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operating voltage, a method for ensuring reliable operation 

Correspondence Address of the PLA during a con?guration memory read operation 
CENTRAL COAST PATENT AGENCY comprises steps of (a) providing an intentionally Weak pass 
PO BOX 187 gate for memory cells in the con?guration memory, too 
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cells poWered at the nominal operating voltage; and (b) 
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(21) APPL NO: 09 $96,406 source, alloWing voltage for the nodes to be reduced during 
Write so latches may be ?ipped by the Weak passgate, and 

(22) Filed; Jun_ 28, 2001 alloWing voltage to return to the nominal higher value 
during read, such that the Weak pass gates cannot ?ip 

Related US, Application Data latches. A memory cell With such a Weak passgate and 
operating characteristics is taught, a con?guration memory 
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EFFICIENT AND ROBUST RANDOM ACCESS 
MEMORY CELL SUITABLE FOR 

PROGRAMMABLE LOGIC CONFIGURATION 
CONTROL 

CROSS REFERENCE TO RELATED 
DOCUMENTS 

[0001] The present patent application is a continuation-in 
part (CIP) from co-pending application Ser. No. 09/606,791, 
?led Jun. 28, 2000, and entitled “Ef?cient and Robust 
Random Access Memory Cell Suitable for Programmable 
Logic Con?guration Control”. 

FIELD OF THE INVENTION 

[0002] The present invention is in the ?eld of integrated 
circuits (ICs) and pertains in particular to a neW memory cell 
suitable for use in programmable logic devices for con?gu 
ration control. 

BACKGROUND OF THE INVENTION 

[0003] Arrangements of transistors in ICs to act as storage 
locations for binary bits (memory cells) are very Well knoWn 
in the art, and several different arrangements are used for 
different purposes. It is Well knoWn, as Well, that memory 
cells have been integrated in many different Ways in many 
kinds of IC devices. One such device is knoWn as a 
programmable logic array (PLA), Wherein memory cells are 
used to store bit strings that con?gure the PLA, that is, that 
program the PLA to one of the many purposes to Which it 
may be applied. By storing different Words in different 
patterns of memory cells in a PLA, the PLA can be con?g 
ured to operate in a variety of different Ways. Many refer 
ence books are available With information on both memory 
cells and PLAs. 

[0004] In a PLA the characteristics of the memory cells are 
quite important. For eXample, the characteristics of the 
memory cell structure in?uence the poWer requirement and 
time for poWer up. Further, in operation of a PLA the state 
of the memory cells is frequently read for a variety of 
reasons. The characteristics of the cell structure determine 
the stability of cells during read operations. If a cell is 
relatively unstable, it may be ?ipped to the alternate state 
during a read operation. 

[0005] In addition to the above, it is often desirable to alter 
the pattern of memory Words stored in the memory cells in 
the PLA, to change the con?guration of the PLA. In this 
process it is also desirable to reset the memory structure, that 
is, to drive all memory cells to a “1” condition, or all to a “0” 
condition, and then to Write neW data to the cells. The energy 
required to ?ip a single cell is vastly multiplied at reset 
because there are a very large number of memory cells in a 
state-of-the-art PLA. Flipping all cells results in a large 
current requirement. Without special design considerations 
in the memory system, current designs have a requirement 
that relatively small groups of cells may be Written simul 
taneously. 
[0006] What is clearly needed is a neW and robust memory 
cell design that is stable for read operations, and at the same 
time requires a relatively loW energy to ?ip the cell during 
a Write operation. Just such a cell structure and operation is 
described in enabling detail beloW. 
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SUMMARY OF THE INVENTION 

[0007] In a preferred embodiment of the present invention 
a Programmable Logic Array (PLA) having an operating 
voltage of Vcc, and a con?guration memory is provided, 
comprising a plurality of memory cells each having ?rst and 
second inverters connected input to output to make a latch 
de?ning a Q node and a QB node, and poWered by a single 
voltage-controlled Vmm line, a passgate transistor for each 
of the plurality of cells, the passgate transistor connected 
source-to-drain from a BIT line to the ?rst inverter output, 
the passgate having a strength suf?ciently loW that, With 
Vmm substantially equal to Vcc and the gate of the passgate 
energiZed at Vcc by a WORD signal, no signal on the BIT 
line can ?ip the latch, and circuitry for reducing the voltage 
of Vmm during Write operations so a signal on the BIT line 
may ?ip the latch through the passgate. The Weak passgates 
reduce effect on the Q and QB nodes of the memory cells 
during read operations suf?ciently that the PLA can be 
operated during con?guration memory read operations. 

[0008] In another aspect a Programmable Logic Array 
(PLA) having a nominal operating voltage is provided, 
comprising a con?guration memory Writable in speci?c 
control patterns, and an array of con?gurable programmable 
logic devices selectable by the con?guration memory to 
perform speci?c tasks according to individual ones of the 
speci?c control patterns. The PLA is characteriZed in that the 
con?guration memory comprises cells each having Q and 
QB nodes and an intentionally Weak passgate, and a con 
trolled-voltage node connected for poWering the Q and QB 
nodes, such that the voltage on the nodes may be loWered 
substantially beloW the nominal operating voltage during 
Writes to facilitate ?ipping latches by the Weak passgate, and 
also characteriZed in that, With the voltage on the nodes 
raised to substantially the nominal operating voltage during 
read operations, the Q and QB nodes are unaffected by the 
Weak passgate, alloWing the PLA to operate during read 
operations. 
[0009] In still another aspect of the invention, for a pro 
grammable Logic Array (PLA) having a nominal operating 
voltage, a method for ensuring reliable operation of the PLA 
during a con?guration memory read operation is provided, 
comprising the step of (a) providing an intentionally Weak 
pass gate for memory cells in the con?guration memory, too 
Weak to ?ip latches of the memory cells With nodes of the 
cells poWered at the nominal operating voltage; and (b) 
poWering the nodes of the cells With a voltage-controlled 
source, alloWing voltage for the nodes to be reduced during 
Write so latches may be ?ipped by the Weak pass gate, and 
alloWing voltage to return to the nominal higher value 
during read, such that the Weak pass gates cannot ?ip 
latches. 

[0010] In yet another aspect of the invention a Program 
mable Logic Array (PLA) is provided comprising a con 
?guration memory having a plurality of memory cells each 
having ?rst and second inverters connected input to output 
to make a latch de?ning a Q node and a QB node, and a 
passgate transistor for individual ones of the plurality of 
cells, the passgate transistor connected source-to-drain from 
a BIT line to the ?rst inverter output, the passgate having a 
strength suf?ciently loW during READ operations that the 
execution of the READ operation has no substantial effect 
on the PLA function controlled by the Q and QB nodes of 
the memory cells. 
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[0011] With the advent of the inventions taught herein in 
enabling detail below, for the ?rst time a PLA is provided to 
the art in Which PLA functions and operations may reliably 
continue during the same time that memory reads are made 
on the con?guration memory, to accomplish such as memory 
content veri?cation. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

[0012] FIG. 1 is a schematic representation of tWo 
memory cells and connections to other structures in a PLA 
according to an embodiment of the present invention. 

[0013] FIG. 2a is a timing diagram for a Write “1” 
operation in an embodiment of the present invention. 

[0014] FIG. 2b is a timing diagram for a Write “0” 
operation in an embodiment of the present invention. 

[0015] FIG. 2c is a timing diagram for a Read “1” 
operation in an embodiment of the present invention. 

[0016] FIG. 2a' is a timing diagram for a Write “0” 
operation in an embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] FIG. 1 is a schematic diagram shoWing tWo 
memory cells 8 and 10 according to a preferred embodiment 
of the present invention, together With connections, inter 
connections, and peripheral structure. Each cell stores one 
bit, and tWo bit lines are shoWn, one labeled Bit 0, and the 
other Bit N. This labeling is because the tWo cells shoWn are 
meant to represent an arbitrary number of such cells, creat 
ing matrices capable of storing a plurality of bit strings 
(binary Words) as is common in most memory devices. 

[0018] Each memory cell has 4 transistors arranged to 
make up a latch, and a ?fth transistor acting as a passgate. 
In cell 8 the four transistors are transistors 1, 2, 3 and 4; in 
cell 10 they are 11, 12, 13 and 14. Referring noW only to cell 
8, transistors 1 and 2, in Which transistor 1 is a NMOS device 
and transistor 2 is a PMOS device, de?ne a ?rst inverter, and 
transistors 3 (PMOS) and 4 (NMOS) de?ne a second 
inverter. The inverters are hooked up input to output to make 
a latch. The latch input to output nodes are designated as Q 
and QB respectively, and the interconnecting lines them 
selves are labeled 29 and 28 respectively. In cell 10 there is 
analogous structure, as shoWn. 

[0019] The inverter PMOS device sources (2 and 3 in cell 
8, 12 and 13 in cell 10) are not connected to supply voltage 
Vcc (not shoWn) at all times, as is typical of conventional 
memory cells, but by a special source Vmm, Which is output 
of a NAND gate 6. Vmm is used in the Writing process. The 
bulk or N-Well taps of the inverter PMOS devices go to the 
system Vcc node and not to Vmm. 

[0020] The ?fth transistor of each cell is a passgate for that 
cell (element 5 for cell 8, and element 15 for cell 10). Each 
passgate is connected betWeen the Q node of the associated 
cell and a common BIT node. The BIT nodes are labeled 22 
and 23 respectively for cells 8 and 10. The gates of passgate 
devices 5 and 15 are connected to a common WORD line, 
also labeled as line 27. The memory in the instant eXample 
is organiZed into Words of N bits. The number of bits in a 
Word is not germane to the operation of the system or to the 
invention. 
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[0021] In preferred embodiments of the present invention 
WORD node 25 is output of a NOR gate 7, Whose inputs are 
X address and Y address. 

[0022] In a preferred embodiment, enabled for PLAs, 
there are 32 bits to a Word, requiring therefore 32 memory 
cells like the tWo shoWn in FIG. 1 for each Word. The 32 
memory cells in the same Word share the same WORD and 
Vmm signals, labeled 25 and 27 respectively. There are 32 
BIT signals (BIT 0 to BIT 31) that are common for the 
respective bits of each Word in the memory system, and 
these 32 bit signals are represented by BIT 0 and BIT N. 

[0023] The siZing of the latch inverters and the Q to BIT 
passgate is based on tWo constraints. The passgate is siZed 
such that When Vmm and WORD are at a voltage substan 
tially equal to Vcc, any voltage on the BIT node Will not ?ip 
the value in the memory cell latch. This is true for both 
stable states of the latch, Q at Vcc or Q at GND. This 
provides stability against accidental ?ipping of the gates 
during read operations. 

[0024] Secondly, during a read the Q and QB node volt 
ages are altered from their normal Vcc or GND levels, but 
not enough to ?ip the cell or to cause incorrect operation of 
the programmable logic, Which the memory cell might 
control. If these tWo constraints are met, then the cell cannot 
be Written through the Q to BIT passgate When Vmm is at 
Vcc. To Write to the cell the Vmm node voltage must be 
reduced to make the inverter latch Weaker so that the BIT to 
Q passgate can ?ip the state of the latch. 

[0025] Reducing the Vmm voltage, Which is accomplished 
by the novel arrangement of gates 6 and 7 and their input and 
output interconnections, has tWo functions. Firstly, this 
alloWs the intentionally Weak passgate to ?ip the latch. 
Secondly, this substantially reduces the transient current 
needed to ?ip a cell. For eXample, When the Vmm is at a 
voltage beloW the threshold of the NMOS and PMOS 
devices making up the latch the cell ?ips very easily. A 
?ipped cell Will poWer up as Vmm is raised to normal Vcc 
since the high node Q or QB Will folloW to Vcc as the Vmm 
signal rises to Vcc. 

[0026] In typical memory applications only one Word is 
Written at a time because of the substantial energy require 
ments to Write to the conventional cell structures. The 
transient current is thus limited, because only a limited 
number of cells (the number of cells in a Word) are ?ipped 
at any one time, and only one cell per BIT line is ?ipped at 
any point in time. Memory arrays used as con?guration 
control for programmable logic, hoWever, have a need to be 
globally reset during a poWer-up cycle, and there is a need 
to reset relatively large blocks of the con?guration control 
memory as part of a dynamic recon?guration strategy. 

[0027] In a conventional memory cell too many cells 
Written on one BIT line Would overWhelm the strength of a 
BIT line driver. Further, too many cells ?ipping at the same 
time Will require more current then the Vcc and GND nodes 
could supply, either because of IR drop, current density, or 
overall chip ICC limits. Keeping in mind that a program 
mable logic device might need to have more then 100,000 
memory latches reset at the same time. Even at a feW uA for 
each latch, hundreds if not thousands of milliamps might be 
required during reset. 
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[0028] FIGS. 2a through 2d are timing diagrams of Write 
and read operations for the system of FIG. 1 according to a 
preferred embodiment of the present invention. 

[0029] Referring ?rst to FIG. 2a, Which shoWs the signal 
timing for a Write of “1” to a cell of FIG. 1: 

[0030] (a) at time 1 both the BIT and the Write 
signals are asserted. Referring to FIG. 1, and con 
sidering just cell 8, BIT 0 asserts Vcc at the input of 
passgate 5, and the WRITE signal is an input to 
NAND gate 6. Because of the fact that WORD has 
not been asserted, the output of 6 (Vmm) is essen 
tially Vcc, and Vcc on the BIT line cannot ?ip the 
latch. 

[0031] (b) at time 2 both X and Y address signals are 
asserted (active loW), and, as both are inputs to NOR 
gate 7, WORD becomes, as a result, active high at 
time 3. 

[0032] (c) As WORD is an input to NAND gate 6, 
and the other input to NAND gate 6, WRITE, Went 
high at time 2, Vmm, the output of NAND gate 6, 
goes loW at time 3. 

[0033] (d) because Vmm is beloW the threshold of the 
NMOS and the PMOS devices making up the latch, 
QB goes loW at time 3, and noW the input on the BIT 
line can ?ip the latch. 

[0034] (e) at time 4 the Write signal is asserted loW, 
so Vmm goes to Vcc by time 6. Because Vmm goes 
to Vcc, Q goes to Vcc, and the Write is accomplished. 
NoW, because, again, of the intentionally Weak pass 
gate, any change in the signal on the BIT line cannot 
?ip the latch. 

[0035] In this novel approach the Write is accomplished 
essentially by making the proper signals, then loWering the 
voltage on Vmm to alloW the latch to ?ip. 

[0036] Referring noW to FIG. 2b, Which shoWs the signal 
timing for a Write of “0” to a cell of FIG. 1: 

[0037] (a) All signals asserted save the BIT signal are 
asserted at the same times and in the same Way as for 
the 1 Write described just above. In this case the BIT 
signal stays loW. 

[0038] (b) While Vmm is at Vcc With an intentionally 
Weak passgate, no signal on BIT can ?ip the latch. 
When Vmm falls beginning at time 2, as in the Write 
“1” case, the Q value goes to 0. 

[0039] (c) When the Write signal ends beginning at 
time 4, Vmm starts up, and then QB charges up to 
Vcc. 

[0040] (d) NoW, since Vmm is charged up to Vcc 
again, no change on BIT Will ?ip the latch. 

0041 Referrin noW to FIG. 2c, Which illustrates a read g 
6‘ 117: 

[0042] (a) Bit is asserted prior to time 2, as shoWn, to 
precharge the bit line. 

[0043] (b) X address and Y address are asserted at the 
same times and in the same Way as before. 
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[0044] (c) WRITE is never asserted, so Vmm stays 
high (Vcc). 

[0045] (d) When WORD is asserted, by virtue of the 
Address signals, the intentionally Weak passgate 
alloWs Q (high) to reinforce the precharge “1” on 

[0046] (e) sample is taken in this case at just before 
time 8, and before WORD goes loW by virtue of X 
and Y address signals being driven high at time 9, 
Which causes WORD to go loW, turning off passgate 
5. With the passgate turned off after time 9 the 
voltage on BIT begins to decay (not further rein 
forced by Q). 

[0047] Referring ?nally to FIG. 2d, Which shoWs the case 
for reading a 0: 

[0048] (a) Bit is precharged prior to time 2 as for read 
“1” described above. 

[0049] (b) X address and Y address are asserted as 
before. 

[0050] (c) When WORD goes high at time 3, as a 
result of inputs X and Y address to NOR gate 7, 
intentionally Weak passgate 5 is turned on. 

[0051] (d) because the passgate is Weak, the “1” on 
BIT cannot ?ip the latch. Therefore the BIT signal 
begins to fall. 

[0052] (e) At time 7 BIT is at 0, and is again sampled 
before time 8, as shoWn, reading a “0”. 

[0053] With the Vmm in the embodiment of the invention 
described above With reference to FIG. 1 at a depressed 
level the DC crossover current during reset can be reduced 
to nanoamps (nA). In one embodiment the DC crossover 
current limit is managed to be <10 nA per bit, Worst case, 
during a reset. There is also a transient current caused by the 
transition of the Vmm node from LoW to High, but this is 
proportional to the capacitance of the Vmm node, and by the 
rise time of the Vmm node. 

[0054] To reset a single Word, Writing all Zeros, the BIT is 
at 0 volts, the appropriate X and Y address are at 0 volts 
making the WORD line Vcc. Then the WRITE signal is 
pulsed momentarily to Vcc. This in turn pulses Vmm loW, 
alloWing the intentionally Weak pass gate to ?ip the latch as 
the Vmm is rising back to Vcc. The organiZation of the X 
and Y Address is such that if multiple X’s and Y’s Were 
enabled simultaneously then multiple Words could be reset 
at the same time at a very loW poWer level. 

[0055] The memory cell is initialiZed to Zero at poWer up 
by applying WRITE and all Address lines When PoWer On 
Reset (POR) is present (POR not shoWn in the diagrams). 
The BIT lines are all Zero at this time as Well. When the 
WRITE is removed ?rst after POR is removed, folloWed 
some short time, say 10-20 ns, by the address lines. In 
preferred embodiments the address signals are removed in 
phases separated by a feW ns to reduce transient poWer 
required to sWitch all the WORD line capacitance. 

[0056] In a further aspect of the present invention, 
memory cells according to preferred embodiments taught 
herein have much higher tolerance to process variations than 
do structures knoWn in the current art. In embodiments of 
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the present invention, since the strength of the passgate is 
not crucial to Writing ef?ciency, the passgate strength can be 
made Weaker due to eased Writing requirements, providing 
additional margin during read. This Wide operating range is 
useful in alloWing additional process variation than has 
before been possible, and alloWs for rapid process migration. 

[0057] It Will be apparent to the skilled artisan that there 
are many alterations that may be made in the embodiments 
of the invention described herein Without departing from the 
spirit and scope of the invention. For eXample, it is central 
to the invention that a memory cell have a relatively Weak 
passgate, so the latch Will be very stable, such that capaci 
tance (for example) on a bit line cannot cause a latch to ?ip 
unintentionally. To achieve this condition Without further 
innovation it Would be dif?cult to Write to a cell, and a lot 
of energy Would be required. The further innovation in the 
present case is to add logic circuitry that alters the poWer 
side of the cells, to Which the PMOS transistors are con 
nected, so the voltage at that point, Which is typically the full 
operating voltage of the circuitry (Vcc), is driven to a loW 
value, making the cell easy to Write With a minimum of 
energy. 

[0058] Con?guration Memory Veri?cation During Opera 
tion 

[0059] The present invention, in embodiments taught in 
enabling fashion above, provides a memory cell and oper 
ating connections to the cell, in a manner that inverter 
CMOS device sources are not driven by the standard oper 
ating voltage, termed Vcc in this speci?cation, as is typical 
in the art, but by a special voltage node termed Vmm herein. 
Vmm is intentionally lowered in Write mode to make the 
inverter latch Weaker than in the current art, alloWing a Weak 
passgate to ?ip the latch, Which also signi?cantly loWer the 
transient current needed to ?ip a cell, and enables resetting 
of larger numbers of cells at the same time in architectures 
using large numbers of memory cells. This is a distinct 
advantage in con?guration memory architecture for PLAs. 

[0060] In considering the application of the novel memory 
cell structure and operation in application to con?guration 
memory for PLAs, the relatively Weak bit line pass gate has 
an additional advantage during read operations. Since in a 
PLA the Bit line is typically a relatively long line With a high 
fanout, and therefore also a high capacitance, during read 
operations great care needs be exercised in prior art devices 
to prevent charge and voltage on the bit line from ?ipping 
latches. 

[0061] With the Weaker pass gate transistor alloWed by the 
unique design taught herein, it is possible not only to prevent 
?ipping of cells, but also to further reduce voltage sWing on 
the Q and QB nodes so that read operations cannot effect the 
function or performance of an operating PLA directed by the 
con?guration memory comprising the neW memory cells 
and con?gurable operating circuitry. 
[0062] Accordingly, With a con?guration memory com 
prising cells of the neW type taught herein, driven by a 
Weaker than conventional passgate, Wherein the inverter 
sources are driven by a reduced voltage during Write, it is no 
longer necessary to suspend operation of a PLA to check and 
verify memory content. This checking and veri?cation is an 
operation that is often desirable to guard against many kinds 
of anomalies, such as alpha-particle interaction With CMOS 
latches and electromagnetic effects that may occur over time 
in use of PLAs. 

[0063] There are many variations possible to the embodi 
ments described above Within the spirit and scope of the 
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invention. For eXample the circuitry involving gates 6 and 7 
may be implemented in a number of different Ways. Further, 
there are a Wide variety of architectures for PLAs, and a 
similarly Wide variety of applications to Which such devices 
may be applied. Accordingly the invention should be 
accorded the breadth of the claims that folloW. 

What is claimed is: 
1. A Programmable Logic Array (PLA) having an oper 

ating voltage of Vcc, and a con?guration memory compris 
ing: 

a plurality of memory cells each having ?rst and second 
inverters connected input to output to make a latch 
de?ning a Q node and a QB node, and poWered by a 
single voltage-controlled Vmm line; 

a passgate transistor for each of the plurality of cells, the 
passgate transistor connected source-to-drain from a 
BIT line to the ?rst inverter output, the passgate having 
a strength suf?ciently loW that, With Vmm substantially 
equal to Vcc and the gate of the passgate energiZed at 
Vcc by a WORD signal, no signal on the BIT line can 
?ip the latch; and 

circuitry for reducing the voltage of Vmm during Write 
operations so a signal on the BIT line may ?ip the latch 
through the passgate; 

Wherein the Weak passgates reduce effect on the Q and QB 
nodes of the memory cells during read operations 
suf?ciently that the PLA can be operated during con 
?guration memory read operations. 

2. A Programmable Logic Array (PLA) having a nominal 
operating voltage, comprising: 

a con?guration memory Writable in speci?c control pat 
terns; and 

an array of con?gurable programmable logic devices 
selectable by the con?guration memory to perform 
speci?c tasks according to individual ones of the spe 
ci?c control patterns; 

characteriZed in that the con?guration memory comprises 
cells each having Q and QB nodes and an intentionally 
Weak passgate, and a controlled-voltage node con 
nected for poWering the Q and QB nodes, such that the 
voltage on the nodes may be loWered substantially 
beloW the nominal operating voltage during Writes to 
facilitate ?ipping latches by the Weak passgate, and 
also characteriZed in that With the voltage on the nodes 
raised to substantially the nominal operating voltage 
during read operations, the Q and QB nodes are unaf 
fected by the Weak passgate, alloWing the PLA to 
operate during read operations. 

3. For a programmable Logic Array (PLA) having a 
nominal operating voltage, a method for ensuring reliable 
operation of the PLA during a con?guration memory read 
operation, comprising the step of: 

(a) providing an intentionally Weak pass gate for memory 
cells in the con?guration memory, too Weak to ?ip 
latches of the memory cells With nodes of the cells 
poWered at the nominal operating voltage; and 

(b) poWering the nodes of the cells With a voltage 
controlled source, alloWing voltage for the nodes to be 
reduced during Write so latches may be ?ipped by the 
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Weak pass gate, and allowing voltage to return to the a passgate transistor for individual ones of the plurality of 
nominal higher value during read, such that the Weak cells, the passgate transistor connected source-to-drain 
pass gates cannot ?ip latches. from a BIT line to the ?rst inverter output, the passgate 

4. A Programmable Logic Array (PLA) comprising: having a strength suf?ciently loW during READ opera 
tions that the execution of the READ operation has no 
substantial effect on the PLA function controlled by the 
Q and QB nodes of the memory cells. 

a con?guration memory having a plurality of memory 
cells each having ?rst and second inverters connected 
input to output to make a latch de?ning a Q node and 
aQBnode; and * * * * * 


