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(57) ABSTRACT 

A circuit is designed With a decode circuit (313-315) having 
a ?rst output terminal (319). The decode circuit is coupled 
to receive an address signal (81, 82, 85) having a ?rst 
voltage range for producing a ?rst output signal having one 
of a ?rst and second logic levels. An output circuit (307, 
309) is coupled to receive the ?rst output signal and a poWer 
supply signal. The output circuit produces a second output 
signal having a second voltage range. A ?rst latch transistor 
(301) is coupled to receive the second output signal. The ?rst 
latch transistor is arranged to couple the ?rst output terminal 
to a voltage terminal (209) in response to one of a ?rst and 
second logic state of the second output signal. Asecond latch 
transistor (317) is coupled to receive the second output 
signal. The second latch transistor is arranged to couple the 
?rst output terminal to a reference terminal (318) in response 
to another of the ?rst and second logic state of the second 
output signal. 
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ROW DECODER WITH SWITCHED POWER 
SUPPLY 

FIELD OF THE INVENTION 

[0001] This invention relates to an integrated circuit and 
more particularly to an integrated circuit With a roW decoder 
having a sWitched power supply. 

BACKGROUND OF THE INVENTION 

[0002] Present complementary metal oXide semiconductor 
(CMOS) dynamic random access memory (DRAM) circuits 
are frequently used for main memory in a variety of appli 
cations including desk top and portable computer systems. 
These dynamic random access memory circuits frequently 
utiliZe memory cells formed by a single access transistor and 
a storage capacitor for storing an electrical charge repre 
senting a datum. An increasing demand for greater speed and 
cell density in dynamic random access memory circuits has 
been partially satis?ed by reducing the operating voltage and 
the feature siZes of the memory cell. This reduction in 
operating voltage reduces the total charge that must be 
transferred to active signal lines. The reduction in feature 
siZes decreases load capacitance of the signal lines. Large 
capacitance signal lines such as Word lines, hoWever, still 
require large drive transistors to satisfy speed requirements. 
Moreover, active Word lines of memory circuits organiZed in 
banks must be latched. These latched active Word lines 
permit activation of Word lines in alternate banks Without 
deactivation of the ?rst bank. 

[0003] RoW decode circuits of the prior art have seg 
mented Word lines to reduce load capacitance of each drive 
circuit. The decode circuit of FIG. 6 of the prior art includes 
thirty-six Word line segment drive circuits 650 for each 
global roW decode circuit 600. In operation, global Word line 
signal /WLGS of the global roW decode circuit 600 is 
precharged high by transistor 611. The global roW decode 
circuit is selected When address signals turn on transistors 
615 and 619, and block select signal /BSEL2 is driven loW. 
The resulting current path discharges terminal 613 and 
drives global Word line signal /WLGS loW at each of the 
thirty-six Word line segment drive circuits 650. This loW 
level is not latched, and must be maintained, therefore, by 
the active state of the address signals and the block select 
signals. The X+ drive circuit of FIG. 5 selects one of the 
Word line segment drive circuits 650. This X+ drive circuit 
includes a decode circuit 500 for producing drive signal /X+ 
and a buffering inverter 550 for producing complementary 
signal X+. These drive signals together With a loW level of 
global Word line select signal /WLGS produce a high level 
output signal WLa at Word line lead 639. 

[0004] Previous memory circuits have employed roW 
decode circuits With level translators as disclosed in US. 
Pat. Nos. 5,668,485, 5,808,482 and 5,696,721. The roW 
decode circuit of US. Pat. No. 5,808,482 disclosed in FIG. 
7, for eXample, uses a level translator to increase the Word 
line voltage and avoid a threshold voltage loss at the storage 
capacitor due to the access transistor. The roW decode circuit 
is activated When block select signal BS_ is driven loW and 
address signals RF] and RFK are driven high. The resulting 
loW signal at the control gate of transistor 706 couples the 
control gate of transistor 712 to high voltage supply Vpp, 
thereby activating Word line drive circuit 722. The decode 
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circuit is reset When block select signal BS_ goes high. This 
high level turns off transistor 704 and turns on transistor 710. 
In this state, transistors 706 and 710 are both conducting. 
Transistor 706 must have a Width-to-length ratio designed 
for rapid activation of drive circuit 722. Transistor 710 must 
have a Width-to-length ratio, hoWever, that is suf?cient to 
overcome transistor 706 and turn off the decode circuit. This 
con?ict betWeen transistor 706 and 710 is illustrated by the 
simulated Waveforms of FIG. 8. Therein, a Width of tran 
sistor 710 is held at 2.0 pm While the Width of transistor 706 
assumes Widths of 0.8 pm, 3.0 pm and 6.0 pm. Although a 
Width of 6.0 pm for transistor 706 might improve rise time 
of a Word line in response to a loW level of roW address 
strobe signal RAS, the decode circuit fails to reset in 
response to the high level of roW address strobe signal RAS. 
This failure to reset results in an intermediate state of the 
output signal and lost data along a Word line that fails to turn 
off. A corresponding increase in the Width of transistor 710 
Would have a disadvantage of requiring greater area for the 
decode circuit. 

SUMMARY OF THE INVENTION 

[0005] These problems are resolved by a circuit a decode 
circuit having a ?rst output terminal and coupled to receive 
an address signal having a ?rst voltage range. The decode 
circuit produces a ?rst output signal having one of a ?rst and 
second logic levels. An output circuit is coupled to receive 
the ?rst output signal and a poWer supply signal. The output 
circuit produces a second output signal having a second 
voltage range. A?rst latch transistor is coupled to receive the 
second output signal. The ?rst latch transistor is arranged to 
couple the ?rst output terminal to a voltage terminal in 
response to one of a ?rst and second logic state of the second 
output signal. A second latch transistor is coupled to receive 
the second output signal. The second latch transistor is 
arranged to couple the ?rst output terminal to a reference 
terminal in response to another of the ?rst and second logic 
state of the second output signal. 

[0006] The poWer supply signal of the present invention 
eliminates the signi?cance of relative Widths of drive and 
reset transistors When the decode circuit is reset Without an 
increase in required area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] A more complete understanding of the invention 
may be gained by reading the subsequent detailed descrip 
tion With reference to the draWings Wherein: 

[0008] FIG. 1 is a block diagram of a memory device 
Which may employ the roW decode circuit of the present 
invention; 
[0009] FIG. 2 is a schematic diagram of an X+ drive 
circuit for a roW decode circuit of FIG. 1; 

[0010] FIG. 3 is a schematic diagram of a roW decode 
circuit of the present invention; 

[0011] FIG. 4 is a tinting diagram of the roW decode 
circuit of FIG. 3; 

[0012] FIG. 5 is a schematic diagram of an X+ drive 
circuit of the prior art; 

[0013] FIG. 6 is a schematic diagram of a roW decode 
circuit of the prior art; 
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[0014] FIG. 7 is a schematic diagram of another roW 
decode circuit of the prior art; and FIG. 8 is a timing 
diagram of the roW decoder of FIG. 7. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0015] Referring noW to FIG. 1, the synchronous dynamic 
random access memory device Will be described in detail. 
The memory device is organiZed as a 4 megabit, 4 bank and 
4 bit architecture. In operation, the memory device receives 
commands such as bank activation, read and Write com 
mands in a control logic section 101. A bank activation 
command for activating one or more memory bank 119 
precedes a read or Write command. Data is read from an 
active roW of an active bank as speci?ed by roW address 
strobe RAS# and roW and bank address signals received at 
terminals 107 and stored in address register 109. Bank 
address signals are applied to bank control logic 123. RoW 
address signals are applied to roW address latch and decode 
circuitry 117 via roW address muX 115. Consequently, a roW 
of memory cells in one of siXteen blocks of a speci?ed bank 
is activated When a Word line (not shoWn) is driven high. A 
column address strobe CAS# and column address signals are 
applied to the column decode circuitry via address register 
109 and column address counter/latch circuit 125. This 
column address is decoded to select speci?c memory cells 
along the active roW for reading or Writing of data. This data 
then passes through data output register 131 or data input 
register 133, respectively. 

[0016] A subsequent bank activation command and roW 
address sequence may be used to activate another bank 
While the active Word line in the previously activated bank 
remains high. The roW decode circuit of the present inven 
tion accomplishes this task by latching the state of the ?nal 
stage roW decode circuit as Will be eXplained in detail, rather 
than by latching address signals applied to the roW decode 
circuit. This method is highly advantageous, since it releases 
the address bus for conducting other address signals. 

[0017] Referring noW to FIG. 2, an X+ drive circuit that 
may be used With roW decode circuit 117 of FIG. 1 Will be 
described in detail. The X+ drive circuit receives block 
select signals BS and [BS, derived from a logical combina 
tion of roW address bits A8-A11, on leads 78 and 79, 
respectively. Block select signal BS has a voltage range from 
reference voltage VSS to high voltage Vpp, preferably 3.1 V. 
Block select signal [BS has a voltage range from reference 
voltage VSS to eXternal supply voltage VEXT, preferably 2.5 
V. Block select signal BS is loW When the roW decode circuit 
is disabled, and an inverter formed by transistors 201 and 
203 produces a high level on lead 205, thereby turning on 
transistor 213. Block select signal [BS is high so that 
transistor 211 is off. Thus, When the X+ drive circuit is 
disabled, and transistor 213 holds the output terminal 80 to 
reference voltage Vss. The X+ drive circuit is enabled When 
block select signal /BS goes loW, thereby turning on tran 
sistor 211 and driving poWer supply signal X+ high. 

[0018] Turning noW to FIG. 3, a roW decode circuit of the 
present invention Will be described in detail. When unse 
lected, the roW decode circuit has a loW level reference 
voltage Vss at lead 321, thereby turning on transistor 301 
and turning off transistor 317. Transistor 301 applies high 
voltage Vpp, preferably 3.1 V, to terminal 305. Transistor 
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303 applies high voltage Vpp less one transistor threshold 
voltage, preferably 2.1 V, to output terminal 319. These 
unselected or initial voltage levels turn off transistor 307 and 
turn on transistor 309, thereby latching Word line signal WL 
at lead 321 to reference voltage Vss. 

[0019] The roW decode circuit is enabled When block 
select signal [BS on lead 78 goes loW. This loW level turns 
off transistor 311. Word line signal WL remains latched loW, 
hoWever, by transistor 309. The transition of block select 
signal /BS on lead 78 and block select signal BS on lead 79 
causes the X+ drive circuit (FIG. 2) to drive poWer supply 
signal X+ from a reference voltage Vss level to a high 
voltage Vpp level. The roW decode circuit is selected by a 
unique combination of address signals RFI, RF] and RFK. 
These address signals or roW factors are predecoded logical 
combinations of address bits. For eXample, roW factor set 
RFI includes a logical AND of all true and complementary 
combinations of roW address bits A0-A1. RoW factor sets 
RF] and RFK include logical AND of combinations or roW 
address bits A2-A4 and A5-A7, respectively. One active roW 
factor or address signal from each set is applied to the 
selected roW decode circuit, thereby turning on transistors 
313-315 and coupling output terminal 319 to reference 
voltage terminal 318. This loW level at output terminal 319 
turns off transistor 309 and turns on transistor 303 Which, in 
turn, drives output terminal 305 loW, thereby establishing a 
transition current path through transistor 301 to reference 
terminal 318. The loW level at output terminal 305, hoWever, 
turns on transistor 307 and applies the high voltage level of 
poWer supply signal X+ to Word line terminal 321. This high 
voltage level, turns off transistor 301 and eliminates the 
transition current path. The high voltage level also turns on 
transistor 317, thereby latching output terminals 305 and 
319 loW and latching Word line terminal 321 high. This 
latched state of the roW decode circuit is highly advanta 
geous in maintaining a high level Word line signal WL. 
Moreover, address signals on leads 81, 82 and 85 may 
change to address another roW decode circuit in another 
block or bank Without resetting the state of Word line signal 
WL at terminal 321. 

[0020] The roW decode circuit is disabled or reset When 
block select signal /BS on lead 78 goes high. This high level 
of block select signal /BS and a corresponding loW level of 
block select signal BS on lead 79 (FIG. 2) drive poWer 
supply signal X+ loW When transistor 311 (FIG. 3) turns on. 
Thus, the substantial capacitive load at Word line terminal 
321 is simultaneously discharged through transistor 311 and 
through a series connection of transistors 307 and 213 (FIG. 
2). This discharge circuit is highly advantageous for several 
reasons. First, transistor 307 must be suf?ciently Wide to 
initially charge the Word line load capacitance to meet data 
access time constraints. This substantial design Width also 
facilitates discharge of the capacitive load. Second, the 
relative Widths of transistor 307 and 311 are unimportant, 
since both simultaneously discharge the Word line capaci 
tance. This permits a small design Width of transistor 311 
Without compromise of Word line load discharge time. 
Finally, transistor 213 also has a small design Width, since it 
is only necessary to discharge one Word line load in the 
block at any time. Thus, substantial area is conserved by 
minimal design siZes of transistors 311 and 213. Reliable 
Word line reset operation is assured, because current paths 
through transistors 307 and 311 discharge the Word line load 
capacitance. 
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[0021] A simulation of this Word line signal WL reset is 
illustrated in FIG. 4. Therein, a Width of transistor 311 is 
held at 2.0 pm While the Width of transistor 307 assumes 
Widths of 0.8 pm, 3.0 pm and 6.0 pm. A high to loW 
transition of roW address strobe signal RAS initiates the 
active cycle of the memory device. Word line poWer supply 
signal X+ is driven to high voltage supply level Vpp at 8 ns 
of simulation time. A Width of 6.0 pm for transistor 307 
provides a minimal rise time that is about 3 ns faster than a 
Width of 0.8 pm for transistor 307. This faster rise time 
provides faster access to data stored in a selected memory 
cell in a read operation. The reset operation is initiated When 
roW address strobe signal RAS returns to a high logic level. 
Block select signals BS and /BS drive Word line poWer 
supply signal X+ loW at 24 ns of simulation time in response 
to the roW address strobe RAS transition. This loW level of 
poWer supply signal X+ and the conductivity of transistor 
311 (FIG. 3) discharge the Word line capacitive load at 
substantially the same time for each Width of transistor 307. 
Thus, an advantage of the present invention is that transistor 
307 is designed to optimiZe Word line rise time Without 
compromise of Word line reset effectiveness. Another advan 
tage is that the Width of transistor 311 may be designed to 
optimiZe Word line discharge time. 

[0022] Although the invention has been described in detail 
With reference to its preferred embodiment, it is to be 
understood that this description is by Way of eXample only 
and is not to be construed in a limiting sense. For eXample, 
advantages of the instant invention Would also be realiZed if 
transistors 211 and 213 Were both turned off by respective 
block select signals. The resulting high impedance state at 
poWer supply signal lead 80 Would also facilitate discharge 
of the Word line load capacitance through transistor 311. 
Moreover, a transition of poWer supply signal X+ from high 
voltage level Vpp to a lesser voltage level of, for eXample, 
2.5 V Would reduce the current capacity of transistor 307, 
thereby improving Word line reset time. 

[0023] It is to be further understood that numerous 
changes in the details of the embodiments of the invention 
Will be apparent to persons of ordinary skill in the art having 
reference to this description. It is contemplated that such 
changes and additional embodiments are Within the spirit 
and true scope of the invention as claimed beloW. 

What is claimed: 
1. A circuit, comprising: 

a decode circuit having a ?rst output terminal, the decode 
circuit coupled to receive a ?rst address signal having 
a ?rst voltage range, the decode circuit producing a ?rst 
output signal having one of a ?rst and second logic 
levels; 

an output circuit coupled to receive the ?rst output signal 
and a poWer supply signal, the output circuit producing 
a second output signal having a second voltage range; 

a ?rst latch transistor coupled to receive the second output 
signal, the ?rst latch transistor arranged to couple the 
?rst output terminal to a voltage terminal in response to 
one of a ?rst and second logic state of the second output 
signal; and 

a second latch transistor coupled to receive the second 
output signal the second latch transistor arranged to 

Jul. 26, 2001 

couple the ?rst output terminal to a reference terminal 
in response to another of the ?rst and second logic state 
of the second output signal. 

2. A circuit as in claim 1, Wherein the ?rst output signal 
has a voltage range that is greater than the ?rst voltage range. 

3. A circuit as in claim 1, further comprising a memory 
cell, responsive to the second output signal, for storing a 
datum. 

4. A circuit as in claim 3, Wherein the second voltage 
range has a magnitude greater than a magnitude of the ?rst 
output signal. 

5. A circuit as in claim 4, Wherein the decoder circuit 
further comprises a plurality of decoding transistors, each 
decoding transistor having a control terminal, the control 
terminal of at least one of the decoding transistors receiving 
the ?rst address signal for selectively producing the ?rst 
output signal. 

6. A circuit as in claim 5, Wherein the ?rst address signal 
comprises a plurality of address signals, the control terminal 
of each decoding transistor receiving one of the address 
signals. 

7. Acircuit as in claim 4, Wherein the poWer supply signal 
has the second voltage range. 

8. Acircuit as in claim 4, Wherein the output circuit further 
comprises an output transistor arranged to conduct current 
during a transition of the second output signal from the ?rst 
logic state to the second logic state and during a transition 
of the second output signal from the second logic state to the 
?rst logic state. 

9. A circuit, comprising: 

a drive circuit having a ?rst output terminal the drive 
circuit arranged to produce a poWer supply signal at the 
?rst output terminal in response to a ?rst address signal; 

a plurality of decode circuits, each decode circuit having 
a respective second output terminal, each decode cir 
cuit coupled to receive a second address signal having 
a ?rst voltage range, each decode circuit producing a 
respective second output signal at the respective second 
output terminal Without receiving a precharge signal 
from a source external to the decode circuit, the respec 
tive second output signal having one of a ?rst and 
second logic levels; and 

a plurality of output circuits, each output circuit coupled 
to the ?rst output terminal, each output circuit coupled 
to the respective second output terminal of a respective 
decode circuit, each output circuit producing a respec 
tive third output signal having a second voltage range. 

10. A circuit as in claim 9, Wherein each output circuit 
further comprises: 

a ?rst latch transistor coupled to receive the respective 
third output signal, the ?rst latch transistor arranged to 
couple the respective second output terminal to a 
voltage terminal in response to one of a ?rst and second 
logic state of the respective third output signal; and 

a second latch transistor coupled to receive the respective 
third output signal, the second latch transistor arranged 
to couple the respective second output terminal to a 
reference terminal in response to another of the ?rst and 
second logic state of the respective third output signal. 
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11. A circuit as in claim 9, further comprising a memory 
cell, responsive to the respective second output signal, for 
storing a datum. 

12. A circuit as in claim 11, Wherein each output circuit 
further comprises: 

an output transistor arranged to conduct current during a 
transition of the respective third output signal from the 
?rst logic state to the second logic state and during a 
transition of the respective third output signal from the 
second logic state to the ?rst logic state; and 

a reset transistor having a control gate coupled to receive 
the ?rst address signal. 

13. A circuit as in claim 12, Wherein the output transistor 
has a Width-to-length ratio at least tWice a Width-to-length 
ratio of the reset transistor. 

14. A circuit as in claim 12, Wherein the ?rst address 
signal is a block select signal. 

15. A circuit as in claim 11, Wherein each decode circuit 
further comprises a respective plurality of decoding transis 
tors, each decoding transistor having a control terminal, the 
control terminal of at least one of the decoding transistors 
receiving the second address signal for selectively producing 
the respective second output signal. 

16. A circuit as in claim 15, Wherein the second address 
signal comprises a plurality of address signals, each address 
signal comprising a logical combination of at least tWo 
address bits, the control terminal of each decoding transistor 
receiving one of the address signals. 

17. A circuit as in claim 11, Wherein the poWer supply 
signal has the second voltage range. 
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18. A method of operating a circuit, comprising the steps 
of: 

applying a poWer supply signal of a ?rst voltage to a 
plurality of decode circuits; 

applying plural address signals of a magnitude less than a 
magnitude of the poWer supply signal to at least one of 
the decode circuits, thereby selecting the at least one 
decode circuit; 

latching an output signal having the ?rst voltage on a 
Word line coupled to the at least one decode circuit; 

latching an output signal having a second voltage on a 
Word line coupled to at least another decode circuit; and 

changing the plural address signals While maintaining the 
?rst voltage on said Word line coupled to the at least 
one decode circuit and the second voltage on said Word 
line coupled to at least another decode circuit. 

19. A method of operating a circuit as in claim 18, further 
comprising the steps of: 

producing the poWer supply signal having the second 
voltage in response to a select signal; and 

producing a voltage less than the ?rst voltage in response 
to the select signal. 

20. A method of operating a circuit as in claim 19, further 
comprising the step of activating a reset transistor in 
response to the select signal, the reset transistor producing 
the second voltage on the Word line. 

* * * * * 


