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CONTROL SCHEME

The present invention provides a method and apparatus that

[75] Inventors: Luigi Ternullo, Jr.; Michael C. accomplishes a high performance, random read/write

Stephens, Jr., both of San Jose, Calif. SDRAM design by synchronizing the read and write opera-

tions at the data line sense amplifier. This enables the design

[73] Assignee: Vanguard International to perform random read and write operations without vary-

Semiconductor Corporation, Hsinchu, ing cycle time issues or unbalanced margin issues. The data

Taiwan lines are used as bi-directional lines to accomplish high

performance reads and writes with minimal additional wir-

. ing overhead required. During a read operation, read data is

(2] Appl. No.: 08/995,379 transferred from the memory cells of the device across a

[22] Filed: Dec. 22, 1997 series of consecutive pairs of data lines to an input/output

ort of the memory device. The first pair of data lines is

[51] Int.CL7 - G1C 8/00 Icjoupled to a data liria sense amplifier. Tlllje additional pairs of

[52] US.ClL .. 365/ 233 365/ 189 05 365/202; data lines are coupled to additional amplifiers. During a read

365/190 operation, data is transferred across the consecutive pairs of

[58] Field of Search .................cccc.e.... 365/233, 189.05, data lines according to the timing cycles of the respective

365/202, 190 amplifiers. In order to quickly drive the data signals during
a write operation up the series of consecutive pairs of data

[56] References Cited lines, the timing signals for each of the pairs of data lines
except the first pair of data lines are disabled so that the data

U.S. PATENT DOCUMENTS lines are allowed to float, and then the data lines are

5,508,376  1/1997 Mertitt et al. ..oovrovoerrven. 365/230.06 ?Verqtr.wen Wntﬁ the Wmefcg“:‘ Slo tha: ﬁ:ﬁ erlte faéa dq‘tncllfly
5,886,947 3/1999 LEE wovveroeroreereeressesesereernenen 365/233 ransiions up the series of data nes 1o the selected data ine

sense amplifier, where it arrives at approximately the same
time that read data normally arrives during the timing cycle

Primary Examiner—Andrew Q. Tran for the data line sense amplifier.
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