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DRAM STORAGE CAPACITOR WITHOUT A 
FIXED VOLTAGE REFERENCE 

RELATED APPLICATION 

[0001] This application claims the bene?t of Us. Provi 
sional Application No. 60/913,542, ?led Apr. 24, 2007 and 
Us. Provisional Application No. 60/941,667, ?led Jun. 3, 
2007. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to memories, and more 
particularly to a dynamic random access memory (DRAM) 
architecture. 
[0003] Because a DRAM memory cell includes just a 
single access transistor and a storage capacitor, DRAM offers 
dramatic density advantages over static random access 
memory (SRAM), Which typically requires a six transistor 
(6-T) memory cell. In contrast to SRAM, a DRAM cell Will 
only change the voltage on its corresponding bit line slightly 
during read operations. Having been coupled to the bit line, 
the storage capacitor in a DRAM cell must be thenbe restored 
after a read operation. Thus, DRAM sense ampli?ers require 
a regenerative latching ability to drive the bit line “full rail” 
after a read operation. If the sense ampli?er determines that 
the storage capacitor Was charged to VDD, the bit line is then 
driven to VDD to restore the charge on the storage capacitor. 
On the other hand, if the sense ampli?er determines that the 
storage capacitor Was not charged, the bit line is grounded to 
discharge the storage capacitor. Moreover, the charge on 
DRAM storage capacitors continually leaks aWay, requiring 
constant refreshing. SRAM cells require no such refreshing. 
In addition, because the 6-T SRAM cell can drive its value 
onto a bit line during read operations, SRAM is generally 
substantially faster than DRAM. 
[0004] As a result of the density vs. speed advantages of 
SRAM and DRAM, SRAM is faster but more expensive and 
thus reserved for more time-critical operations such as a 
microprocessor’s cache. To reduce costs, the remaining RAM 
for a microprocessor is then typically implemented as 
DRAM. HoWever, because DRAM operation speed is con 
stantly being improved, the use of embedded DRAM in inte 
grated circuits is becoming more popular in high-perfor 
mance applications that traditionally demanded embedded 
SRAM. Nevertheless, the choice betWeen DRAM and SRAM 
is often guided by the density vs. speed tradeoffs discussed 
above. Accordingly, designers strive to increase DRAM den 
sity and speed. 
[0005] The challenges to increasing DRAM density may be 
better appreciated through discussion of a conventional 
DRAM 100 illustrated in FIG. 1. A Word line WLO controls 
the gate of an access NMOS transistor M0 Whose drain 
couples to a bit line Bx. The source of access transistor M0 
couples to a storage capacitor C0. Thus, access transistor M0 
and storage capacitor C0 form a DRAM memory cell that is 
accessed by raising the voltage on Word line WLO. In 
response to this voltage rise, any charge on capacitor C0 
couples to bit line Bx. A sense ampli?er reads the contents of 
the accessed memory cell by detecting a resulting voltage 
change on bit line Bx. 
[0006] The sense ampli?er detects the voltage change by 
comparing the voltage on bit line Bx to a neighboring bit line 
such as a bit line B. Before this comparison is made, bit lines 
Bx and B are pre-charged to a voltage such as VDD/2 by 
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pre-charge circuitry. If the comparison indicates that bit line 
Bx is higher in voltage than bit line B, doWnstream decoding 
logic (not illustrated) Will assume that the storage capacitor 
C0 had previously been charged to a supply voltage such as 
VDD. If the comparison indicates that bit line B is higher in 
voltage than bit line Bx, the decoding logic Will assume that 
storage capacitor C0 had previously been discharged. In this 
fashion, a decision is made as to the binary contents of the 
memory cell. Having read the contents of the memory cell, 
the sense ampli?er Will restore the memory cell using a regen 
erative latch. An analogous access may be made to a 
4memory cell comprised of access transistor M1 and a stor 
age capacitor C1 by raising a Word line WL1, and so on. 

[0007] Each bit line has an inherent capacitance that is 
typically an order of magnitude greater than the capacitance 
of the storage capacitors. This difference in capacitance is 
exacerbated as the number of memory cells accessible by a 
sense ampli?er is increased. For example, should DRAM 100 
be implemented With an integer number “N” of Word lines, 
the length of the bit lines Will have to double the number of bit 
lines is increased to 2*N (assuming the same semiconductor 
process dimensions in both cases). The bit line capacitance 
Will thus double as Well, thereby decreasing the voltage 
change When a memory cell is accessed. As a result, the 
maximum number of memory cell roWs per sense ampli?er in 
a conventional trench-capacitor DRAM is limited to, for 
example, 512 roWs per sense ampli?er. This maximum num 
ber is considerably loWer in embedded DRAMs that need to 
be compatible With standard semiconductor manufacturing 
processes such as CMOS. In such embedded DRAMs, the 
storage cell cannot be formed using a trench capacitor such 
that the amount of charge that may be stored in the storage cell 
is reduced. For example, if an embedded DRAM has its 
storage cells implemented using transistors, the maximum 
number is typically around 8 to 16 roWs. Thus, embedded 
DRAMs are particularly sensitive to bit-line-capacitance 
density-limiting-issues. 
[0008] Another hindrance to increasing density is the 
capacitance of the access transistor. For example, as dis 
cussed With regard to FIG. 1, access transistors conduct by 
having their gate voltages activated by a corresponding Word 
line. HoWever, each access transistor is not a perfect sWitch 
for such coupling as it has an inherent capacitance betWeen its 
gate and its drain/ source terminals. Because of this capaci 
tance, access transistor M0 Will tend to raise the voltage on bit 
line bx in response to an increase of its gate voltage. As a 
result, a memory cell that Was storing a logical Zero may be 
decoded incorrectly as having stored a logical one (assuming 
logic high operation). As circuit dimensions are pushed into 
the deep sub-micron regime, such capacitive coupling exac 
erbates the density issues discussed With regard to bit line 
capacitance. 
[0009] Another factor in increasing density is the non-ideal 
characteristic of sense ampli?ers. A conventional sense 
ampli?er 200 is illustrated in FIG. 2. This sense ampli?er 
includes a differential ampli?er 205 that compares a voltage 
P derived from bit line B (FIG. 1) at its positive input to a 
voltage N derived from bit line Bx (FIG. 1) at its negative 
input. If voltage P is higher than the voltage N, the voltage 
difference is ampli?ed onto differential outputs P0 and N0 by 
the differential ampli?er’s gain. A regenerative latch 210 
Would then drive voltage P full rail to VDD and pull voltage N 
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to ground. Conversely, if voltage N is higher than voltage P, 
the regenerative latch drives voltage N full rail to VDD and 
pulls voltage P to ground. 
[0010] Should both differential inputs, hoWever, be at the 
same voltage (such as a pre-charge voltage VDD/2), the 
regenerative latch operation just described may not take place 
correctly. Instead, because of offset imperfections in the dif 
ferential ampli?er, P0 (for example) output may be driven 
higher than N0 despite the equal voltages at the inputs. In 
turn, this offset limits the sensitivity of the sense ampli?er 
operation. For example, suppose bit line B shouldbe higher in 
voltage than bit line Bx during a read operation. If the storage 
capacitance is too small With regard to other effects such as bit 
line capacitance, the offset Within the differential ampli?er 
may drive the regenerative latch to pull output N full rail and 
ground output P, leading to an erroneous reading. 

[0011] As discussed above, the storage capacitance vs. bit 
line capacitance is a limiting factor for DRAM density. By 
increasing the storage capacitance, a sense ampli?er can bet 
ter decide What binary contents are being stored. HoWever, 
the increased storage capacitance generally leads to increased 
memory cell siZe, thereby diminishing density. 

SUMMARY 

[0012] This section summarizes some features of the inven 
tion. Other features are described in the subsequent sections. 

[0013] In accordance With an embodiment of the invention, 
a DRAM is provided that includes a plurality of memory 
cells, each memory cell including an access transistor and a 
storage capacitor, Wherein the storage capacitor includes a 
?rst node coupled to the access transistor and a second node 
isolated from the ?rst node, the second node comprising 
signal-bearing metal conductors. 
[0014] In accordance With another embodiment of the 
invention, a method of operating a DRAM, Wherein the 
DRAM includes a plurality of memory cells, each memory 
cell including a storage capacitor having a ?rst terminal 
formed by signal-bearing conductors for the DRAM is pro 
vided. The method includes the acts of Writing a ?rst binary 
value into a ?rst one of the storage capacitors by grounding a 
second opposing terminal of the storage capacitor While 
charging at least one of the signal-bearing conductors that 
form the ?rst terminal to a poWer supply voltage; and Writing 
a second binary value into a second one of the storage capaci 
tors by charging a second opposing terminal of the storage 
capacitor While grounding at least one of the signal-bearing 
conductors that form the ?rst terminal. 

[0015] In accordance With another embodiment of the 
invention, a DRAM is provided that includes a plurality of 
memory cells, each memory cell including a storage capacitor 
having a ?rst terminal coupled to an access transistor and a 
second terminal coupled to at least one signal-bearing con 
ductor for the DRAM, Wherein the DRAM is con?gured to 
charge the at least one signal-bearing conductor to a poWer 
supply voltage if the DRAM is Writing a binary value into the 
memory cell such that the ?rst terminal is grounded, and 
Wherein the DRAM is further con?gured to ground the at least 
one signal-bearing conductor if the DRAM is Writing a binary 
value into the memory cell such that the ?rst terminal is 
charged to a poWer supply voltage. 
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[0016] The invention is not limited to the features and 
advantages described above. Other features are described 
beloW. The invention is de?ned by the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 illustrates a conventional DRAM; 
[0018] FIG. 2 illustrates a conventional sense ampli?er; 
[0019] FIG. 3 illustrates a sense ampli?er incorporating a 
self-bias generation circuit and a hybrid core transistor/IO 
transistor architecture in accordance With an embodiment of 
the invention; 
[0020] FIG. 4 illustrates a self-bias generation circuit in 
accordance With an embodiment of the invention; 
[0021] FIG. 5 illustrates a DRAM including sense ampli?er 
as discussed With regard to FIG. 3; 
[0022] FIG. 6 illustrates a Word line compensation circuit 
for the sense ampli?er of FIG. 3; 
[0023] FIG. 7 illustrates a pre-charging circuit and a level 
shifter and isolation multiplexer circuit for the sense ampli?er 
of FIG. 3; 
[0024] FIG. 8 illustrates the biasing of sense ampli?ers 
during idle periods in accordance With an embodiment of the 
invention; 
[0025] FIG. 9 is a cross-sectional vieW of a metal-layer 
storage capacitor for the DRAM of FIG. 5; 
[0026] FIG. 10 is a schematic vieW of the memory cell 
storage capacitor of FIG. 9; and 
[0027] FIG. 11 is a plan vieW of a metal layer layout for the 
metal-layer storage capacitor of FIG. 9. 

DETAILED DESCRIPTION 

[0028] Reference Will noW be made in detail to one or more 
embodiments of the invention. While the invention Will be 
described With respect to these embodiments, it should be 
understood that the invention is not limited to any particular 
embodiment. On the contrary, the invention includes altema 
tives, modi?cations, and equivalents as may come Within the 
spirit and scope of the appended claims. Furthermore, in the 
folloWing description, numerous speci?c details are set forth 
to provide a thorough understanding of the invention. The 
invention may be practiced Without some or all of these spe 
ci?c details. In other instances, Well-known structures and 
principles of operation have not been described in detail to 
avoid obscuring the invention. 
[0029] Turning noW to FIG. 3, an improved sense ampli?er 
300 includes a self-bias generation circuit 305. The self-bias 
generation circuit complements the operation of a pre-charge 
circuit 310 that operates to charge a bit line B and a bit line Bx 
to a desired pre-charge voltage prior to a read operation. 
Should the pre-charge circuit 310 operate Without the self 
bias generation circuit, a differential ampli?er 3 15 Will, due to 
its offset, provide some voltage difference betWeen a positive 
output P0 and a negative output N0 even though bit lines B 
and Bx are at the same voltage. To cancel this offset voltage, 
the voltages of bit lines B and Bx may be adjusted in a 
complementary fashion from the pre-charge voltage using 
negative feedback. In this manner, the differential ampli?er 
may then immediately respond to any additional changes in 
the voltages of bit lines B and Bx due to a read operation by 
amplifying the additional change according to its internal 
gain. This ampli?ed change is then applied across outputs P0 
and N0 so that a regenerative latch 320 may drive its outputs 
P and N accordingly. Outputs P and N then drive the bit lines 
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so that the appropriate voltage is restored on the storage 
capacitor that Was just accessed. 
[0030] An exemplary self-bias generation circuit 305 is 
illustrated in FIG. 4. Operation of circuit 305 may be isolated 
from the pre-charge operation. In other Words, the pre-charge 
circuit of FIG. 3 charges the bit lines B and Bx to a suitable 
voltage and then lets these lines ?oat While the self-bias 
generation circuit operates to cancel the offset in the differ 
ential ampli?er. Similarly, the self-bias generation circuit 
operation may be isolated from the voltage differences 
betWeen the bit lines resulting from a memory cell being 
accessediWithout such isolation, the voltage difference 
from the memory cell being accessed Would be treated as an 
offset by the self-bias generation circuit and thereby erased. 
As seen in FIG. 4, self-bias generation circuit 305 comprises 
feedback NMOS transistors 405 and 410 having gates driven 
by a bias control signal. When the bias control signal is 
asserted (pulled high), feedback transistor 405 becomes con 
ductive such that the voltage of input P equals the voltage of 
output N0. Similarly, feedback transistor 410 becomes con 
ductive such that the voltage of input N equals the voltage of 
output P0. It may be seen that the resulting negative feedback 
through the differential ampli?er dramatically reduces the 
effects of the voltage offset. For example, if the voltage offset 
is represented by a voltage difference AV, the relationship 
betWeen the input and output voltages is given by: 

Where G is the gain of the differential ampli?er, VP andVN are 
the voltages at the input nodes P and N, respectively, and V PO 
and VNO are the voltages at the output nodes P0 and N0, 
respectively. Should VPO equal VN and VNO equal VP such as 
When the bias control signal is asserted, the preceding equa 
tion leads to: 

As a result, the offset is reduced by the factor (G+ l ), Because 
the open loop gain G is large for a differential ampli?er, the 
effect of the offset voltage is virtually eliminated. It Will be 
appreciated that other topologies may be used for the self-bias 
generation circuit to eliminate the offset effect in this fashion. 
[0031] Turning noW to FIG. 5, a DRAM 500 that includes a 
plurality of sense ampli?ers 300 is illustrated. To increase 
density, each sense ampli?er 300 senses the charge in 
memory cells associated With tWo sets of Word lines: a ?rst set 
of N Word lines W and a set of N Word lines W'. For illustra 
tion clarity, only 3 Word lines for each set are shoWn in FIG. 
5. For similar illustration clarity, it may thus be seen that, With 
the exception of differential ampli?er 315 and regenerative 
latch 320, just one 1/2 of the remaining circuitry in sense 
ampli?er 300 is illustrated in FIG. 3. This remaining circuitry 
is repeated a second time so that the resulting sense ampli?er 
may service the tWo sets of Word lines. Referring again to 
FIG. 5, a memory cell (discussed further With regard to FIG. 
10) formed from a storage capacitor and a corresponding 
access transistor resides at the intersection of each Word line 
and bit line. 
[0032] A hybrid architecture for DRAM 500 Will noW be 
discussed. As knoWn in the CMOS arts, a CMOS circuit may 
include input/output (I/O) transistors and core transistors. 
The U0 transistors are more robust than the core transistors so 
as to handle the relatively large voltages used in conventional 
I/O protocols. In contrast, the core transistors are smaller and 
cannot be subjected to the I/O voltages. Instead, the core 
transistors are poWered using a core voltage that is loWer than 
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the I/O voltage used in the I/O transistors. For example, in 
modern high-density CMOS, the core voltage (Which Will be 
referred to herein as VDD) may be just 1V Whereas the I/O 
voltage (Which Will be referred to herein as VIO) may be 2.5V. 
Advantageously, DRAM 500 is constructed from a mix of I/O 
and core transistors to maximiZe density and performance. 
The memory cells (discussed With regard to FIG. 10) are 
formed using an I/O process Whereas differential ampli?er 
and regenerative latch are constructed using core devices. 
Because I/O transistors have a higher threshold voltage (e. g., 
0.5V to 0.7V as compared to 0.35V to 0.5V for core devices), 
leakage from the storage capacitors through the correspond 
ing access transistors is reduced. In addition, the amount of 
charge Q that can be loaded into the storage capacitors is 
maximiZed. Density is enhanced, hoWever, because differen 
tial ampli?er 315 and regenerative latch 320 may be con 
structed using core transistors. Regenerative latch 320 may 
thus drive the voltages VP and VN to just a maximum voltage 
VDD. As Will be explained further herein, a level-shifter 
circuit and isolation multiplexer 335 (FIG. 3) boosts the 
Write-back voltages from the regenerative latch to VIO levels. 
Because pre-charge circuit 310 is charging bit lines that Will 
be sensed by a core-voltage-poWered sense ampli?er, a suit 
able pre-charge voltage for the bit lines to be sensed equals 
VDD/2. Advantageously, the storage capacitors may then be 
charged With IO level voltages yet the sense ampli?er oper 
ates off of core voltages. In this fashion, poWer consumption 
by the sense ampli?er is signi?cantly reduced While leakage 
currents from the storage capacitors are minimized. To fur 
ther minimiZe leakage from memory cells corresponding to 
inactive Word lines (the remaining Word lines besides the 
Word line Whose voltage is raised to access a corresponding 
memory cell), the inactive Word line voltages may be driven 
to negative values through the use of a charge pump (not 
illustrated). 
[0033] Although the sense ampli?er discussed With regard 
to FIG. 3 increases the sensitivity of its differential ampli?er, 
the resulting biases may affect the margins regarding Whether 
an accessed memory cell Was storing a “l” or a “0.” In other 
Words, the negative feedback through the self-bias circuit Will 
pull the bit line voltages slightly aWay from their pre-charge 
voltage. For example, a suitable pre-charge voltage is VDD/ 2. 
For an ideal core-voltage-poWered sense ampli?er, such a 
pre-charge voltage neither favors a logical 1 nor a logical Zero 
decision and is thus theoretically ideal. The self-bias genera 
tion circuit described herein Will pull the bit lines aWay from 
this ideal bias point such that a logical 0 may be favored over 
a logical l decision (or vice versa). In general, the ideal bias 
point for a given differential ampli?er Will depend upon the 
relative strengths of its PMOS and NMOS transistors. In turn, 
these relative strengths are affected by the particular semi 
conductor process comer used to manufacture the transistors. 
A customer of a semiconductor foundry can never guarantee, 
a priori, What particular process comer Will be used to manu 
facture a given batch of Wafers. Thus, the relative margin 
betWeen logical 0 and logical l decisions for a sense ampli?er 
that includes a self-bias generation circuit may also be unpre 
dictable. 

[0034] As a result, although a sense ampli?er With self-bias 
generation advantageously is more sensitive to the voltage 
differences produced by accessing a memory cell, the self 
bias generation may push the sense ampli?er into having less 
than ideal margins betWeen logical 0 and logical l decisions. 
Referring again to FIG. 3, bit line B may be biased by a trim 
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circuit such as a trim capacitor 325 charged by an adaptive 
signal (trimx) such that a less-than-ideal margin may be opti 
miZed. Similarly, bit line Bx may include a trim capacitor 330 
charged by an adaptive signal (trimy) to also optimiZe the 
margin. Upon manufacture of a DRAM having sense ampli 
?ers With self-bias generation, a user may test the bit error rate 
for storing the binary states (logical 0 vs. logical 1). Should 
the bit error rate for storing, for example, a logical 0 in each 
memory cell be higher than When a logical l is stored, the 
adaptive signals trimx and trimy may be adjusted such that the 
bit error rate is minimized for both decisions. During idle 
states, the adaptive trim signals are not asserted. The adaptive 
trim signals may range through a binary-Weighted range of 
values. Upon manufacture, the appropriate trim signal values 
to be applied after self-bias generation may be “bumed” into 
the circuit using, for example, fuses or non-volatile memory. 
It Will be appreciated that a trim circuit may be used in 
DRAMs Without self-bias cancellation and in other memories 
such as SRAM or ?ash. For example, the trim circuit may 
comprise an adjustable current source should a memory use 
current sensing to make bit decisions. Regardless of the type 
of bias adjustment provided by a trim circuit coupled to a bit 
line (such as charge from a capacitor or current from a current 
source), the trim circuit may be adjusted by a controller 
depending upon the observed bit error rate to enhance perfor 
mance. Moreover, a trim circuit may be used during debug 
ging to test memory performance in response to trim-circuit 
provided bit line bias adjustments. 
[0035] As discussed With regard to FIG. 1, a memory cell is 
accessed by raising the corresponding Word line so that the 
access transistor couples the storage capacitor to its bit line. 
As the circuit dimensions are pushed ever smaller, the length 
of the bit line Will also shrink. In turn, this reduces the overall 
capacitance of the bit line such that the capacitance of the 
access transistor may become relatively appreciable com 
pared to the bit line capacitance. Thus, When the Word line 
voltage is raised, the bit line voltage Will also increase. This 
access-transistor-coupled voltage increase may lead to unde 
sirable bit error rates. Thus, sense ampli?er 300 may include 
a Word line compensation circuit 340 (FIG. 3). Turning noW 
to FIG. 6, Word line compensation circuit 340 is farther illus 
trated. As seen in FIG. 6, each bit line may be associated With 
an extra Word line. Suppose a memory cell that couples to bit 
line B is to be read/refreshed. Although the sense ampli?er 
implements offset bias cancellation, bit error rates may be 
affected through an access-transistor-capacitively-coupled 
voltage increase on bit line B When the corresponding Word 
line voltage is raised. To prevent such a voltage difference 
betWeen bit line B and bit line Bx, a replica Word line (denoted 
as Word line even (We)) has its voltage increased to the same 
amount as the Word line Whenever a memory cell coupling to 
bit line B is accessed. Similarly, another replica Word line 
(denoted as Word line odd (Wo)) is increased Whenever a 
memory cell coupling to bit line Bx is accessed. 

[0036] Each replica Word line couples to a replica access 
transistor and a replica storage capacitor that are matched to 
the actual access transistors and storage capacitors. For 
example, Word line We drives the gate of a replica access 
transistor 600 so that a replica storage capacitor 605 Will be 
coupled to bit line Bx. To prevent stray charge from storage 
capacitor 605 undesirably affecting the voltage on bit line Bx, 
it has a terminal shorted to bit line Bx. Similarly, Word line Wo 
drives the gate of a replica access transistor 610 so that a 
replica storage capacitor 615 is coupled to bit line B (for 
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illustration clarity the replica Word lines and associated cir 
cuitry for bit lines B' and Bx' are not shoWn). Consider the 
advantages of such a memory architectureiWhatever access 
transistor-capacitively-induced voltage increase that occurs 
When memory cells coupled to bit line B are being accessed, 
the same voltage increase Will occur on bit line Bx, Similarly, 
if memory cells coupled to bit line Bx are being accessed, any 
access-transistor-capacitively-induced voltage increase on 
bit line Bx Will also occur on bit line B. In this fashion, no 
voltage difference Will be induced betWeen the sensed bit 
lines despite the corresponding access transistors being 
driven on. Although the voltage difference is thus cancelled, 
both bit line voltages are noW slightly increased in voltage 
from the offset-cancelling levels induced by the self-bias 
circuit. To bring the bit line voltage levels back to this ideal 
level, feedback transistors 405 and 410 (FIG. 4) in the self 
bias generation circuit may be tWice as large as the access 
transistors. Thus, as feedback transistors 405 and 410 are 
turned off during sensing, they Will each have a capacitive 
coupling to the bit lines that matches that of the access tran 
sistors, In this fashion, as the gate voltages on feedback tran 
sistors 405 and 410 are grounded, the resulting capacitive 
coupling from these transistors Will park the bit line voltages 
at their ideal (offset cancelling) levels. 
[0037] After processing the voltages on nodes P and N, the 
bit lines Will be pulled ?ll rail (in core voltage VDD) in a 
complementary fashion through the regenerative latching 
action of regenerative latch 320 (FIG. 3). To shift this core 
voltage to an 10 level, level shifter and isolation multiplexer 
335 may include cross-coupled PMOS transistors 700 and 
705 as illustrated in FIG. 7. Both transistors 700 and 705 
couple betWeen their respective bit lines and an I/O poWer 
supply providing an I/O poWer supply voltage VIO. Suppose 
a memory cell coupled to bit line B has been accessed that 
stored a logical “1” such that the regenerative latch drives 
voltage VP high and voltage VN loW. The high voltage on bit 
line B Will sWitch transistor 700 to be off such that bit line Bx 
is isolated from voltage VIO. Conversely, the loW voltage on 
bit line Bx Will sWitch transistor 705 on such that the voltage 
on bit line B is raised to VIO. The corresponding memory cell 
on bit line B Will thus be charged to VIO. On the other hand, 
suppose this memory cell Was accessed but Was storing a 
logical “0.” The regenerative latch Will then drive voltage VP 
loW and voltage VN high. Transistor 700 Will thus conduct so 
as to charge the voltage on bit line Bx to VIO Whereas tran 
sistor 705 Will be off so that bit line B remains grounded. To 
minimiZe leakage and coupling effects, each transistor 700 
and 705 may couple to their respective bit lines series With 
another PMOS transistor controlled by a gate voltage sx that 
is pulled loW after memory cell access. 

[0038] Pre-charge circuit 310 may comprise NMOS tran 
sistors 710 and 715 that couple betWeen a poWer supply of 
voltage VDD/ 2 and their respective bit lines. Prior to memory 
cell access, a controller (not illustrated) Will drive transistors 
710 and 715 on so that the bit line voltages are raised to 
VDD/2. A balance transistor 735 also conducts to ensure 
voltage equality betWeen the bit lines. Transistors 710, 715, 
and 735 are then turned off so that the bit lines ?oat during the 
self-bias cancellation process discussed previously. During 
this process, isolation transistors 725 and 730 are turned on to 
couple the respective bit lines to the self-bias generation 
circuit. After the offset bias is removed and the feedback 
transistors (FIG. 4) turned off, the isolation transistors must of 
course stay on so that the memory cell being accessed may be 
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decoded by the sense ampli?er. Because of the level-shifting 
occurring With regard to transistors 700 and 705, the isolation 
transistors are driven by a gate voltage of (V DD+Vthmh0Zd). 
In this fashion, the voltage on the sources of these transistors 
may be at VIO While the drains may be at just VDD. The 
transistors shoWn in FIG. 7 are all I/O transistors because of 
the IO level voltage that is being impressed on the bit lines. As 
discussed With regard to FIG. 5, the sense ampli?ers may 
process multiple sets of Word lines and their corresponding 
memory cells. Thus, transistors 725 and 730 may be consid 
ered to have a multiplexer action since either bit lines B and 
Bx or bit lines B' and Bx' are being selected through level 
shifter and isolation multiplexer circuits 735. 
[0039] After sensing, sense ampli?er 300 may be sWitched 
off as illustrated in FIG. 8. A controller (not illustrated) ?rst 
sWitches off poWer supply transistors 800 that provide the 
poWer supply voltage VDD to the differential ampli?ers and 
regenerative latches 802. A corresponding ground transistor 
801 couples these circuits to ground. Balance transistor 735 is 
left on for a period of time after this sWitching of transistors 
800. Thus, the bit lines Will fall to a voltage of approximately 
VDD/ 2 at this time. The feedback and ground transistors are 
also left on during this period. After a suitable period of time, 
the feedback transistors (FIG. 4), the balance transistor, and 
the ground transistors are sWitched off. At this point, the sense 
ampli?er Will have operated in a sub-threshold mode to drive 
the bit lines close to their offset-bias-cancelled voltages. To 
keep the bit line voltages at this desirable voltage level, a 
PMOS resistor 805 couples a VDD poWer supply voltage to 
the drains of the poWer supply transistors. The drains are thus 
maintained as a virtual VDD poWer supply node. Similarly, an 
NMOS resistor 810 couples a ground node to the drains of 
ground transistors 801 so that these drains are maintained as 
a virtual ground. Each resistor may be constructed from a 
series of small channel devices. Thus, the NMOS and PMOS 
resistors mimic the PMOS and NMOS relative strengths 
Within circuits 802 resulting from the particular semiconduc 
tor manufacturing process corner that Was implemented at the 
foundry. In other Words, if these relative strengths are such 
that the virtual ground should be slightly higher than it oth 
erWise Would be, the NMOS/PMOS resistor values Will be 
such that the virtual ground is maintained at this desired level. 
Conversely, if these strengths are such that the virtual poWer 
supply node should be slightly higher than it otherWise Would 
be, it Will be maintained at this level. The end result is that the 
PMOS and NMOS resistors inject the appropriate amount of 
leakage current to maintain the bit line voltages relatively 
close to their offset-bias-cancelled levels. In this fashion, the 
sense ampli?er may “Wake up” very quickly to sense a 
memory cell’s content after being idle. 

[0040] The combination of the offset bias cancellation and 
Word line compensation discussed above leads to a very sen 
sitive sense ampli?er design. Because the sense ampli?er 
may thus service more Word line roWs, density is dramatically 
improved. Moreover, the use of I/O voltages in the memory 
cells (Which provides more charge to drive the bit lines) and 
also the bit line biasing during idle periods discussed With 
regard to FIG. 8 provides a relatively speedy memory opera 
tion. In this fashion, the resulting DRAM may be denoted as 
a “one-transistor” SRAM in that it relatively fast yet uses just 
one transistor per memory cell. 

[0041] To keep the memory cells compatible With CMOS 
processes, the storage capacitors discussed With regard to 
FIG. 1 may be implemented in semiconductor manufacturing 
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process metal layers. Alternatively, the storage cells may 
comprise storage transistors. Because metal-layer capacitors 
offer much greater capacitances and density at advanced pro 
cess dimensions, the folloWing discussion Will assume With 
out loss of generality that the memory cells are implemented 
using metal-layer-implemented storage capacitors. Turning 
noW to FIG. 9, each metal-layer storage capacitor 900 may be 
constructed using the conventional metal layers available in 
CMOS and other semiconductor processes. The number of 
metal layers available depends upon the particular semicon 
ductor process being implemented and is represented by an 
integerN. Thus, the metal layers range from a ?rst metal layer 
M1 separated from a substrate 904 by a ?rst ?eld oxide layer 
FOX1 to a ?nal metal layer MN separated from an underlying 
metal layer (not illustrated) by a ?eld oxide layer FOXN. 
[0042] A node 905 of the storage capacitor is charged by the 
corresponding bit line. Node 905 includes metal layer plates 
or conductors coupled through vias 920. Node 905 is sepa 
rated from an adjacent node 910 to form the capacitor. Node 
910 may comprise corresponding metal layer plates coupled 
by vias as discussed With regard to node 905. In such an 
embodiment, node 910 Would thus be tied to a desired voltage 
level such as ground. But as Will explained further herein, a 
dramatic increase in capacitance may be achieved if signal 
bearing conductors are used to form node 910. A resulting 
memory cell 1000 is illustrated in FIG. 10. An I/O access 
transistor couples a metal-layer storage capacitor 1001 to the 
corresponding bit line When the Word line is raised. Signals 1 
through 6 are carried on the various metal layers shoWn in 
FIG. 9. To realiZe the dramatic bene?ts of such a signal 
bearing metal-layer capacitor (as opposed to a metal-layer 
capacitor in Which node 910 has a ?xed voltage), one or more 
of the signals needs to be controlled during a Write operation. 
For example, suppose all signals 1 through 6 are raised to a 
poWer supply voltage (Which may be either VDD or VIO 
level) While a Zero is Written into the memory cell. Because a 
poWer supply voltage difference AV exists across nodes 905 
and 910 of the storage capacitor, the capacitor must store a 
charge Q as commanded by the Well-knoWn relationship 
Q:C*AV, Where C is the capacitance of the metal-layer stor 
age capacitor. Conversely, suppose signals 1 through 6 are 
grounded While a binary one is Written into memory cell 
1000. The same charge is stored but of opposite polarity. The 
difference in voltage for the signal lines betWeen a logical 
Zero and a logical one Write operation may be denoted as a 
sWing voltage. To read these binary states, signals 1 through 
6 are raised to the poWer supply voltage. Thus, the binary 
states of Zero and one are effectively separated by a voltage 
difference of 2*AV rather than just AV as Would be the case if 
node 910 Were maintained at a ?xed voltage. It may be shoWn 
that the effective capacitance of the metal-layer storage 
capacitor is thus increased by a factor of (1+y), Where y is 
proportional to a ratio of the sWing voltage and the actual 
voltage difference Written into the cell. Because of this mul 
tiplicative effect on the effective capacitance, an increase in 
capacitance of 2-3 times may be achieved as compared to a 
comparable metal-layer storage capacitor that uses a ?xed 
voltage for node 910. Although this effective capacitive 
boosting has been described With regard to a metal-layer 
capacitor, it Will be appreciated that this boosting may be 
applied to other DRAM capacitor structures such as trench 
capacitors or transistor-implemented capacitors. 
[0043] An exemplary layout for metal-layer storage capaci 
tor 1001 Will noW be discussed. Referring back to FIG. 5, it 
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may be appreciated that the memory cells are arranged in a 
grid-like fashion such that each memory cell may be consid 
ered to have a Width W. Under foundry design rules, each 
metal layer conductor must be separated by a distance d. 
Thus, if the conductor used to form node 905 Were con?ned 
Within the Width W allotted to each memory cell, it Will have 
a maximum length of (W-d). To provide a greater length and 
thus capacitance, the conductors for node 905 in adjacent 
cells may be overlapped and staggered as shoWn in FIG. 11 
for a ?rst metal layer M1. In this fashion, the length of each 
conductor for node 905 may be extended to (2W-d). This 
pattern is repeated in metal layer 2 and so on. HoWever, to 
optimiZe parasitic coupling, the pattern is rotated 90 degrees 
betWeen each metal layer if possible under the routing cir 
cumstances. To minimize routing complications, the bit lines 
may be formed as diffusion regions in the substrate. 
[0044] The above-described embodiments of the present 
invention are merely meant to be illustrative and not limiting. 
It Will thus be obvious to those skilled in the art that various 
changes and modi?cations may be made Without departing 
from this invention in its broader aspects. Therefore, the 
appended claims encompass all such changes and modi?ca 
tions as fall Within the true spirit and scope of this invention. 

We claim: 
1. A DRAM, comprising: 
a plurality of memory cells, each memory cell including an 

access transistor and a storage capacitor, Wherein the 
storage capacitor includes a ?rst node coupled to the 
access transistor and a second node isolated from the 
?rst node, the second node comprising signal-bearing 
metal conductors. 

2. The DRAM of claim 1, Wherein the DRAM is con?gured 
to drive at least one of the signal-bearing metal conductors to 
a supply voltage if the storage capacitor is being Written With 
a ground voltage, and Wherein the DRAM is con?gured to 
drive at least one of the signal-bearing metal conductors to 
ground if the storage capacitors is being Written With a poWer 
supply voltage. 

2. The DRAM of claim 1, Wherein one of the signal 
bearing metal conductors conducts a global read signal. 

3. The DRAM of claim 2, Wherein the storage capacitor is 
a trench capacitor. 

4. The DRAM of claim 2, Wherein the storage capacitor is 
a storage transistor. 

5. The DRAM of claim 2, Wherein the storage capacitor is 
a metal-layer capacitor. 

6. The DRAM of claim 1, further comprising: 
a pair of bit lines, each bit line being couplable to selected 

ones of the memory cells; 
a differential ampli?er adapted to amplify a voltage differ 

ence betWeen the pair of bit lines; and 
a self-bias generation circuit adapted to reduce an offset 

bias in the differential ampli?er With regard to the ampli 
?cation of the voltage difference betWeen the pair of bit 
lines. 

7. The DRAM of claim 6, further comprising a regenerative 
latch that drives the pair of bit lines responsive to the ampli 
?cation of the voltage difference. 

8. The DRAM of claim 7, further comprising a ?rst trim 
capacitor coupled to a ?rst one of the bit lines and a second 
trim capacitor coupled to a second one of the bit lines. 

9. The DRAM of claim 6, Wherein the differential ampli?er 
drives a pair of output nodes responsive to the voltage differ 
ence ampli?cation betWeen a pair of input nodes coupled to 
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the bit lines, each of the input and output node pairs compris 
ing a positive node and a negative node, and Wherein the 
self-bias generation circuit comprises a ?rst transistor that 
couples the positive input node to the negative output node 
and a second transistor that couples the negative input node to 
the positive output node. 

10. The DRAM of claim 7, Wherein the differential ampli 
?er and regenerative latch are constructed using core transis 
tors, and Wherein the memory cells are constructed using l/O 
transistors. 

11. The DRAM of claim 10, further comprising: a level 
shifting circuit constructed from l/O transistors, the level 
shifting circuit being operable to shift a core level output 
voltage from the regenerative latch into an I/O level voltage 
for driving the bit lines, the regenerative latch thereby driving 
a ?rst one of the bit lines to the I/O level voltage and a 
remaining one of the bit lines to a ground voltage during a 
read/refresh operation. 

12. The DRAM of claim 11, Wherein the level-shifting 
circuit comprises cross-coupled PMOS transistors. 

13. The DRAM of claim 12, Wherein the level-shifting 
circuit further comprises isolation transistors inserted into the 
bit lines, the isolation transistors being driven With the core 
level voltage plus a threshold voltage during a read/refresh 
operation so as to divide each bit line into a ?rst portion 
extending from the memory cells to the bit line’s isolation 
transistor and into a second portion extending from the bit 
line’s isolation transistor to the differential ampli?er. 

14. A method of operating a DRAM, Wherein the DRAM 
includes a plurality of memory cells, each memory cell 
including a storage capacitor having a ?rst terminal formed 
by signal-bearing conductors for the DRAM, the method 
comprising: 

Writing a ?rst binary value into a ?rst one of the storage 
capacitors by grounding a second opposing terminal of 
the storage capacitor While charging at least one of the 
signal-bearing conductors that form the ?rst terminal to 
a poWer supply voltage; and 

Writing a second binary value into a second one of the 
storage capacitors by charging a second opposing termi 
nal of the storage capacitor While grounding at least one 
of the signal-bearing conductors that form the ?rst ter 
minal. 

15. The method of claim 14, further comprising: 
reading the binary value Written into the ?rst one of the 

storage capacitors While charging the at least one of the 
signal-bearing conductors that form the ?rst plate to the 
poWer supply voltage. 

16. The method of claim 16, further comprising: 
reading the binary value Written into the second one of the 

storage capacitors While charging the at least one of the 
signal-bearing conductors that form the ?rst plate to the 
poWer supply voltage. 

17. The method of claim 14, Wherein the poWer supply 
voltage is an l/O-level voltage. 

18. A DRAM, comprising: 
a plurality of memory cells, each memory cell including a 

storage capacitor having a ?rst terminal coupled to an 
access transistor and a second terminal coupled to at 
least one signal-bearing conductor for the DRAM, 
Wherein the DRAM is con?gured to charge the at least 
one signal-bearing conductor to a poWer supply voltage 
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if the DRAM is Writing a binary Value into the memory 19. The DRAM of claim 18, Wherein the storage capacitors 
cell such that the ?rst terminal is grounded, and Wherein are metal-layer capacitors. 
the DRAM iS further COn?gUl‘ed IO grOund the at least 20. The DRAM of claim 18, Wherein the storage capacitors 
one signal-bearing conductor if the DRAM is Writing a are storage transistors, 
binary Value into the memory cell such that the ?rst 
terminal is charged to a poWer supply Voltage. * * * * * 


