “row’ is only to distinguish an array of 
latches 302 in their coupling to a single data line when com 
pared to latches in a “vertical array or “column coupled to 
a single select line. Note also that the 2x2 size of the matrices 
is for purposes of illustration only, as it is understood that the 
size of the matrices is preferably much larger than 2x2. 
0057 While individual switches are depicted as various 
FETs (NFETs and PFETs), it is understood that any similar 
Switching device may be used, including BJTs and other 
similar Switches, so long as signal are adjusted accordingly to 
turn the Switches on and off in the manner described above. 
0058. The present invention, as described in its preferred 
embodiment, is thus able to scan data out of latches with 
greatly increased granularity, including immediately select 
ing a single latch within a latch matrix (array). Furthermore, 
since each latch can be directly accessed, the datajam shown 
in FIG. 2 is also avoided. Note that this data jam can be 
avoided both in the scan direction as well as the data flow 
direction, as is also the case of the system and method 
described in co-pending U.S. patent application Ser. No. 
10/670,832. 
0059. It should be understood that at least some aspects of 
the present invention may be implemented in a program prod 
uct. Programs defining functions on the present invention can 
be delivered to a data storage system or a computer system via 
a variety of signal-bearing media, which include, without 
limitation, non-writable storage media (e.g., CD-ROM), writ 
able storage media (e.g., a floppy diskette, hard disk drive, 
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read/write CD ROM, optical media), and communication 
media, Such as computer and telephone networks including 
Ethernet. It should be understood, therefore in such single 
bearing media when carrying or encoding computer readable 
instructions that direct method functions in the present inven 
tion, represent alternative embodiments of the present inven 
tion. Further, it is understood that the present invention may 
be implemented by a system having means in the form of 
hardware, Software, or a combination of Software and hard 
ware as described herein or their equivalent. 
0060. While the invention has been particularly shown and 
described with reference to a preferred embodiment, it will be 
understood by those skilled in the art that various changes in 
form and detail may be made therein without departing from 
the spirit and scope of the invention. 
What is claimed is: 
1. A tangible computer storage medium containing a com 

puter program product, wherein the computer program prod 
uct, when executed, performs the method of: 

in a matrix having multiple data flow paths composed of 
multiple latches having intervening logic circuits, the 
latches functionally composed of holding devices for 
logic circuit data, selectively interconnecting latches in 
different data flow paths of the multiple data flow paths; 
and 

coupling two or more latches in two or more data flow paths 
by Switching devices, the Switching devices being acti 
vated by a line selector that activates the switching 
devices along a column of the matrix, wherein the con 
tents of latches in the column are output to multiple data 
lines along rows of the matrix. 

2. The tangible computer storage medium of claim 1, 
wherein the method further comprises: 
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selecting one of the rows of the matrix to access data in the 
latches in that row. 

3. The tangible computer storage medium of claim 1, 
wherein the method further comprises: 

coupling an input/output (I/O) buffer to the data line, 
wherein data read from the latches is transmitted via the 
data line to the I/O buffer. 

4. The tangible computer storage medium of claim 1, 
wherein each of the latches is composed offeedback coupled 
inverters, wherein the Switching devices are transistors. 

5. The tangible computer storage medium of claim 1, 
wherein the method further comprises: 

pre-charging the data lines; and 
coupling each one of the latches to ground with a separate 

discharge Switch, wherein if a latch holds a first logical 
value, then the data line that is coupled to that latch is 
discharged, and wherein if that latch holds a second 
logical value, then the data line coupled to that latch 
remains charged. 

6. The tangible computer storage medium of claim 1, 
wherein the method further comprises: 

coupling at least one read select line and at least one write 
select line to a line selector; 

coupling each latch in the matrix to one of the read select 
lines via a separate read Switch; and 

coupling each latch in the matrix to one of the write select 
lines via a separate write switch, wherein the read switch 
is controlled by one of the read select lines, and the write 
switch is controlled by one of the write select lines, and 
wherein data is read from the latch to the data line by 
closing the read switch while the write switch is open, 
and wherein data is written from the data line to the latch 
by closing the write switch while the read switch is open. 
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