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(57) ABSTRACT 

M parallel datastreams are interleaved into a serial bitstream 
and shifted into a staging register, so that bit Zeros of all 
datastreams shift in ?rst and bit (X-1)s last. All bits of the 
Mth datastream occupy uniformly spaced non-adjacent 
memory elements interconnected With a target memory 
device having M memory registers each of Width X. The 
Mth memory register of the memory device is addressed, 
simultaneously Writing all interconnected bits to the Mth 
memory register Within a single clock period. The bitstream 
is then shifted by one memory element, such that bits of the 
(M-1)th parallel datastream occupy the interconnected 
memory elements, the register address decrements, and the 
interconnected bits are simultaneously Written to the (M-1)th 
register. This process iterates until M registers are Written 

Int. Cl.7 ................................................... .. G11C 19/00 Within an elapsed time of M clock periods. Reading occurs 
US. Cl. .............................................................. .. 365/78 essentially in a reverse sequence. 
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READ/WRITE EIGHT-SLOT CAM WITH 
INTERLEAVING 

BACKGROUND 

[0001] Devices such as the PA-8500 processor chip have 
a built-in self-test (BIST) engine Which is programmed by a 
serial interface With staging registers. A staging register is 
conventionally used to handle the task of reading or Writing 
a register through a serial interface. In particular, a staging 
register can transfer programming instructions that are Writ 
ten to a BIST engine and can in addition transfer self-test 
data for interpretation and analysis. When Writing, a staging 
register collects serial data until a complete Word has shifted 
in, and then transfers that Word in parallel to a target register. 
When reading, a Word of data is transferred in parallel to the 
staging register and is then shifted out serially. This method 
performs acceptably When target and staging registers have 
matching Widths such as those used With the PA-8500, but 
is inef?cient for mismatched target and staging register 
Widths. 

[0002] Accordingly, it Would be advantageous to develop 
a system and method of ef?ciently programming a BIST 
engine incorporating narroW target registers. Additionally, it 
Would be advantageous to develop such a method and 
system having simpli?ed circuitry and operation. Moreover, 
it Would be advantageous to develop such a system and 
method utiliZing eXisting hardWare and BIST register meth 
odology to the greatest eXtent feasible. 

SUMMARY OF THE INVENTION 

[0003] The present invention is directed to a system and 
method that interface to the eXisting BIST register method 
ology and Which employ a staging register to Write to and 
read from a memory device having narroW memory regis 
ters. 

[0004] Staging registers incorporate eXisting technology, 
but interfacing interleaved data in a Wide staging register 
With a narroW register ?le, for eXample an eight-slot content 
addressable memory (CAM) With 10-bit slot Width, in 
accordance With the present invention, provides neW tWo 
fold advantages. First, all the CAM slots can be loaded in a 
single shift operation instead of eight individual operations 
Which Would otherWise have been required. Second, the 
circuitry required is simpli?ed by interleaving the data bits, 
such that reads and Writes occur in eight consecutive clock 
periods. This system and method handle a stream of data as 
it is shifting Within a staging register and transfer it to the 
CAM slots at the appropriate time. 

[0005] In Writing to a CAM or other target memory device 
having M memory registers, e.g., CAM slots, each With a 
Width of X bits, M parallel datastreams are interleaved using 
conventional hardWare or softWare techniques into a serial 
bitstream, Which is then shifted into a staging register of N 
memory elements, such that typically N is greater than the 
product of X and M. The bits are interleaved Within the 
bitstream so that all of the bit Zeros of the interleaved 
datastreams shift in ?rst, folloWed by all of the bit ones, the 
bit tWos, . . . , and ?nally the bit (X-1)s. The bits are aligned 
so that all X value bits of the Mth parallel datastream occupy 
uniformly spaced non-adjacent memory elements that are 
interconnected With the input port of the target memory 
device. Concurrently the Mth memory register of the 
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memory device is addressed, simultaneously Writing all X 
bits to the Mth slot or register of the memory device. This 
simultaneous parallel Writing operation occurs Within a 
single clock period of the system. The bitstream is then 
shifted by one memory element, such that the bits of the 
(M-1)th parallel datastream noW occupy the memory ele 
ment locations interconnected With the memory device, the 
memory device address is decremented, and X bits are 
simultaneously Written to the (M-1)th register of the 
memory device. This process is iterated until all M registers 
have been Written Within a total elapsed time of M clock 
periods. 
[0006] Reading data from the memory device is performed 
in essentially a reverse process, incorporating interatively 
decrementing the memory register address, parallel reading 
all of the contents of the memory register into non-adjacent 
memory elements of the staging register, and shifting the 
bitstream in the staging register to interleave the bits from 
the neXt read cycle. As With Writing, reading of all M 
registers occurs Within an elapsed time of M clock periods. 
After reading, the interleaved bitstream is shifted out of the 
staging register and is de-interleaved using conventional 
hardWare or softWare techniques. 

[0007] The principles of the invention can be applied to a 
variety of con?gurations, including various bit Widths and 
numbers of CAM slots, for eXample 16 CAM slots each 6 
bits Wide. Alternatively, the CAM can be replaced for 
eXample by a register ?le, a small segment of a larger 
memory, or a collection of narroW registers that communi 
cate With a Wide staging register. 

[0008] The foregoing has outlined rather broadly the fea 
tures and technical advantages of the present invention in 
order that the detailed description of the invention that 
folloWs may be better understood. Additional features and 
advantages of the invention Will be described hereinafter 
Which form the subject of the claims of the invention. It 
should be appreciated by those skilled in the art that the 
conception and speci?c embodiment disclosed may be 
readily utiliZed as a basis for modifying or designing other 
structures for carrying out the same purposes of the present 
invention. It should also be realiZed by those skilled in the 
art that such equivalent constructions do not depart from the 
spirit and scope of the invention as set forth in the appended 
claims. The novel features Which are believed to be char 
acteristic of the invention, both as to its organiZation and 
method of operation, together With further objects and 
advantages Will be better understood from the folloWing 
description When considered in connection With the accom 
panying ?gures. It is to be eXpressly understood, hoWever, 
that each of the ?gures is provided for the purpose of 
illustration and description only and is not intended as a 
de?nition of the limits of the present invention. 

BRIEF DESCRIPTION OF THE DRAWING 

[0009] For a more complete understanding of the present 
invention, reference is noW made to the folloWing descrip 
tions taken in conjunction With the accompanying draWing, 
in Which: 

[0010] FIGS. 1A and 1B together form a simpli?ed 
schematic diagram illustrating a staging register (STG) 
interconnected With an eight-slot content addressable 
memory (CAM), according to an embodiment of the present 
invention; and 
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[0011] FIG. 2 is a state diagram logically illustrating the 
operation of the embodiment depicted in FIGS. 1A-1B. 

DETAILED DESCRIPTION 

[0012] FIGS. 1A and 1B together form a simpli?ed 
schematic diagram illustrating a staging register (STG) 
interconnected With an eight-slot content addressable 
memory (CAM), according to an embodiment of the present 
invention. Typically staging register 12 is 152 bits (memory 
elements) Wide and communicates through a 152-bit parallel 
rbus 110 With a stack of other staging registers (not shoWn) 
Which are all also 152 bits Wide. In some implementations, 
other register Widths and/or numbers of registers are used, 
including single-register implementations. HoWever, these 
alternative implementations are logical equivalents of the 
embodiment illustrated in FIGS. 1A-1B. For simplicity, not 
all memory elements of staging register are shoWn in FIG. 
1A, and only selected memory elements are shoWn con 
nected to rbus 110. 

[0013] Staging register (STG) 12 has one serial input port 
(shift data in) 102, one serial output port (shift_data_out) 
104, three control bit inputs (shift 106-0, Write 106-1, and 
cam_to stg 106-2) at control port 106, and has an input/ 
output connection to a parallel data bus (rbus) 110. Serial 
data input port 102 feeds shift_data_in signals into staging 
register 12. Shift control bit 106-0 is high When staging 
register 12 is to shift. Write control bit 106-1 is high When 
the shift is a Write operation and is loW When the shift is a 
read operation. Cam_to stg control bit 106-2 is high for a 
read operation and loW for a Write operation, When the CAM 
has been selected for reading/Writing. A serial data output 
port 104 outputs shift_data_out signals from staging register 
12. 

[0014] A CAM 14 can be thought of as a register ?le With 
eight registers, each of Which is ten bits Wide. CAM 14 has 
a 10-bit data_in port connected through rbus 110 to memory 
elements 0, 8, 16, 24, 32, 40, 48, 52, 64, and 72 of staging 
register 12 and a 10-bit data_out port interconnected through 
a 10-bit Wide interconnect bus 116 to a CAM data buffer 16. 

[0015] Additionally, CAM 14 has a 3-bit addr port con 
nected to a CAM address counter 18 through an address line 
118, and a Write enable control port connected to a 
CAM shift control 13 (see FIG. 1B). When a WE control bit 
is high, the value present on data_in port is loaded into a 
CAM slot selected by the 3-bit addr control on the CAM 
addr port, originating at CAM address counter 18. When WE 
is loW, the data of the CAM slot selected by the 3-bit addr 
control is read out through the CAM data_out port through 
interconnect bus 116 to CAM data buffer 16. When cam 
_to_stg bit 106-2 is high, CAM data buffer 16 accepts the 
data from the data_out port of CAM 14 and drives it onto 
bits 8, 16, 24, 32, 40, 48, 56, 64, 72, and 80 of rbus 110 
connected to the corresponding memory elements of staging 
register 12. 

[0016] CAM address counter (CAC) 18 is a 3-bit counter. 
It has one control input bit (cac_dec) on a control intercon 
nect 114 and a 3-bit output through address line 118 to the 
addr port of CAM 14. When the cac_dec control signal is 
high, CAM address counter 18 decrements by one, and the 
current value of the counter is driven onto address line 118. 

[0017] Referring to FIG. 1B, a shift counter 15 has tWo 
control inputs, Write 106-1 and shift 106-0, and tWo output 
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bits, Wready 122 and rready 128. While a shift is occuring, 
shift counter 15 begins counting. It has tWo modes, depend 
ing on the status of Write control bit 106-1. If Write control 
bit 106-1 is high, then a predetermined count threshold is set 
and When reached, Wready goes high. If Write control bit 
106-1 is loW (indicating a read), then shift counter 15 counts 
to a different predetermined threshold before setting rready 
high. 
[0018] CAM shift control 13 has tWo input control bits, 
Write 106-1 and cam_addr 112, and three output control bits, 
cam_to_stg 106-2, cam Write 108, and cac_dec 114, Which 
are described beloW in more detail. 

[0019] Prior to entering staging register 12 at input port 
102, a serial bitstream is interleaved, such that all the bits of 
a given bit position of all eight CAM slots are grouped 
together. In other Words, all the bit O’s from all eight slots 
shift in ?rst, then all the bit l’s, then all the bit 2’s and so 
on through all the 9’s for each of the 10-bit Wide slots. After 
this interleaved bitstream is shifted into the register, the bits 
are prealigned advantageously, such that the ten bits for 
CAM slot 7, for example, are all simultaneously connected 
to rbus 110 and are therefore parallel-transferrable to slot 7 
of CAM 14 Within a single clock period Write operation, 
Without further reordering. After this ?rst Write cycle, then 
staging register 12 shifts and CAM 14 address decrements 
synchronously, thus aligning all of the ten bits intended for 
CAM slot 6 for parallel Write to CAM 14 Within the next 
consecutive clock period. This process is iterated until all 
eight slots of CAM 14 are Written/read Within a block of 8 
consecutive clock periods. This results, for example, in an 
ef?cient method for Writing programming instructions to a 
BIST engine. 
[0020] Likewise, after reading data, for example self-test 
measurement results, from CAM 14 to STG 12 and after the 
serial bitstream is shifted out, it must typically be de 
interleaved before interpretation and analysis. These reading 
and de-interleaving operations are performed in essentially 
a reverse fashion relative to the previously described inter 
leaving and Writing operations. 
[0021] In some implementations, the interleaving of the 
bits of eight parallel bitstreams into a single serial inter 
leaved bitstream is accomplished by a programmer using 
conventional softWare techniques. This approach simpli?es 
the required hardWare and improves ?exibility. In other 
embodiments, interleaving is implemented in hardWare, for 
example involving MUX chips. Similarly, de-interleaving 
can be implemented either in conventional softWare or 
hardWare. 

[0022] As shoWn in FIGS. 1A-1B, there are three inde 
pendent external control bits, namely a shift bit 106-0, 
applied to both STG 12 and shift counter 15, Which is high 
When STG and CAM are shifting; a cam_addr bit 112, Which 
When high tells CAM shift control 13 that the CAM is 
selected for a read/Write operation; and a Write bit 106-1, 
applied to STG 12, shift counter 15, and CAM shift control 
13. Write bit 106-1 goes to CAM shift control 13, to 
distinguish betWeen read and Write operations. Shift counter 
15 needs to have Write bit 106-1, so that it knoWs to produce 
Wready or rready signals. 
[0023] All other control bits are generated internally in 
response to combinations of the above three external control 
bits. Intermediate control bits generated by shift counter 15 
include: 



US 2002/0093844 A1 

[0024] Wready 122, Which is high if both Write 106-1 
and shift 106-0 are high for a predetermined count 
and enables cam_Write 108 and cac_dec 114 to 
initiate eight Writes sequentially from the interleaved 
bits of STG 12 to the eight slots of CAM 14. Both 
STG 12 and CAM 14 shift synchronously in one-step 
decrements during this operation; 

[0025] 8Writes 124, Which goes high When the eight 
Write operation is completed and disables cam_Write 
108 and cac_dec 114. Write 106-1 and shift 106-0 are 
external inputs to the device and already “knoW” 
When to turn off. 8Writes initiates a return to the 
beginning of the read/Write cycle; 

[0026] 8reads 126 is driven high When an eight-read 
cycle is completed and disables cam_to_stg 106-2 
and cac_dec 114; and 

[0027] rready 128 is driven high after the 8reads 
timeout by shift counter 15 and initiates a return to 
the beginning of the read/Write cycle. 

[0028] Control bits generated by CAM shift control 13 in 
response to combinations of the above described control bits 
include: cam_to_stg 106-2, applied to STG 12 and CAM 
data buffer 16, When high indicates a data read from CAM 
14 to STG 12; cam_Write 108, applied to CAM Write enable 
input, enables data Write from STG 12 to CAM 14; cac_dec 
114, applied to CAM address counter 18, decrements the 
three-bit CAM address control on address line 118 in 
one-slot steps. 

[0029] FIG. 2 is a state diagram logically illustrating the 
operation of the embodiment depicted in FIGS. 1A-1B. Each 
circle 21 through 26 represents a state. The system moves 
from one state to another When the proper conditions exist 
as shoWn by arcs 201-208 and 211-215. Control bits as 
described above are associated With each arc. In FIG. 2 
control bit names preceded by the symbol~are loW along the 
corresponding arc. Along other arcs the corresponding con 
trol bits are high. 

[0030] The system begins in a rest state 21, Where it stays 
for as long as it is not shifting (indicated by~shift along arc 
204). Once the shift bit goes high (arc 211), the system 
enters a header state 22, Where it prepares to read or Write 
CAM 14. If some register other than CAM 14 has been 
selected (~cam_addr), then the system folloWs arc 203 back 
to rest state 21. OtherWise, if the Write bit is high, then it 
folloWs arc 212 into a wait state 23, Where it stays until 
shift counter 15 signals that all the appropriate bits have 
shifted in and are aligned for a set of eight Writes. Once that 
moment arrives, the Wready signal goes high and the system 
folloWs arc 214 to a Write state 24. In Write state 24, CAM 
shift control 13 drives cam_Write and cac_dec high, Which 
causes the data in STG 12 to be Written sequentially to each 
slot of CAM 14 starting With slot 7 and ending With slot 0. 
Once the eight Writes are completed, shift counter 15 drives 
8Writes high, and the system returns along arc 201 back to 
rest state 21. 

[0031] For a read, the path starts in rest state 21 and 
proceeds to header state 22 as before. In the case of a read, 
the Write bit is loW, so the system proceeds to a read state 25. 
While in the read state, CAM shift control 13 drives cam 
_to_stg and cac_dec high, causing data from CAM 14 to be 
read and driven to CAM data buffer 16, Which in turn drives 
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it onto bits 8, 16, 24, 32, 40, 48, 56, 64, 72, and 80 of rbus 
110. Since the Write bit is loW, STG 12 reads the data from 
rbus 110 and shifts it out. In this manner all 8 CAM slots are 
read sequentially, starting With slot 7 and ending With slot 0. 
Once the 8 reads have occurred, shift counter 15 drives 
8reads high, and the system folloWs arc 215 to an rWait state 
26 to alloW time for the read data to shift out of STG 12. 
Once that has occurred, shift counter 15 drives rready high, 
and the system returns along arc 202 back to rest state 21. 

[0032] It should be noted that the external Write bit is 
applied directly to CAM shift control 13, so that the state 
machine can decide Whether to folloW arc 212 to Wait state 
23 or arc 213 to read state 25. Additionally, shift counter 15 
needs the external Write bit separately, so that it can decide 
Whether to produce the Wready bit or the rready bit. The 
cam_addr bit is an external control input to the system and 
is guaranteed high When folloWing arc 212 or 213, but 
otherWise its value is ignored. 

[0033] The described embodiments communicate With a 
10-bit CAM Which has 8 slots. They access each slot ‘on the 
?y’ While a staging register is shifting. The embodiments 
handle that operation quickly, ef?ciently, and With a maxi 
mum utiliZation of existing hardWare. The principles of the 
invention can be applied to a variety of conditions, including 
various datapath Widths and numbers of CAM slots, for 
example 16 CAM slots each 6 bits Wide. Alternatively, the 
CAM can be replaced by a register ?le or a small segment 
of memory, or a collection of narroW registers that commu 
nicate With a Wide staging register. 

[0034] Although the present invention and its advantages 
have been described in detail, it should be understood that 
various changes, substitutions and alterations can be made 
herein Without departing from the spirit and scope of the 
invention as de?ned by the appended claims. Moreover, the 
scope of the present application is not intended to be limited 
to the particular embodiments of the process, machine, 
manufacture, composition of matter, means, methods and 
steps described in the speci?cation. As one of ordinary skill 
in the art Will readily appreciate from the disclosure of the 
present invention, processes, machines, manufacture, com 
positions of matter, means, methods, or steps, presently 
existing or later to be developed that perform substantially 
the same function or achieve substantially the same result as 
the corresponding embodiments described herein may be 
utiliZed according to the present invention. Accordingly, the 
appended claims are intended to include Within their scope 
such processes, machines, manufacture, compositions of 
matter, means, methods, or steps. 

What is claimed is: 
1. A system for Writing to and reading from a memory 

device comprising: 

a memory device containing a plurality M of memory 
registers, each of said M memory registers con?gured 
to accommodate X bits of information; 

a staging register having a serial data input port and a 
serial data output port connected in series With N 
consecutive memory elements such that N is greater 
than the product of M and X, Wherein M, N, and X are 
each positive integers, each such memory element 
con?gured to accommodate a data bit, said staging 
register con?gured to shift said data bits serially into 
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said staging register through said serial data input port, 
through each of said consecutive memory elements, 
and out through said serial data output port; and 

said staging register being interconnected With an input 
port of said memory device, such that a ?rst set of X 
non-adjacent memory elements of said staging register 
separated from one another by equal spacings of M said 
consecutive memory elements are interconnected With 
said input port of said memory device. 

2. The system of claim 1 Wherein N is greater than tWice 
the product of M and X. 

3. The system of claim 1 Wherein N is 152. 
4. The system of claim 1 Wherein M is eight and X is 10. 
5. The system of claim 1 Wherein said memory device is 

selected from a group consisting of a register ?le, a segment 
of larger memory, and a content addressable memory 

(CAM). 
6. The system of claim 5 Wherein said M memory 

registers are CAM slots. 
7. The system of claim 1 further comprising an output port 

of said memory device interconnected through a data buffer 
With said staging register, such that a second set of X 
non-adj acent memory elements of said staging register sepa 
rated from one another by equal spacings of M said con 
secutive memory elements are interconnected through said 
data buffer. 

8. The system of claim 7 Wherein said ?rst set and said 
second set of X nonadjacent memory elements are offset 
relative to one another by M consecutive memory elements. 

9. The system of claim 1 further comprising an address 
counter, said address counter being connected to an address 
port of said memory device. 

10. A method of Writing to and reading from a memory 
device having a plurality M of memory registers, each of 
said M registers containing X bits of information, Wherein M 
and X are both positive integers, said method comprising: 

a. interleaving bits of information from M parallel datas 
treams into a serial bitstream, such that all of the bit 
Zeros of the M parallel datastreams ?oW ?rst in said 
serial bitstream, folloWed by all of the bit ones, neXt by 
the bit tWos, and subsequently by all of the bit (X-1)s, 
such that M><X bits are interleaved; 

b. aligning said serial bitstream relative to an input port of 
said memory device, such that all bit values from a 
selected parallel datastream are disposed to transfer 
simultaneously in parallel to a predetermined memory 
register of said memory device; 

c. simultaneously Writing all of said bit values of said 
selected parallel datastream to said predetermined 
memory register of said memory device; 

d. determining a neXt memory register and simultaneously 
shifting said serial bitstream relative to said input port, 
such that all bit values from a neXt selected parallel 
datastream corresponding to said neXt memory register 
are disposed to transfer simultaneously in parallel to 
said neXt memory register; and 

e. iterating operations c and d above, until all memory 
registers are Written. 
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11. The method of claim 10 Wherein said interleaving is 
implemented in softWare. 

12. The method of claim 10 Wherein said interleaving is 
implemented in hardWare. 

13. The method of claim 10 Wherein said aligning and 
shifting are implemented in a staging register having N 
consecutive memory elements, Wherein N is a positive 
integer greater than the product of M and X. 

14. The method of claim 13 Wherein N is greater than 
tWice the product of M and X. 

15. The method of claim 10 Wherein said memory device 
is selected from a group consisting of a register ?le, a 
segment of memory, and a content addressable memory 

(CAM). 
16. The method of claim 15 Wherein said M memory 

registers are CAM slots. 
17. The method of claim 10 Wherein M is eight. 
18. The method of claim 10 Wherein said determining a 

neXt memory register comprises decrementing an address 
counter. 

19. The method of claim 10 Wherein said simultaneously 
Writing operation occurs Within a single clock period. 

20. The method of claim 19 Wherein M consecutive Write 
operations occur Within M consecutive clock periods. 

21. A method of Writing to and reading from a memory 
device having a plurality M of memory registers, each of 
said M registers containing X bits of information, Wherein M 
and X are both positive integers, said method comprising: 

a. aligning a serial bitstream among memory elements 
Within a staging register relative to an output datas 
tream of said memory device, such that all bit values 
from a predetermined memory register of said memory 
device are disposed to transfer simultaneously in par 
allel to selected uniformly spaced non-adjacent 
memory elements of said staging register; 

b. simultaneously reading all of said bit values of said 
predetermined memory register of said memory device 
into said selected uniformly spaced non-adjacent 
memory elements of said staging register Within said 
serial bitstream; 

c. determining a neXt memory register and simultaneously 
unidirectionally shifting said serial bitstream relative to 
said selected uniformly spaced non-adjacent memory 
elements Within said staging register, such that all bit 
values read into said selected uniformly spaced non 
adjacent memory elements in operation b are uniformly 
interleaved relative to corresponding said selected uni 
formly spaced non-adj acent memory elements; 

d. iterating operations b and c above, until all memory 
registers are read; 

e. shifting said serial bitstream out of said staging register; 
and 

f. de-interleaving bits of information from said serial 
bitstream, such that M parallel datastreams are recon 
structed, each said parallel datastream corresponding to 
a preselected memory register of said memory device. 

* * * * * 


