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IMPORTANT NOTICE

Micron Technology, Inc. reserves the right to change products or specifications
without notice. Customers are advised to obtain the latest versions of product
specifications, which should be considered in evaluating a product's appropriate-
ness for a particular use. There is no assurance that Micron's semiconductors are
appropriate for any application by a customer.

MICRON TECHNOLOGY, INC. MAKES NO WARRANTIES EXPRESSED OR
IMPLIED OTHER THAN COMPLIANCE WITH MICRON'S SPECIFICATION
SHEET FOR THE COMPONENT AT THE TIME OF DELIVERY. ANY CLAIM
AGAINST MICRON MUST BE MADE WITHIN NINETY (90) DAYS FROM THE
DATE OF SHIPMENT FROM MICRON, AND MICRON HAS NO LIABILITY
THEREAFTER. ANY MICRON LIABILITY IS LIMITED TO REPLACEMENT OF
DEFECTIVE ITEMS OR RETURN OF AMOUNTS PAID FOR DEFECTIVE ITEMS
(AT THE BUYER'S ELECTION).

MICRON'S PRODUCTS ARENOT AUTHORIZED FOR USE AS CRITICAL COM-
PONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE EXPRESS
WRITTEN APPROVAL OF THE PRESIDENT OF MICRON TECHNOLOGY, INC.
AS USED HEREIN:

A. LIFE SUPPORT DEVICES OR SYSTEMS ARE DEVICES OR SYSTEMS WHICH
(1) ARE INTENDED FOR SURGICAL IMPLANT INTO THE BODY, OR (2) SUP-
PORT OR SUSTAIN LIFE AND WHOSE FAILURE TO PERFORM WHEN PROP-
ERLY USED IN ACCORDANCE WITH INSTRUCTIONS FOR USE PROVIDED IN
THE LABELING CAN BE REASONABLY EXPECTED TO RESULT IN A SIGNIFI-
CANT INJURY TO THE USER.

B. CRITICAL COMPONENT IS ANY COMPONENT OF A LIFE SUPPORT
DEVICE OR SYSTEM WHOSE FAILURE TO PERFORM CAN BE REASONABLY
EXPECTED TO CAUSE THE FAILURE OF THE LIFE SUPPORT DEVICE OR
SYSTEM OR TO AFFECT ITS SAFETY OR EFFECTIVENESS.




MICRON CONTENTS OVERVIEW

The MOS Data Book has been organized into nine sections and includes complete
detailed specifications on our growing, high performance CMOS and NMOS
product line.

Sections 1 through 7 cover individual product families. Each section contains a
product selection guide followed by data sheets. Three different types of data sheets
are used: Advance Information, which contains initial descriptions of products still
under development; Preliminary Information, which contains initial device charac-
terization limits which are subject to change upon full characterization of produc-
tion devices; and Final Information, which contains minimum and maximum limits
specified over the complete power supply and temperature range for production
devices.

Section 8 contains detailed mechanical data on each package used by Micron.

Section 9 contains sales information, with a list of sales representatives and distribu-
tors by geographical location for the North American Continent, Europe and Asia.

Additional or updated information on any Micron product is available from:

MICRON TECHNOLOGY, INC.
Marketing Department

2805 East Columbia Road

Boise, Idaho 83706

Telephone: (208) 386-3900

TWX - (910) 970-5973

FAX - (208) 343-2536




MICRON TABLE OF CONTENTS

DYNAMIC RAMS PAGE
Product Selection GUIAE .........ocviiiiiieiiciece ettt ettt ettt et b e be e e sbese s e s e saneseesesteesnas 1-1
MTA264 ..., 64K X1  Pagemode.......ooeiiiiicinininiiiciinns 1-3
MTHE067 ..o 64K X4  Pagemode.......ccoouiiiiniiiiicicicccine 1-13
MTI259 ..o, 256K X1  Pagemode......coiioieiniiicicieiinen 1-23
MT4CA256 ..o 256K X4  Fast page mode.........ccccoccvuviiiiincnnnine 1-33
MTACA258 ...t 256K X4  Static column mode ........ccoevveeviveereennns 1-45
MTACT1024 ..o IMEG X1  Fast page mode.......cccooeueieiiirinenerninnnen. 1-57
MTACT025 ..o IMEG X1  Nibble mode ......cccooveiveiincieiireceerne. 1-69
MT4ECT026 ..o eeeeeveiens IMEG X1 Static column mode ........c.cocovveeviivennnne. 1-81
MT4C400T ..o IMEG X4  Fast page mode........ccccoooeuniruniinicrrinnnnnn. 1-93
MTAC4003 ..o IMEG X4  Static column mode .......c.ccoeevvevveenvennneen. 1-105
MTACT004 ..o 4MEG X1  Fast page mode........ccccoeueniniiiiciirinnnnne, 1-117
MTACL005 ..o AMEG X1  Nibble mode ......cooeeevevieeineceeee e 1-129
MTACL006 ..ot 4MEG X 1 Static column mode .......coceeeverereniennnns 1-141

DYNAMIC RAM MODULES
Product SEleCtionN GUIAE .......ccoeuveevieieeeieeiicteeeteeetcetee ettt eae et te e baessebeesbeersesteenseennenneanns 2-1
MTBO68 ... 64K X8  Pagemode.....coereccecicen, 2-3
MTO068.......ooeveteeieeeteece et 64K X9  Pagemode.......covnvniiciiinininininiiiens 2-13
MT4259......coriiiiiiiciec, 256K X4  Pagemode.....viivinininiiininniniins 2-23
MTB85259......ooviiiieiicicicii 256K X5  Pagemode......eimiereineiiieiiee, 2-33
MT8E259 ... 256K X 8 Page mode, low profile ... 2-43
MTB8259 ..ot 256K X8  Page mode......ccoocvniirriciciiniccnnen, 2-53
MTO259 ... 256K X 9 Page mode, low profile ... 2-63
MTO9259 ..., 256K X9  Pagemode......ccooinininiinereiiieieinn, 2-73
MT8C3656 ..ot 256K X36 Page mode......cccoovuvviininninenininnecies 2-83
MTBC8024 ..., IMEG X8  Fast page mode........ccoeeiiiiinniininniennnnn, 2-93
MT8BCB025 ..ottt IMEG X8  Nibble mode ......cccoceceiviennneneenereiennen 2-103
MTBECB026 ..o IMEG X8  Static column mode .....cccccevveevereerercneneennes 2-115
MTBCI024 ... IMEG X9  Fast page mode.......cccoovvvunniinniiinincnns 2-127
MTBCI025 ....ovveveveecreiecteeeeeeane IMEG X9  Nibble mode ......ccccoevveiecreviecieieeeeeceene. 2-137
MTBCI026 .....couveeveeriiereeceecreeevenn IMEG X9  Static column mode .......ccoceeveevievvrerennnnnne 2-149

MUTIPORT DYNAMIC RAMS (VIDEO RAMYS)

Product SEleCtioN GUIAE ......coueieiiiciiiieecceececeecte et eeee et te e st st et saseebe s et e eess s e sneenneas 3-1
MT42C4064 .....64K X 4 DRAM, 256 X4 SAM oottt v sanaean 3-3
MT42C4256 ...256K X 4 DRAM, 512 X4 SAM oottt ettt s s e ens 3-29




MICRON TABLE OF CONTENTS

STATIC RAMS PAGE
Product SEleCtion GUIAE .......ccuevvieiiirierieiieicieeecee e ettt se et te s e s e b basbe s e e raesaesnesessaessens 4-1
MTBCL608 ..o 2K X 8 ettt 4-3
MTBC1604 ..o AKX A et 4-11
MTBCLO05 ..o seneeeve e AK X4 OF .ttt s 4-19
MTBCL606........ooeeirerecreieeereceee e 4K X4  SI/O,OT ..o 4-27
MT5C1607.............. e nanan 4K X4  SI/O,HZ ..o 4-27
MTBCH4T6 .ot Y S G U< TSR 4-35
MTBCHA08 ..o BK X 8 e e 4-37
MTBCI60T .ot TOK X T st 4-45
MTBECH404 ..o 16K X4 et 4-53
MTBCH405 ..ot 16K X4  OFE..eeeeeeees e 4-61
MTBCH405T ...oovviieverecieeceeeeeeeeeerenas 16K X4 CACHETAG ..o 4-69
MTBCE406 ....eveeveeeeieerecieerereeeiere e 16K X4  SI/O,OT . srsive e 4-77
MTBECH407 ..o 16K X4  SI/O,HZ oo 4-77
MTBEC2568.......ooeviiereereiereiererieveeerens 2K X 8 et 4-85
MTBECH40T ..ot BAK X1 et et 4-93
MTBC2564 ..o BAK X 4 et 4-101
MTB5C2565 ....cccveeveeeeee et 64K X 4 OF oot 4-109
MTBC1008.......oooiiererreerereiereeeeenns T2BK X 8 e 4-117
MTBC256T ... 256K X' T ettt et 4-119
MTBCT005 ....covirerereeeeecreresreeesiesiesnens 256K X 4 ettt 4-127
MT5C100T oo IMEG X1 et ee et 4-129

With Output Enable

............................ Separate Data Inputs and Outputs
............ Outputs Track Inputs During Write

High Impedince Outputs During Write

CACHE DATA STATIC RAMS
Product Selection Guide ..........ccecvevureieieeernerieiesieseiennens ettt e e et e et et e et e reeeee e renreaentans 5-1
MT56C0416 .......coocvvereeennnnene dual4dK X 16/18  ..or..8K X 16/18 ..cooveerirerreereeieeeeas 5-3




MICRON TABLE OF CONTENTS

FIFO MEMORIES (FIRST-IN FIRST-OUT) PAGE
Product SElection GUIAE .........coveeieveeeriirinieitsreit sttt sssss e s s s sss s sess s esessssesessesessssnas 6-1
MT52C8B006 .....coveeerereereereereereeeieene 512X 8 MB, VFE ... 6-3
MT52C9005 ...ccveerreerereereereereeveene 512 X9 E o 6-5
MT52C9006 ......oeeenrerrereereereereevenne 512 X9 MB e 6-7
MT52C007 ..o 512 X9 VU et 6-9
MT52C1605 ..ot 512X 16 E,MB, VF ..., 6-11
MTB52C1607 ..uveeneeereereeveereereeveeeeene 512X 16/8 E,MB, VF. ...t 6-13
MT52C801T ..o, 1K X8 MB,VF ...t 6-15
MT52C010 ..., 1IKX9 E o 6-17
MT52C01T ..o, 1K X9 MB e 6-19
MT52C012 ... 1K X9 VE e e 6-21
MT52C1610 ..., 1K X 16 E,MB, VF ... 6-23
MT52CI612 .., 1IKX16/8 E,MB, VF....ccoeeeeeee e 6-25
MT52C8021 ..ot 2K X 8 MB, VF et 6-27
MT52C9020 ....c.ceeveereerrerreriereeeeeennen 2K X9 o e 6-29
MT5E2C02T ..o 2K X9 MB e e 6-31
MT52C9022.....ccieeiieeeeeeieeeeeenes 2K X9 VEF et 6-33
MT52C1620 ..., 2K X 16 E,MB, VF ...t 6-35
MT5B2C1622 ..o, 2K X16/8 E,MB,VF....eeeeeeerecee e 6-37
MT52C8041 ..o, 4K X8 E,MB, VF...eeeeeeeeeveeeeeeen, 6-39
MT5B2C9040 .....cceeerrereierrerererereeenees 4K X9 E e 6-41
MT52C9041 ..o, 4K X9 MB e 6-43
MTB2C9042 ..ot 4K X9 VE ettt 6-45
E With Expansion Logic
MB With Mailbox Register Logic
VF With Variable Flag Logic

MILITARY PRODUCTS
COIMIMEIES ... evereirestenteeteeeetee e e eet e s et et e te e e seee st e sessesseasaessasaasaassesnansssaesessessesesntessessessassessessnenes 7-1
Product SEleCtion GUIAE .......cecveeieecieieieirtestee ettt et etseaesste e resse e st et asse e e st esasbaseesensensasenes 7-3
DRAM
MT4264 ..o 64K X 1 M, SMD ... 7-5
MTA067 ...ttt 64K X4 M, SMD.....cirieeeneeeeeee st 7-17
MTI259...eeeeeeeeeeeeeee et 256K X 1 M, SMD, JAN ..ot e 7-29
MTACA256 ......coeeeeeveeeereeceeeecresreeeeeneenes 256K X 4 M, SMD, JAN ...ttt 7-41
MT4C1024 ... IMEG X1 M,SMD, JAN ..ccooiririeeeciereerreseesenens 7-53




MICRON TABLE OF CONTENTS

MILITARY PRODUCTS (Continued) PAGE
VRAM
MT42C4064 ... 64K X4 M, SMDu....viiiiiiciiiinnnns 7-65
SRAM
MTSECL608 ...t 2KX8  M,SMD....ircnrnii s 7-95
MTBECEH408 ...t 8KX8 M,SMD,JAN ..o 7-103
MTSECIL60T ... 16K X1 M,SMD, JAN ..ccoenniicnnas 7-111
MTECEH404 ..., 16K X4 M,SMD, JAN ...cccoriictceccenne, 7-119
MTBC2568 ... 32K X8 M,SMD, JAN, R+, VHSIC .........ccccuuuue. 7-127
MT5CH401 ..., 64K XT Mot 7-135
MTBC2564 ..o 64K X4 M, SMD, JAN, R+, VHSIC ........cccvueneee. 7-143
MTBEC2561 ..., 256K X1 M, SMD, JAN ..o 7-151
M MIL-STD 883
1577 | D J DESC Standardized Military Drawing
JAN QPL 1 Listing
Rt ceseveiennstninsnnnane Rad-tolerant (available mid 1989)
VHSIC ...cnonieennnn Very High Speed Integrated Circuit
(available 4th Quarter 1989)
PACKAGE INFORMATION
IIUAEX et bbb 8-1
SALES INFORMATION
Product NUmbering SYStem ... senes 9-1
Sales Representatives and
Distributers by geographical I0Cation ..........cc.ccveuiveieiiiiiiiii s 9-3

vi



MICRON TABLE OF CONTENTS

NUMERICAL INDEX PAGE

Part #
T259 e DRAM ettt 1-23
1259 883C ...ttt DRAM et 7-29
BOOT .ottt DRAM ettt e 1-13
4067 883C ...t DRAM ettt 7-17
4264 ... e DRAM e e 1-3
4264 883C ..o DRAM ettt et e 7-5
ACT004 ...t DRAM et 1-117
ACTO05 ottt DRAM ettt e 1-129
BCTO006 ...ttt DRAM ettt 1-141
ACT024 . DRAM et 1-57
4C1024 883C ...t DRAM et 7-53
BCTL025 et DRAM et s 1-69
ACT026 ettt enneens DRAM et 1-81
4CA00T ettt re s DRAM et 1-93
4C4003 ...t DRAM ettt e 1-105
QCA2BO ..ot DRAM et et 1-33
4C4256 883C ..o DRAM et 7-41
QCA2D8 ... ens DRAM ettt 1-45
42CA064 ..o VRAM ettt s te e e s evt e nnenes 3-3
42C4064 883C .....overeeeeeeeeeeeeeveereereeieane VRAM ettt s 7-65
42CA2B6 vt ennes VRAM et 3-29
SCI00T it SRAM ettt e e 4-129
SCTO05 ..ttt ereerees SRAM et 4-127
SCT008 ...ttt SRAM e s 4-125
BCLO0T ..ot SRAM e s 4-45
5C1601 883C ......ooceeeiereeieeeeeeere e SRAM e st ane e 7-111
BCTO04 ...t SRAM et e 4-11
BCLO05 ....... oottt SRAM ettt n 4-19
SCLO06 ....oeenreereereerreereereereeeer e eereereeneees SRAM et 4-27
SCLO07 ettt ere e SRAM e 4-27
SCLO08 .....ooeeeerereereereereeee e eteeee e eees SRAM et e ae s 4-3
5C1608 883C ......veereereereereeeeeeresveeeenes SRAM et 7-95
BC2561 ...t SRAM et 4-117
5C2561 883C .....eveereereerecrereeereereereeeeeeneee SRAM et 7-151
BC2564 ....ooeeeeeeeeeceeccteeeteeereeeteeesee e aeeanee SRAM ettt nes 4-101
5C2564 883C ......ooervvreenreererrenreerenrreeerenes SRAM et 7-143
BC2565 ....oveeeeeeetreereecrieeereeseeesresssreesenesanne SRAM e 4-109
BC2568 ..ottt SRAM e 4-93

vii



MICRON TABLE OF CONTENTS

NUMERICAL INDEX (Continued)

Part #

5C2568 883C ....oooveeeeeveeneeerecereeeeieevee s SRAM
5COHA0T .ot SRAM
5C6401 883C ....oooveeveieeresieeeiecieeeeeveeeieens SRAM
BCOHADS ... SRAM
5C6404 883C .....oovveveereereeeereeeeee e SRAM
SCOHA0D ...ttt SRAM
SCOHA05T ... SRAM
BCOHA0O ...ttt SRAM
BCO407 e SRAM
BCOHA08 ...t SRAM
5C6408 883C ....oooveeeveeeerreereceieeeceeereeeeens SRAM
BCOATO ..ot eaeens SRAM
B2CTO05 ...ttt FIFO
B52CTO07 et FIFO
B2CTO10 et FIFO
B2CTO12 ettt FIFO
B2CTO20 ..ttt FIFO
B2CT022 .ot FIFO
B52C8B006 .....c.eeeeeeeeeeee et FIFO
B2C8B0TT cuveeetieieeeecee et FIFO
B52C802T ettt FIFO
B52C8B04T .ottt FIFO
B52C9005 .....uvicriereereereereecreeeeere e eve e FIFO
B52C9006 ......uiceiereerecreeteecreereee e FIFO
52C9007 ..oeeeeereeteeeeeeereeceeee e FIFO
52C90T0 it FIFO
B52C90TT et FIFO
B2C9012 et FIFO
52C9020 ....cceereereeieereeeeereee et FIFO
B2C902T ..ttt FIFO
52C9022 ..ot FIFO
52C9040 ...t FIFO
52C04T ..ot FIFO
B2CO042 ...t FIFO
56C0416 ..occveeeereeeeereeeeeeeeenn CACHE SRAM
8068 ... DRAM MODULE
8259 .. DRAM MODULE
8259 .. DRAM MODULE

viii



MICRON TABLE OF CONTENTS

NUMERICAL INDEX (Continued) PAGE

Part #
85259 .. DRAM MODULE e 2-33
8C3656 ...eeeveeeeeeieeeeeeeenn DRAM MODULE e 2-83
8CB024 ..., DRAM MODULE e eaee e e 2-93
8CB025 ..., DRAM MODULE e eeeae e 2-103
8CB026 ... DRAM MODULE ettt ee e eeeene e 2-115
8C024 ... DRAM MODULE oo 2-127
8CI025 ... DRAM MODULE e 2-137
8C9026 ..., DRAM MODULE et 2-149
9068 ..o DRAM MODULE et 2-13
9259 e DRAM MODULE e 2-63
9259 .., DRAM MODULE et eaeesae e 2-73







MICRON SECTION GUIDE

DYNAMIC RAMS........coi it s s s e

DYNAMIC BAM MODULES i i iiirenn o
MULTIPORT DYNAMIC BAMs (VRAMS) .
STATIC HAMs ..

CACHE DATARAMs ... ...

FIFOMEMORIES ... iioimncinnireno s ssrasssnsnis s sncmanns

MILITARY PRODUCTS i

PACKAGE INFORMATION ...

SALES INFORMATION ..o







l DRAM

DRAM PRODUCT SELECTION GUIDE

Memory Optional Power Dissipation Package and Number of Pins Process
Configuration | Access Cycle Part Number Access Time (ns) Standby Active PDIP | PLCC | ZIP SOJ | CDIP | CLCC [Flat Pack |Process | Page
64K x 1 | Page Mode MT4264 100,120,150,200 15mw 75mw 16 - - 16 18 16 |[NMOS|{1-3
64K x 4 | Page Mode MT4067 80,100,120,150 15mw 150mw 18 18 | 20 18 18 16 |NMOS|1-13
256K x 1 | Page Mode MT1259 80,100,120,150 15mw 150mw 16 18 16 - 16 18 16 |NMOS|1-23
256K x 4 | Fast Page Mode MT4C4256 80,100,120,150 5mw 175mw 20 20 | 20 | 20 - 20 |CMOS|1-33
256K x 4 | Static Column MT4C4258 80,100,120,150 5mw 175mw 20 - 20 | 20 | 20 - 20 |CMOS|1-45
1 Meg x 1 | Fast Page Mode MT4C1024 80,100,120,150 5mw 175mw 18 20 [ 2 18 18 |CMOS|1-57
1 Meg x 1 | Nibble Mode MT4C1025 80,100,120,150 Smw 175mw 18 20 | 20 | 18 18 |CMOS|1-69
1 Meg x 1 | Static Column MT4C1026 80,100,120,150 5mw 175mw 18 2 | 2 | 18 18 |CMOS|1-81
1 Meg x 4 | Fast Page Mode MT4C4001 80,100,120 5mw 175mw 20 20 | 20 - |CMOS|1-93
1 Meg x 4 | Static Column MT4C4003 80,100,120 5mw 175mw 20 - 20 | 20 CMOS|1-105
4 Meg x 1 | Fast Page Mode MT4C1004 80,100,120 5mw 175mw 18 20 | 18 CMOS|1-117
4 Meg x 1 | Nibble Mode MT4C1005 80,100,120 5mw 175mw 18 20 | 18 - |CMOS|1-129
4 Meg x 1 | Static Column MT4C1006 80,100,120 5mw 175mw 18 20 | 18 CMOS|1-141
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MICRON MT4264

DRAM

64K x 1 DRAM

PAGE MODE

FEATURES

Industry standard pin-out, funtions, timing
Single +5V £10% power supply

Low power, 15mW standby, 75mW active, typical
Common 1/0 using EARLY-WRITE

Dour held indefinitely by CAS

256 cycle refresh in 4ms

Fully compatible with MT1259 (256K)

Optional Page Mode

® & o o o o o o

OPTIONS MARKING
* Timing
100ns access -10
120ns access -12
150ns access -15
200ns access -20
¢ Packages:
Plastic DIP None
Ceramic DIP C
GENERAL DESCRIPTION

The MT4264 is a randomly accessed solid-state memory
containing 65,536 bits organized in a x1 configuration.
During READ or WRITE cycles each bit is uniquely ad-
dressed through the 16 address bits which are entered 8
bits (A0-A7) at a time. RAS is used to latch the first 8 bits
and CAS the latter 8 bits. A READ or WRITE cycle is
selected with the WE input. A logic high on WE dictates
READ mode while a logic low on WE dictates WRITE
mode. During a WRITE cycle data in (D1n) is latched by the
falling edge of WE or CAS, whichever occurs last. If WE
goes low prior to CAS going low, the output pin(s) remain
open (High Z) until the next CAS cycle. If WE goes low
after data reaches the output pin(s), Dour is activated and
retains the selected cell data as long as CAS remains low
(regardless of WE or RAS). This late WE pulse results in a
READ-WRITE cycle.

PIN ASSIGNMENT (Top View)

MT4264 16 Pin DIP

NC [[1e ~16[]Vss
on{]2 15gm
WE[]3 14[JDour

RAS[{4 13[]A6

A0[]5  12[JA3

A2(]6 1] A4
Ald7  10[JA5

vee[]8 9[]A7

PA, CA

Returning RAS and CAS high terminates a memory
cycle and decreases chip current to a reduced standby
level. Also, the chip is preconditioned for the next cycle
during the RAS high time. Memory cell data is retained in
its correct state by maintaining power and executing any
RAS cycle (READ, WRITE, RAS only or Hidden refresh) so
that all 256 combinations of RAS addresses (A0-A7) are
executed at least every 4ms, regardless of sequence.

PAGE MODE operations allows faster data operations
(READ, WRITE or READ-MODIFY-WRITE) within a row
address (A0 -A7) defined page boundary. The PAGEMODE
cycle is always initiated with a row address strobed in by
RAS followed by a column address strobed in by CAS. By
holding RAS low, CAS may be toggled strobing in differ-
ent column addresses executing faster memory cycles.
Returning RAS high terminates the PAGEMODE operation.

MT4264
REV. 10/88
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MICRON MT4264

FUNCTIONAL BLOCK DIAGRAM
PAGE MODE
WRITE b
_° : ) DATAIN  [+——oDy
CAS o0 BUFFER
ORRERATOR e L pATAOUT  [°Dour
BUFFER
bt =T
__7:> ADDRESS 7 COLUMN
BUFFER DELODER
2? ] REFRESH * [ T
A CONTROLLER SENSE AMPLIFIERS
A 2 0— 1/0 GATING
F I e N X S
Ay o—
As o—rf
INE |
A7 o— gl
- =8| ¢ MEMORY
ROW 2 Q| =6 ARRAY
ADDRESS Q|
7 Dl BUFFERS 7 > ol PRIN
w. g | p—
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE NOTES
tR tC
Standby H H H X X High Impedance
READ L L H ROW | COL | Data Out
WRITE L L L ROW | COL | DatalIn
(EARLY-WRITE) ‘
READ-WRITE L L H—L—H| ROW | COL | Valid Data Out,
Valid Data in
PAGE-MODE L H—-L—H H ROW | COL | Valid Data Out,
READ Valid Data Out
PAGE-MODE L H-L—H L ROW | COL | Valid Data In,
WRITE Valid Data In
PAGE-MODE L H—-L—H| H—=L—H| ROW | COL | Valid Data Out,
READ-WRITE Valid Data In
RAS ONLY L H H ROW | n/a | High Impedance
REFRESH
HIDDEN L—H-L L H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H-L L H X X High Impedance
RAS REFRESH




MICRON MT4264

ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under “Absolute Maxi-
Voltage on Vcc supply relative to Vss..... -1.0V to +7.0V mum Ratings” may cause permanent damage to the de-
Operating Temperature, TA(Ambient)........... 0°C to +70°C vice. This is a stress rating only and functional operation of
Storage Temperature (Ceramic) ................ -65°C to +150°C the device at these or any other conditions above those
Storage Temperature (Plastic) .. ..-55°C to +150°C indicated in the operational sections of this specification is
Power DiSSIPAtion ..........overeecueuniinecriverinrenceneneesenneene 1 Watt not implied. Exposure to absolute maximum rating condi-

Short Circuit Output Current .......c..ooeeeevevcerrninnes 50mA tions for extended periods may affect reliability.

DC ELECTRICAL CHARACTERISTICS
(0°C < T, <70°) (Voo = 5.0V + 10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
STANDBY CURRENT lcct 4 mA
(RAS = CAS = ViH
after 8 RAS cycles)

OPERATING CURRENT lcc2 30 mA 2
(RAS and CAS Cycling)

RAS ONLY REFRESH CURRENT lces 20 mA 2
(CAS = ViH)

PAGE MODE CURRENT lcca 30 mA 2

(RAS = Vi, CAS = Cycling)

INPUT LEAKAGE
Input leakage current, any input (OV < Vin < Vcc), I -10 10 uA
all other pins not under test = 0 volts)

OUTPUT LEAKAGE

Output leakage current (Dourt is disabled, loz -10 10 uA

0V < Vourt £ Vcee)

OUTPUT LEVELS

Output High (Logic 1) voltage (louT = -5mA) VoH 2.4 \" 1
Output Low (logic 0) voltage (lout = 5mA) VoL 0.4 \'

RECOMMENDED DC OPERATING CONDITIONS
(0°C <T, <707

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 45 5.5 \' 1
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcec+t \ 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \ 1
CAPACITANCE

PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-A7), DiN Cn 5 pF 18
Input Capacitance RAS, CAS, WE Ci 8 pF 18
Output Capacitance Dout Co 8 pF 18
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 3, 4, 5, 10, 11, 17, 18) (0°C < T, < 70°C) (Voo = 5.0V +10%)

A.C. CHARACTERISTICS -10 -12 -15 -20

PARAMETER SYM MIN | MAX | MIN MAX MIN MAX MIN MAX | UNITS | NOTES
Random READ or WRITE cycle time 'Rc 195 230 260 330 ns 6,7
READ-MODIFY-WRITE cycle time Rwec 220 255 295 370 ns
PAGE-MODE cycle time pC 90 100 120 170 ns | 6,7
Access time from RAS 'RAC 100 120 150 200 ns 7,8
Access time from CAS 'cac 50 60 75 120 | ns | 7,9
RAS pulse width 'RAS 100 {10,000 | 120 [10,000| 150 [10,000 | 200 (10,000| ns

RAS hold time 'RSH 50 60 75 100 ns

RAS precharge time 'RP 80 [20,000| 90 20,000 | 100 (20,000 | 120 |20,000 ns

‘CAS pulse width 'cas 50 [10,000]| 60 10,000 75 (10,000 | 120 [10,000]| ns

CAS hold time 'csH 100 120 150 200 ns

CAS precharge time 'cPN 25 25 30 35 ns 19
TAS precharge time (PAGE-MODE) ‘cp 30 30 35 40 ns

RAS to CAS delay time 'RcD 25 50 25 60 25 75 30 80 ns 13
Row address set-up time 'ASR 0 0 0 0 ns

Row address hold time 'RAH 15 15 20 25 ns

Column address set-up time ‘asc 0 0 0 0 ns

Column address hold time ‘cAH 20 20 25 50 ns

Column address hold time ‘AR 70 80 100 130 ns
referenced to RAS

READ command set-up time 'Rcs 0 0 0 0 ns

READ command hold time TacH 0 0 0 0 ns 14
referenced to CAS

READ command hold time 'RRH 0 0 0 0 ns
referenced to RAS

Output buffer turn-off delay 'OFF 0 30 0 30 0 35 0 40 ns 12
WE command set-up time ‘wcs 0 0 0 0 ns 16
WRITE command hold time 'WCH 35 40 45 60 ns

WRITE command hold time 'WCR | 85 100 120 140 ns
referenced to RAS

WRITE command pulse width 'wp 35 40 45 50 ns

WRITE command to RAS lead time 'RWL 35 40 45 55 ns

WRITE command to CAS lead time fowL 35 40 45 55 ns

Data-in set-up time ps 0 0 0] [o] ns 15
Data-in hold time DH 35 40 45 55 ns 15
Data-in hold time 'DHR 85 100 120 135 ns
referenced to RAS

CAS to WE delay ‘cwp | 40 50 60 100 ns 16
RAS to WE delay ‘RWD 90 110 135 180 ns 16
Transition time (rise or fall) T 3 100 3 100 3 100 3 100 ns 5,17
Refresh Period (256 cycles) REF 4 4 4 4 ms

CAS to RAS set-up time 'cRP 10 15 20 20 ns

1-6
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NOTES

1.
2.

3.

10.
11.

12.

All voltages referenced to Vss.

Icc is dependent on output loading and cycle rates.
Specified values are obtained the output open.

An initial pause of 100yus is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 8ms refresh require-
ment is exceeded.

AC characteristics assume 'T = 5ns.

Vid min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and ViL (or between ViL
and Vin).

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.
Measured with a load equivalent to 2 TTL gates and
100pF.

Assumes that 'RCD < 'RCD (max). If 'RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

Assumes that ‘RCD 2 ‘RCD (max).

pulsed high for 'CPN.

If CAS = ViH, data output is high impedance.

If CAS = V1L, data output may contain data from the
last valid READ cycle.

'OFF (mnax) defines the time at which the output
achieves the open circuit condition and is not
referenced to VoH ot VoL.

13.

14.

15.

16.

17.

18.

19.

Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference fpoint only; if 'RCD is greater than the
specified "RCD (max) limit, then access time is con-
trolled exclusively by '‘CAC.

'RCH is referenced to the first rising edge of RAS or
CAS.

These parameters are referenced to CAS leading
edge in early WRITE cycles and WE leading edge in
late WRITE or READ-WRITE cycles.

'WCS, '/RWD and ‘CWD are restrictive operating
parameters in late READ-WRITE and READ-
MODIFY-WRITE cycles only. If 'WCS > 'WCS (min)
the cycle is an EARLY-WRITE cycle and the data
output will remain an open circuit throughout the
entire cycle. If 'CWD > 'CWD (min) and 'RWD >
'RWD (min) the cycle is a READ-WRITE and the data
output will contain data read from the selected cell. If
neither of the above conditions are met the state of
data out (at access time and until CAS goes back to
Vin) is indeterminate.

In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vix and
VIL (or between ViL and ViH) in a monotonic manner.
This parameter is sampled. Capacitance is calculated
from the equation C = JAt with AV =3V and Vcc =
5V. AV

If CAS is low at the falling edge of RAS, Dout will
be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be

wvya i
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ADDR

Dout

ADDR

DiN

Doyt

READ CYCLE
ar -] tes 1
V terp trReD tcas
we N 'y
x:r K ROW :mr COLUMN J’W / M ROW
tres tRCH
e /. W t ‘ L,
EARLY-WRITE CYCLE
Y .
w e N
W A L /), ST W////l// JITIITIX Row
v IWW/Z/{// TS — T
w . e o X

DON'T CARE
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READ-WRITE CYCLE
READ-MODIFY-WRITE CYCLE I
t
(::4;3 trp U
s i | — P
CSH
tRSH
l|= tcrp trco tcas g
w W/ R /
AR
tAsR tRAH tasc tcaH
S S K/ G /I L
RWD cwl
tres tcwn tRwL
twp
=\ T LV
DS DH
o v T I SESEES
's:g torr
Dout xg[‘: OPEN 2 VALID DATA J— opPeN—
PAGE-MODE READ CYCLE
trAS trp
ms i | J L
‘szH tRSH
tcrp trcD tcas tee tcas . tep teas teen
Vi - —
CAS vy —_/F . \ A \ i
AR
tasr || tRAH tasc tcaH tasc tcaH tasc tcaH
ADODR x:{* R Row ] COLUMN ,M/ mLCOLUMN ) //bii COLUMN )}@7‘ ;>< ROW
thes tres L- tres |-~ chrTl tRRH
I———‘ treH —1 t- Al tReH 1 I—— <|
w T w ¢
tcac tcac tcac
tRAC
oour V3 {52 R (R )——oren

DON'T CARE
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ADDR

O

PAGE-MODE EARLY-WRITE CYCLE

tras trp
e Fk / \
t
'S:H tRSH
L tere treD tcas I tep tcas o tep tcas teen
e ) ZL i ZL A / }L L
t
tasr || tRAH t/::c tcan tasc || tcaH tasc || tcaH
x:[‘: L ROW 3 [ couMn EWM f coLumn ] coLumn 1 /@( ROW
tow | towe | towe |
twes tweH twes || twen twes || tweH o
twp twp twp
we T t W /111
- o
tos toH tos toH tos toH
x:s ://////////// // / m VALID DATA ;m{ VALID DATA }@g( VALID DATA 35@ / // ///// /
RAS ONLY REFRESH CYCLE
(ADDR = A0 - A7)
tre
trAS L trp
RES M~ t i _
CRP
CAS Viy - ¥
VIL tAsR tRAH

ViH =

ADDR 1

VoH -

ROW

ROW

Dout VoL =

OPEN

DON'T CARE
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ORDER INFORMATION
64K x 1, 150ns in Ceramic DIP

PRODUCT #
l

PACKAGE || SPEED

____LL_L 4
MT4264 C -15

The Micron MT4264 is functionally equivalent to other
manufacturers’ product meeting JEDEC standards. It is
manufactured and quality controlled in Micron’s modern
Boise, Idaho USA facility using the NMOS double-poly

process. Micron’s QUALITY ASSURED policy is to offer
prompt, accurate and courteous service while assuring
reliability and quality. Functionality is consistently as-
sured over a wider power supply range, temperature and
refresh than specified. Each unit receives accelerated burn-
in and several hours of AMBYX™ system level testing
prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.

TM Trademark of Micron Technology. inc.

nvyda |
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MT4067

DRAM

64K x 4 DRAM

FEATURES

¢ Industry standard pin-out, timing, functions

¢ All inputs, outputs, and clocks are fully TTL
compatible

* Single +5V+10% power supply

* Low power, 15mW standby, 150mW active, typical

¢ Refresh modes: RAS only, CAS before RAS, and
Hidden

® 256 cycle refresh in 4ms

¢ Optional Page Mode access cycle

OPTIONS MARKING
¢ Timing
80ns access -8
100ns access -10
120ns access -12
150ns access -15
® Packages:
Plastic DIP None
Ceramic DIP C
Plastic ZIP Z
Plastic PLCC EJ
¢ Temperature
0°C<T AS 70°C None
-55°C < TA <110°C XT
GENERAL DESCRIPTION

The MT4067 is randomly accessed solid-state memory
containing 262,144 bits organized in a x4 configuration. The
16 address bits are entered 8 bits at a time using RAS to latch
the first 8 bits and CAS the latter 8 bits. If the WE pin goes
low prior to CAS going low, the output pin remains open
until the next CAS cycle. If WE goes low after Data reaches
the output pin, the output pin is activated and retains the
selected cell data as long as CAS remains low (regardless of
WE or RAS). This late WE pulse results in a READ-
MODIFY-WRITE cycle. Data-inislatched when WE strobes
low.

By holding RAS low, CAS may be toggled to execute

PIN ASSIGNMENT (Top View)
MT4067 18 Pin DIP
OF [J1e ~18[vss
pai(f2  17[J0Q4
0Q2[]3 ~ 16[JCAS
WE[]4 15[]DQ3
RAS[]5 14[JA0
A6[le  13[A1 PB, CB
A5[7 120A2
A48 11[JA3
vee[]9  10[JA7
MT4067 18 Pin PLCC
— nY
Oll.u ng
Qo >a
~RD
DQ2 3 16 TAS
WE 4 15 DQ3
RAS 5 14 AO
A6 6 13 Al
A5 7 12 A2
EJA
WO
+8rm
<> a4

several faster READ, WRITE, READ-WRITE or READ-
MODIFY-WRITE cycles within the RAS address defined
PAGE boundary. Returning RAS high terminates the
memory cycle and decreases chip current to a reduced
standby level. Also the chip is preconditioned for the next
cycle during the RAS high-time. Memory cell data is
retained in its correct state by maintaining power and
executing a RAS (Refresh) cycle so that all 256 combinations
of RASaddresses are executed atleast every 4 msec (regard-
less of sequence). Micron recommends evenly spaced re-
fresh cycles for maximum data integrity.

I
O
X
>
=
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FUNCTIONAL BLOCK DIAGRAM

___ PAGE MODE
aTe °——_:|:} DATA IN o
CAS g BUFFER 0 1102
NO. 2 CLOCK [ o /03
GENERATOR | DATA OUT o /0 4
5 . BUFFER
—otomn h--esexa-3f I——°0_E
8 ADDRESS 8 > COLUMN
A 7 BUFFER DELODER
0 o—|
2; ] REFRESH [*
A CONTROLLER SENSE AMPLIFIERS
3 o—A| 1/0 GATING
A4 o, v
As o—f REFRESH
26 o— COUNTER
7 O— | —>
A ds L c [T
* : 28 MEMORY
L ROW 8 8 256 ARRAY
ADDRESS il I
\_j‘> BUFFERS (8) 8 > ol i
RS NO. 1 CLOCK ‘J [ — oV
GENERATOR o Ves
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE OE tR tC NOTES
Standby H H H H X X High Impedance
READ L L H L ROW | COL | Data Out
WRITE L L L H ROW | COL | DataIn
(EARLY-WRITE)
READ-WRITE L L H—-L—H| L—H ROW | COL | Valid Data Out,
Valid Data In
PAGE-MODE L H—L—H H L ROW | COL | Valid Data Out,
READ Valid Data Out
PAGE-MODE L H—L—H L H ROW | COL | Valid Data In,
WRITE Valid Data In
PAGE-MODE L H—L—H| H=L—H| L-H ROW | COL | Valid Data Out,
READ-WRITE Valid Data In
RAS ONLY L H H H ROW | n/a | High Impedance
REFRESH
HIDDEN L—=H-L L H H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H—L L H H X X High Impedance
RAS REFRESH
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss........ -1.0V to +7.0V
Operating Temperature, Ta(Ambient) .......... 0°C to +70°C

Storage Temperature (Ceramic) ................ -65°C to +150°C
Storage Temperature (Plastic) .................. -55°C to +150°C
Power Dissipation ..., 1 Watt
Short Circuit Output Current ...........cccocvevvivcrevcinnnns 50mA

*Stresses greater than those listed under “Absolute Maxi-

mum Ratings” may cause permanent damage to the de-

vice. This is a stress rating only and functional operation of -
the device at these or any other conditions above those
indicated in the operational sections of this specification is U
not implied. Exposure to absolute maximum rating condi- m
tions for extended periods may affect reliability. >

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C < T, <70°C) (Voo = 5.0V +10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \"

Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+1 \" 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \ 1

INPUT LEAKAGE
Input leakage current, any input (OV < Vin < Vco),
all other pins not under test = 0 volts

I 10 | 10 | pA

OUTPUT LEAKAGE

Output leakage current (Dourt is disabled, loz -10 10 A
0V < Vour < Vee)
OUTPUT LEVELS
Output High (Logic 1) voltage (lout = -5mA) VoH 2.4 \ 1
Output Low (Logic 0) voltage (lout = 5mA) VoL 0.4 V
(Notes: 1,2,3,4,6) (0°C < T, £70°C) (Vee = 5.0V £10%) MAX

PARAMETER/CONDITION

SYMBOL| -8 |-10{-12|-15 [UNITS | NOTES

STANDBY CURRENT: TTL input levels
(RAS = CAS = Vin after 8 RAS cycles)

lcc1 51555 )| mA

OPERATING CURRENT
(RAS and TAS = Cycling: trc = tRG(MIN))

lccc |65 (55 |55|45| mA 2

OPERATING CURRENT: PAGE MODE
(RAS = Vi, CAS = Cycling: trc = tPc(MIN))

lcca |65 (55 (55|45 | mA 2

REFRESH CURRENT: RAS ONLY
(RAS = Cycling: CAS = ViH: trc = tRC(MIN))

icca |55 (40 (40|35 ( mA 2

REFRESH CURRENT: CAS-before-RAS
(RAS and CAS = cycling, trc = tRc(MIN))

lccs (65|55 (55|45 | mA | 222

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-As), Din Ci 5 pF 18
Input Capacitance RAS, CAS, WE, OE Ci2 8 pF 18
Output Capacitance Dout’ Co 7 pF 18
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 3, 4, 5, 10, 11, 17, 18) (0°C < T, < 70°C) (Voo = 5.0V £10%)

A.C. CHARACTERISTICS -8 -10 -12 -15
PARAMETER SYM MIN | MAX | MIN MAX MIN MAX MIN MAX | UNITS | NOTES
Random READ or WRITE cycle time 'RC 150 190 220 260 ns 6,7
READ-MODIFY-WRITE cycle time 'RwC 200 250 295 345 ns
PAGE-MODE cycle time 'pc 75 90 100 120 ns | 6,7
Access time from RAS 'RAC 80 100 120 150 ns 7,8
Access time from CAS 'cAC 40 50 60 75 ns 7.9
Output Enable 'O 25 25 30 40 ns
RAS pulse width 'RAS 80 (10,000 100 ({10,000 120 {10,000 150 110,000 ns
RAS hold time 'RSH 40 50 60 75 ns
RAS precharge time 'RP 60 80 90 100 ns
CAS pulse width 'cAS 40 110,000] 50 10,000{ 60 (10,000] 75 [10,000] ns
TAS hold time ‘csH 80 100 120 150 ns
TAS precharge time 'cPN 20 25 25 30 ns 19
TAS precharge time (PAGE-MODE) ‘cp 25 30 30 35 ns
RAS to TAS delay time ‘RCD 2 | 40 | 25 50 25 60 25 75 ns 13
TAS to RAS set-up time 'cRP 10 15 20 20 ns
Row address set-up time ‘ASR 0 0 0 0 ns
Row address hold time 'RAH 15 15 15 15 ns
Column address set-up time tasc 0 0 0 0 ns
Column address hold time 'CAH 15 20 20 25 ns
Column address hold time ‘AR 50 70 80 100 ns
referenced to RAS
READ command set-up time 'RCS 0 0 0 0 ns
READ command hold time tF%CH 0 0 0 0 ns 14
referenced to CAS
READ command hold time 'RRH 0 0 0 0 ns
referenced to RAS
| Output buffer turn-off delay YOFF Q 25 o] 30 0 30 0 35 ns 12
Output Disable ‘ob 25 30 30 35 ns
WE command set-up time ‘wes 0 0 0 0 ns 16
WRITE command hold time ‘weH 15 35 40 45 ns
WRITE command hold time 'WCR 35 85 100 120 ns
referenced to RAS
WRITE command pulse width W 15 35 40 45 ns
WRITE command to RAS lead time 'RWL 35 35 40 45 ns
WRITE command to CAS lead time towL 35 35 40 45 ns
Data-in set-up time 'ps 0 0 0 0 ns 15
Data-in hold time 'DH 15 35 40 45 ns 15
Data-in hold time 'DHR 35 60 65 70 ns
referenced to RAS
CAS to WE delay ‘cwbD 50 70 90 110 ns 16
RAS to WE delay_ 'RwWD 90 120 150 185 ns 16
Transition time (rise or fall) 7 3 100 3 100 3 100 3 100 ns 517
Refresh Period (256 cycles) 'REF 4 4 4 4 ms 22
TAS hold time 'CHR 15 20 25 30 ns 21
(CAS-before-RAS refresh)
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NOTES

1.
2.

9.

10.
11.
12.

13.

14.

All voltages referenced to Vss.

Icc is dependent on output loading and cycle rates.
Specified values are obtained with minimum cycle
time and the output open.

An initial pause of 100ys is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 4ms refresh require-
ment is exceeded.

AC characteristics assume ‘T = 5ns.

Vi min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and ViL.

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.
Measured with a load equivalent to 2 TTL gates and
100pF.

Assumes that 'RCD < 'RCD (max). If ‘RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

Assumes that 'RCD 2 'RCD (max).

If CAS = Vi, data output is high impedance.

If CAS = V1L, data output may contain data from the
last valid READ cycle.

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Vo or VoLr.

Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference tpoint only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by ‘CAC.

'RCH is referenced to the first rising edge of RAS or
CAS.

15. These parameters are referenced to CAS leading
edge in early WRITE cycles and to the WE leading
edge in late WRITE or READ-MODIFY-WRITE
cycles.

'WCS, 'CWD and 'RWD are restrictive operating
parameters in READ-WRITE and READ-MODIFY-

16.

WRITE cycles only. If 'WCS = 'WCS (min) the cycle is

an EARLY-WRITE cycle and the data output will

remain an open circuit throughout the entire cycle. If

'CWD 2 'CWD (min) and ‘RWD > ‘RWD (min) the
cycle is a READ-WRITE and the data output will

contain data read from the selected cell. If neither of
the above conditions are met the state of data out (at

access time and until CAS goes back to ViH) is inde
terminate.

In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vin and

17.

ViL (or between ViL and ViH) in a monotonic manner.

18. Capacitance calculated from the equation C = JAt
AV

with AV =3V and Vcc = 5V. This parameter is

sampled.

If CAS is low at the falling edge of RAS, DouT will

be maintained from the previous cycle. To initiate a

19.

new cycle and clear the data out buffer CAS must be

pulsed high for ‘CP. Note 8 applies to determine
valid data out.

20. During a READ cycle if OF is low then taken high

(Vir) Dout goes open. If OF is tied permanently low

a READ-MODIFY-WRITE operation is not possible.
On-chip refresh and address counters are enabled.
A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW and OE =
HIGH.

21.
22.

wvua §
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READ CYCLE

tre
trAs trp

Wvda l
z

ik -
tesH
tRSH tRRH
terp trRCD tcas
Vi = Y Y
TAS vy -/ . \ X L/
AR
tAsR tRAH tasc tcaH

W ﬁ( W
W COLUMN ROW
ADDR Vil -~ L RO' | 0l ]

trcs tRCH
o i R/

tcac toFF
trRAC
VioH - %
I0H 7
Do v = OPEN JVALID OUTPUT DATAf————— OPEN
. ‘toe top

v [
® - i /

EARLY-WRITE CYCLE
trRc
tras o trP
V. h 2!( ?
ViL - \‘k 7
tesH
tRSH
tcrp trcD tcas
ViH = f h
eas Vi f_________Jz \ \5 [
tAR
tAsR tRAH tasc tcaH
W ‘ KX ] Y JIIX
A0OR T i ROW i COLUMN ] ROW
tow |
tRWL B
twer
twes tweH
twp
W /A
wE Vit~ X 7/
L tDHR
' tps tpH
VIoH . 7 3
%0 g = OPEN { VALID INPUT DATA ] OPEN
Vi = HIGH

o DON'T CARE
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ADDR

Do

nvsa |

READ-WRITE CYCLE
READ-MODIFY-WRITE CYCLE
trRwe
tRAS -
g I } N
tesH o
tRsH i
tcre trco tcas
W/ t RN 1
AR
tAsr tRAH tasc tcaH
x:[‘ K ROW W % COLUMN )W// / / / m ROW
tRWD towL
tres tewp tRwL
twp
w I ( A
‘iig tos | toH
x:g’:: OPEN ZSVALID Oour | f vAUD Dy ¥ OPEN

toe

_too

VIH — \
Vi -

\ /

DON'T CARE
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RAS VIH
AS v
v
TAS V:E
v
ADDR V:'L*
ViH
we ViL
VioH —
Do vigL
V
IH
oF ViL
RAS };u—(
IL
cas VH
Vi
ADOR
ViH
W ViL
VioH
Pio vigL
ViH
0e

PAGE-MODE READ CYCLE

tRAS trRp
- X
: N ;q
tesH
tpe tRsH
tcre trep tcas tep tcas tep tcas tepN
—_ R Y s p| 's |
- f R\ N 7 A / ] i
tArR
tasrR || tRAH tasc tcan tasc || tcaH tasc | tcaH
— ¥ p! R p| 'S
=) SIS ), ST ) S ), e 7)o
t tres L— trRes |-— ¢ —-} == tRRH
RCS N ¢ RCH
|~—— RCH —=| "— RCH — I—— )
tcac torF teac toFF, tcac o et
trac
{ VALID _{ VALD ¥ # VALD ¥
- OPEN —X_DATA { DATA # | DATA 7 OPEN
toe too toe top toe top
- /A ) ) ) Vi, -l
trAS 1 trp J
- X
_ N / \
tesH
tpe tRsH
tcre trcD tcas tep tcas \ tep tcas teen
— )[ ; 4
"J \( A K A &t / \
tarR
tasr || tRAH tasc tcan tasc || tcan tasc || tcaH
— r ' L p| \
/), ST /) ST 1))/, ST ) ST U
towe | towl | tow ]
twes twen o twes || tweH o twes || tweH o
twp twp twp
I Wi Y / H
twer tRWL i
tDHR '
tps toH tps toH tos toH
— '
_/ / W // // %f VALID DATA ;m VALID DATA VALID DATA
HIGH

DON'T CARE
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RAS ONLY REFRESH CYCLE
(ADDR = AO - A7; and WE = DON'T CARE.)
trRe
tRAS L trp

VlH M | ‘(—_—)
AS vie - ﬁr —_—
Vig <
TAS 7
ViL -
tAsr tRAH
Vg = \
soor it 771K Row ] JTTTTIIiX

VioH -
P10 g = OPEN

CAS-BEFORE-RAS REFRESH CYCLE
(Ay- A, WE, OE = DON'T CARE.)

" tras L trp ¥
vy ———————
ViL - \ A

tesr tCHR
st T\ 7/

VioH —
Dio vfg,_u OPEN

HIDDEN REFRESH CYCLE
(WE = HIGH)?2

(READ) (REFRESH)
tRAS trp tRAS

v —-—-—1 . N /—-———_
RS - )
tcre trRcD tRSH teHR
J —

tAR
tasrR tRAH tasc tcAH

woor i Z777K v ¥ o XTI J
teac

tRAC

—~ = toFF

VIOH -, Z
%o g = OPEN { VALID DATA J— oPEN —
toe top

= s \ \

/
DON'T CARE

wvua |

1-21



MICRON MT4067

ORDER INFORMATION
64K x 4, 100ns in Plastic PLCC

[ ProDUCT # | | PACKAGE | speep | [ TEmPERATURE |

o

MT4067 EJ -10

WVHa I

The Micron MT4067 is functionally equivalent to other
manufacturers” product meeting JEDEC standards. It is
manufactured and quality controlled in Micron’s modern
Boise, Idaho USA facility using the NMOS double-poly

process. Micron’s QUALITY ASSURED policy is to offer
prompt, accurate and courteous service while assuring
reliability and quality. Functionality is consistently as-
sured over a wider power supply range, temperature and
refresh than specified. Each unit receives accelerated burn-
in and several hours of AMBYX™ system level testing
prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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MICRON

MT1259

DRAM

256K x 1 DRAM

FEATURES

¢ Industry standard pin-out, timing, functions

¢ All inputs, outputs, and clocks are fully TTL
compatible

Single +5V+10% power supply

Low power, 15mW standby, 150mW active, typical

Refresh modes: RAS only, CAS before RAS, and
Hidden

256 cycle refresh in 4ms

Optional Page Mode access cycle

OPTIONS MARKING
¢ Timing
80ns access -8
100ns access -10
120ns access -12
150ns access -15
¢ Packages:
Plastic DIP None
Ceramic DIP C
Plastic ZIP Z
Plastic PLCC EJ
¢ Temperature
0°C<T A <70°C None
-55°C<T AS 110°C XT
GENERAL DESCRIPTION

The MT1259 is randomly accessed solid-state memory
containing 262,144 bits organized in a x1 configuration. The
18 address bits are entered 9 bits ata time using RAStolatch
the first 9 bits and CAS the latter 9 bits. If the WE pin goes
low prior to CAS going low, the output pin remains open
until the next CAS cycle. If WE goes low after Data reaches
the output pin, the output pin is activated and retains the
selected cell data as long as CAS remains low (regardless of
WE or RAS). This late WE pulse results in a READ-
MODIFY-WRITE cycle. Data-inislatched when WE strobes
low.

By holding RAS low, CAS may be toggled to execute

PIN ASSIGNMENT (Top View)
MT1259 16 Pin DIP MT1259 16 Pin ZIP
* N\ AB
AB*[|1e ~16[]Vss i 5 Dout
Tl:z 15[JCAS o 4 Vs
WE[]3  14[JDout - & DN
RAS[j4 13046 y 8 RAS
A0[]5  12[]A3 . 10 A2
A2[]6 11[0A4 " 12 Vee
A7 10[JAS5 y 14 AS
Vee[]8 9[]A7 16 A3
PA, CA
MT1259 18 Pin PLCC
*  pln
Z 00 »n|<
oO<IC>0
N2
[
WE 3 016 Dout
RAS 4 D15 A6
BA  NC s h14 NC
A0 6 D13 A3
A2 7 012 A4
EISYS R
* ADDRESS NOT USED FOR 3 8739
RAS ONLY REFRESH

several faster READ, WRITE, READ-WRITE or READ-
MODIFY-WRITE cycles within the RAS address defined
PAGE boundary. Returning RAS high terminates the
memory cycle and decreases chip current to a reduced
standby level. Also the chip is preconditioned for the next
cycle during the RAS high-time. Memory cell data is
retained in its correct state by maintaining power and
executing a RAS (Refresh) cycleso thatall 256 combinations
of RASaddresses are executed at least every 4 msec (regard-
less of sequence). Micron recommends evenly spaced re-
fresh cycles for maximum data integrity.

1-23




MICRON MT1259

FUNCTIONAL BLOCK DIAGRAM

S PAGE MODE
°——_‘J ) DATA IN
CAS o BUFFER O
GeneRATOn [ pataour [ °Dour
[ BUFFER
Lo fhooroee 44
9 ADDRESS 9 > COLUMN
:'|> BUFFER (10) | DELODER
Ao o— 1
:' ] REFRESH
A 20/ CONTROLLER SENSE AMPLIFIERS
3 00— 1/0 GATING
A4 o— ]
As o— REFRESH
:6 o— COUNTER
7 o—
A { L
8o Ny g % H MEMORY
$ pooatss [T > T = ARRAY
9 BUFFERS (9) 8 il
FAS NO. 1 CLOCK ] oV
o————— GENERATOR o Ves
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE NOTES
tR tC
Standby H H H X X High Impedance
READ L L H ROW | COL | Data Out
WRITE L L L ROW | COL | Dataln
(EARLY-WRITE)
READ-WRITE L L H—-L—H| ROW | COL | Valid Data Out,
Valid Data In
PAGE-MODE L H—L—H H ROW | COL | Valid Data Out,
READ Valid Data Out
PAGE-MODE L H—-L—H L ROW | COL | Valid Data In,
WRITE Valid Data In
PAGE-MODE L H—L—H| H—»L—H| ROW | COL | Valid Data Out,
READ-WRITE Valid Data In
RAS ONLY L H H ROW | n/a | High Impedance
REFRESH
HIDDEN L—=H—-L L H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H—-L L H X X High Impedance
RAS REFRESH
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MICRON MT1259

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss........ -1.0V to +7.0V
Operating Temperature, Ta(Ambient) 0°C to +70°C
Storage Temperature (Ceramic) ................ -65°C to +150°C
Storage Temperature (Plastic) .... .

Power Dissipation .....................
Short Circuit Output Current .....

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C < T, 70°C) (Vo = 5.0V £10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 Vv
Input High (Logic 1) Voltage, All Inputs VIH 2.4 |Vcc+1 \ 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \ 1
INPUT LEAKAGE
Input leakage current, any input (0V < Vin < Vcc), li -10 10 A
all other pins not under test = 0 volts
OUTPUT LEAKAGE
Output leakage current (Dour is disabled, loz -10 10 HA
0V < VouT £ Vec)
OUTPUT LEVELS
Output High (Logic 1) voltage (lout = -5mA) VoH 2.4 \ 1
Output Low (Logic 0) voltage (lout = 5SmA) VoL 0.4 \

(Notes: 1,2,3,4,6) (0°C < T, <70°C) (Vcc = 5.0V +10%) MAX
PARAMETER/CONDITION SYMBOL| -8 |-10|-12| -15 |UNITS | NOTES

STANDBY CURRENT: TTL input levels
(RAS = CAS = Vi after 8 RAS cycles)

lcct 5|55 5] mA

OPERATING CURRENT
(RAS and CAS = Cycling: tRc = tRC(MIN))

lcca | 65|55 |55|45 | mA 2

OPERATING CURRENT: PAGE MODE
(RAS = Vi, CAS = Cycling: trc = tPc(MIN))

lcca |65 |55(55(45 | mA 2

REFRESH CURRENT: RAS ONLY
(RAS = Cycling: CAS = ViH: tRc = tRC(MIN))

lcca | 55140140 35 | mA 2

REFRESH CURRENT: CAS-before-RAS lccs (6555|5545 | mA | 2,20
(RAS and CAS = cycling, trc = tRo(MIN))

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-As), Din Cn 5 pF 18
Input Capacitance RAS, CAS, WE Ci 8 pF 18
Output Capacitance Dout Co 7 pF 18

O
X
>
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MICRON

MT1259

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 3, 4,5, 10, 11,17, 18) (0°C < T, < 70°C) (Ve = 5.0V £10%)

A.C. CHARACTERISTICS -8 -10 -12 -15

PARAMETER SYM MIN | MAX | MIN MAX | MIN | MAX | MIN | MAX | UNITS | NOTES
Random READ or WRITE cycle time 'RC 150 190 220 260 ns 6,7
READ-MODIFY-WRITE cycle time ‘RWC 180 220 255 295 ns
PAGE-MODE cycle time 'pc 75 90 100 120 ns 6,7
Access time from RAS 'RAC 80 100 120 150 | ns | 7,8
Access time from CAS ‘cac 40 50 60 75 ns | 7,9
RAS pulse width 'RAS 80 10,000 100 |10,000| 120 [10,000| 150 [10,000| ns

RAS hold time 'RSH 40 50 60 75 ns

RAS precharge time 'rp 60 80 90 100 ns

CAS pulse width ‘cas 40 |10,000| 50 [10,000| 60 10,000 75 |10,000| ns

TAS hold time 'csH 80 100 120 150 ns

CAS precharge time 'cPN 20 25 25 30 ns 19
CAS precharge time (PAGE-MODE) ‘cp 25 30 30 35 ns

RAS to CAS delay time 'RCD 20 40 25 50 25 60 25 75 ns 13
TAS to RAS set-up time 'CRP 10 15 20 20 ns

Row address set-up time ‘ASR 0 0 0 0 ns

Row address hold time 'RAH 15 15 15 15 ns

Column address set-up time tasc 0 0 0 0 ns

Column address hold time 'CAH 15 20 20 25 ns

Column address hold time ‘AR 50 70 80 100 ns
referenced to RAS

READ command set-up time 'Rcs 0 0 0 0 ns

READ command hold time RcH 0 0 0 0 ns 14
referenced to CAS

READ command hold time 'RRH 0 0 0 0 ns
referenced to RAS

Qutput buffer turn-off delay 'oFF 0 25 0 30 0 30 0 35 ns 12
WE command set-up time 'wcs 0 0 0 0 ns 16
WRITE command hold time 'WcH 15 35 40 45 ns

WRITE command hold time 'WCR | 35 85 100 120 ns
referenced to RAS

WRITE command pulse width 'wp 15 35 40 45 ns

WRITE command to RAS lead time 'RWL 35 35 40 45 ns

WRITE command to CAS lead time towL 35 35 40 45 ns

Data-in set-up time 'ps 0 0 0 0 ns 15
Data-in hold time 'DH 15 35 40 45 ns 15
Data-in hold time DHR 35 85 100 120 ns
referenced to RAS

CAS to WE delay ‘cwb 30 40 50 60 ns 16
RAS to WE delay 'RwD | 70 90 110 135 ns 16
Transition time (rise or fall) T 3 100 3 100 3 100 3 100 ns 5,17
Refresh Period (256 cycles) 'REF 4 4 4 4 ms 21
TAS hold time ICHR 15 20 25 30 ns 20
(CAS-before-RAS refresh)
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MICRON

MT1259

NOTES

1.
2.

10.
11.

12.

13.

All voltages referenced to Vss.

Icc is dependent on output loading and cycle rates.
Specified values are obtained with minimum cycle
time and the output open.

An initial pause of 100us is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 4ms refresh require-
ment is exceeded.

AC characteristics assume ‘T = 5ns.

Vin min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and ViL.

. The minimum specifications are used only to indicate

cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.
Measured with a load equivalent to 2 TTL gates and
100pF.

Assumes that 'RCD < 'RCD (max). If ‘RCD is greater
than the maximum recommended value shown in
this table, ‘RAC will increase by the amount that
'RCD exceeds the value shown.

Assumes that 'RCD 2 'RCD (max).

1f CAS = Vi, data output is high impedance.

If CAS = V1L, data output may contain data from the
last valid READ cycle.

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to VoH or Vor.

Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. ‘RCD (max) is specified as a
reference tpoint only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-

21.

trolled exclusively by 'CAC.
14.'RCH is referenced to the first rising edge of RAS or
CAs.
15. These parameters are referenced to CAS leading
edge in early WRITE cycles and to the WE leading
edge in late WRITE or READ-MODIFY-WRITE
cycles.
'WCS, 'CWD and 'RWD are restrictive operating
parameters in READ-WRITE and READ-MODIFY-
WRITE cycles only. If '"WCS > 'WCS (min) the cycle is
an EARLY-WRITE cycle and the data output will
remain an open circuit throughout the entire cycle. If
'CWD 2 'CWD (min) and ‘RWD = ‘RWD (min) the
cycle is a READ-WRITE and the data output will
contain data read from the selected cell. If neither of
the above conditions are met the state of data out (at
access time and until CAS goes back to Vi) is inde
terminate.
In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vin and
ViL (or between ViL and Vin) in a monotonic manner.
Capacitance calculated from the equation C = IAt
AV
with AV =3V and Vcc = 5V. This parameter is
sampled.
If CAS is low at the falling edge of RAS, Dout will
be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for 'CP. Note 8 applies to determine
valid data out.
On-chip refresh and address counters are enabled.
A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW.

16.

17.

18.

19.

20.
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MICRON MT1259

| READ CYCLE

] tec

} trRAS trp

‘ — Ty )
g | | j \

CSH

> tRSH tRRH
g _ tcre trCD tcas

O]
>
(%]

Vi = 3 4
V!E - . \ \£ )/ /
AR
tAsr tRAH tasc tcaH

V(H — s b
ADDR it~ @g ROW }Q/ 0{‘ COLUMN 7§W W@( ROW
I tres tRCH

o fi t t ’ /]
EARLY-WRITE CYCLE

L X

TR o i /

soor it 77777 Row Y, — 3W////] TR ®ow

we i T //////L// T, : VT,

o v T, vawo oata L,

DON'T CARE

1-28



MICRON MT1259

ADDR

OIN

Dout

READ-WRITE CYCLE
READ-MODIFY-WRITE CYCLE -
tRwc
tRAS - tre U
¥r S }_*_______.__\ ;::
= =
_ ‘crp treo tcas
wo_f Q ’ '
AR
tasr tRAH tasc tcan
x:ﬁ 7 [ ROW j)W m‘ COLUMN ;W / M ROW
trcs :E:E igxt
twp
VA T N Y
tos toH
W ZJ I, SIS ) I,
c
‘Rig torF
zgf R OPEN VALID DATA ; OPEN

DON'T CARE

1-29



Nv4da

MICRON MT1259

PAGE-MODE READ CYCLE
tRAS trp
R i
tosn
trc tRsH
if tcre trco tcas tep tcas tep tcas teen
Vi - 3 s p s R ‘-
CAs ViL —_/F \: 1Z 12 S( ;[ /
tarR
tasr || tRAH tasc tcaH tasc || tcaH tasc || tcaH
ViH ‘%}‘ )m( s s R
AoOR M~ ROW ] COLUMN W COLLJMN XK COLI-UMN X)) 4 /X_row
tres — tres — I tRRH
tros treH - '__ ﬂ‘ treH — '__ tRCH
M f ¥
L // X X XU
tcac tcac tcac
trac ‘
Vou —
oo 191 {ZR) R (BB o
PAGE-MODE EARLY-WRITE CYCLE
trRAS trp
Vg —
RAS V:}C— Nt \_
tesH
tpc tRsH
terp treD tcas tep tcas tcas tepn
Vi = Y "
s ) , O | Y
tAR
tasrR || tRaH tasc tcaH tasc || tcan tasc || _tcaH
VIH— 4 —y s s !
ADDR M ROW 75@2 COLUMN WL COLUMN ] COLUMN XZZZZZZZ'/ ROW
towl | towl | towe i
twes twch o twes || twe o twes || twen -
twe twe twp
w =T W, T
WE ViL - L . /ef //
twer trRWL |
tDHR o
tps toH tos toH tbs toH
ViH ~ R P 4 R
on TR ww oata K% vauo oaa W@; o oxa XTI

DON'T CARE
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MICRON MT1259

RAS ONLY REFRESH CYCLE
(ADDR = A, - A_; A, and WE = DON'T CARE.)

tRAS

RAS M C i /

ViL -
tcre
TAS le - ¥
L~
tAsr tRAH ,

ADDR x:[‘ :// //@i( ROW J}LW WW /W

VOH

Dout VoL = OPEN
CAS-BEFORE-RAS REFRESH CYCLE
(A0 - A8 WE = DON'T CARE.)
trAS trp
RES M - N J N
tcrp tCHR
R
m i\ /
Doyt xgt‘: OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)?'
(READ) (REFRESH)
trAS L tre tRAS
msoUrs — ——
terp trcD tRSH teHr |
_—e = —
tasr tRAH fiic tcaH

ADDR x:s z ROW “L COLUMNt X /) /) 7

CcAC

‘R:C et
Dout \\jg[‘ E OPEN i VALID DATA - oPeN—

m DON'T CARE
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MICRON

MT1259

ORDER INFORMATION
256K x 1, 100ns in Plastic PLCC

| PRODUCT # | [PACKAGE | LSPEED ] ITEMPERATURE

MT1259 EJ -10

The Micron MT1259 is functionally equivalent to other
manufacturers’ product meeting JEDEC standards. It is
manufactured and quality controlled in Micron’s modern
Boise, Idaho USA facility using the NMOS double-poly

process. Micron’s QUALITY ASSURED policy is to offer
prompt, accurate and courteous service while assuring
reliability and quality. Functionality is consistently as-
sured over a wider power supply range, temperature and
refresh than specified. Each unit receives accelerated burn-
in and several hours of AMBYX™ system level testing
prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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MICRON

MT4C4256

DRAM

256K x 4 DRAM

FAST PAGE MODE

FEATURES

¢ Industry standard x4 pin-out, timing, functions and
packages

High performance CMOS silicon gate process

Single +5V+10% power supply

Low power, 5mW standby, 175mW active, typical

All inputs, outputs and clocks are fully TTL and
CMOS compatible

512 cycle refresh distributed across 8ms

* Refresh modes: RAS only, CAS before RAS, and

Hidden
* Optional Fast Page Mode access cycle

e o o o

OPTIONS MARKING
¢ Timing
100ns access -10
120ns access -12
150ns access -15
¢ Organization
256K x 4 MT4C4256
® Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP zZ
Plastic SOJ DJ
GENERAL DESCRIPTION

The MT4C4265isarandomly accessed solid-state memory
containing 1,048,576 bits organized in a x4 configuration.
During READ or WRITE cycles each bit is uniquely ad-
dressed through the 18 address bits which are entered 9 bits
(A0-A8) at a time. RAS is used to latch the first 9 bits and
CAS the latter 9 bits. A READ or WRITE cycle is selected
with the WE input. A logic high on WE dictates READ
mode while a logic low on WE dictates WRITE mode.
During a WRITE cycle data in (D1n) is latched by the falling
edge of WE or CAS, whichever occurs last. If WE goes low
prior to CAS going low, the output pin(s) remain open
(High Z) until the next CAS cycle. If WE goes low after data
reaches the output pin(s), DouT is activated and retains the
selected cell data as long as CAS remains low (regardless
of WE or RAS). This late WE pulse results in a READ-
WRITE cycle. The 4 data inputs and 4 data outputs are
routed through 4 pins using common /O and pin direction
is controlled by WE and OE.

PIN ASSIGNMENT (Top View)
MT4C4256 MT4C4256
20 Pin DIP 20 Pin ZIP
pQ1chk1 20D vss OE rte Ko
Da202 19PDQ4 0A3 £33, poa
WEC 3 180DQ3 Ves 138 63l pan
RASQ4 17[pTAS 002 (37 g1 W
PGS BPOE o RAS 1019 o) e
A0 6 150A8 ! Ao r:" 1207 A1
md7 1apar CD A2l s
A208 13DA6 vee {1315 1ol e
A309 12045 AS 7 0 ne
veed 10 1P A4 AT [E319,0 ) ap
MT4C4256 ZB
20 Pin SOJ
par i h s
paz2( 2 25 DQ4
WEQ3 24 0 DQ3
RAS O 4 23 CAS
“TF Qs 221 GE
DJA
Qo 180 A8
A1 Q10 170 A7
A2gn 160 A6
A3f 12 150 A5
Vec O 13 140 A
*TF = Test Function, ground of leave as a no-connect for normal device
operation.

Returning RAS and CAS high terminates a memory
cycleand decreases chip current to areduced standby level.
Also, the chip is preconditioned for the next cycle during
the RAS high time. Memory cell data is retained in its cor-
rect state by maintaining power and executing any RAS
cycle (READ, WRITE, RAS only, CAS-before-RAS, or
Hidden refresh) so that all 512 combinations of RAS ad-
dresses (A0-A8) are executed at least every 8ms, regardless
of sequence.

PAGE MODE operations allows faster data operations
(READ, WRITE or READ-MODIFY-WRITE) within a row
address (A0-A8) defined pageboundary. The PAGEMODE
cycle is always initiated with a row address strobed in by
RAS followed by a column address strobed in by CAS. By
holding RAS low, CAS may be toggled strobing in differ-
ent column addresses executing faster memory cycles.
Returning RAShigh terminates the PAGEMODE operation.
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MICRON

FUNCTIONAL BLOCK DIAGRAM
_ FAST PAGE MODE
WT © ‘J ) DATA IN
CAS o BUFFER

NO. 2 CLOCK
GENERATOR |

o 1101
o 1/02
o l/03
o /04

DATA OUT

TF | ‘ BUFFER
y COLUMN >—1§""2"“8"“ﬂ
9 ADDRESS 9 COLUMN
A ¥ BUFFER J DELODER
0 o—
:‘ ] REFRESH
A2 1 CONTROLLER SENSE AMPLIFIERS
30— 1/0 GATING
Ay ol v ll
As o— REFRESH o
:s o— COUNTER ]
Npas <o AN
Aoo— | = ow 83| s MARRAY
- ADDRESS - > c‘§
D BUFFEtRS (9) J o
_ +——0 V,
RAS SenerATOn [T I .—ovcc
ss
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE OE TF tR tC NOTES
Standby H H H H GND/NC X X High Impedance
READ L L H L GND/NC | ROW | COL | Data QOut
WRITE L L L H GND/NC | ROW | COL | DataIn
(EARLY-WRITE)
READ-WRITE L L H—-L—-H | L—H GND/NC | ROW | COL | Valid Data Out,
Valid Data In
PAGE-MODE L H—=L—H H L GND/NC | ROW | COL | Valid Data Out,
READ Valid Data Out
PAGE-MODE L H—L—H L H GND/NC | ROW | COL | Valid Data In,
WRITE Valid Data In
PAGE-MODE L H-L—H | H—=L-H | L—H GND/NC | ROW | COL | Valid Data Out,
READ-WRITE Valid Data In
RAS ONLY L H H H GND/NC | ROW | n/a | High Impedance
REFRESH
HIDDEN L—=H-L L H H GND/NC | ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H—-L L H H GND/NC X X High Impedance
RAS REFRESH
TEST L L H H H ROW | COL | Data Out,
FUNCTION Test Funtion Mode
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MICRON MT4C4256

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss.......-1.0V to +7.0V mum Ratings” may cause permanent damage to the de-
Operating Temperature, TA(Ambient)........... 0°C to +70°C vice. This is a stress rating only and functional operation of
Storage Temperature (Ceramic) ................ -65°C to +150°C the device at these or any other conditions above those
Storage Temperature (Plastic) ................... -55°C to +150°C indicated in the operational sections of this specification is

Power Dissipation ..........c.ccc........
Short Circuit Output Current

DC ELECTRICAL CHARACTERISTICS
(Notes : 1,3,4,6,7) (0°C < T, <70°C, = 5.0V + 10%)

*Stresses greater than those listed under “Absolute Maxi-

not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
OPERATING CURRENT lcct 50 mA 3,4
(RAS and CAS = Cycling: trc = tRC(MIN))
OPERATING CURRENT: FAST PAGE MODE lcc2 50 mA 3,4
(RAS = Vi, CAS = Cycling: trc = tPc(MIN))
STANDBY CURRENT: TTL INPUT LEVELS lccs 2 mA
Power supply standby current (RAS = CAS = Vin
after 8 RAS cycles min.)
STANDBY CURRENT: CMOS INPUT LEVELS lcca 1 mA
Power supply standby current (RAS = CAS = Vcc -0.2V
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2V)
REFRESH CURRENT: RAS ONLY lecs 35 mA 3
(RAS = Cycling: CAS = Vin)
REFRESH CURRENT: CAS-before-RAS lccs 35 mA 3,5
(RAS and CAS = Cycling)
INPUT LEAKAGE CURRENT
(any input (OV < VIN < Vcc), I -10 10 uA
all other pins not under test = 0 volts)
OUTPUT LEAKAGE CURRENT
(Dour is disabled, 0V < Vout < Vcc) loz -10 10 UA
OUTPUT LEVELS
Output High voltage (lout = -5mA) VoH 2.4 Vv 1
Output Low voltage (lout = 5mA) VoL 0.4 \'
RECOMMENDED DC OPERATING CONDITIONS
(0°C < TA < 70°C)
PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 4.5 55 Vv 1
Input High (Logic 1) Voltage, All Inputs ViH 2.4 [Vcc+l \" 1
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 0.8 \ 1
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MICRON MT4C4256

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-Ag), DIN Ci1 5 pF 2
Input Capacitance RAS, CAS, WE, OE Cr2 7 pF 2
Output Capacitance Dout Co 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, <+70°C, Voc = 5.0V + 10%)

A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time 'Rc 190 220 260 ns
READ-MODIFY-WRITE cycle time 'RWC 220 255 295 ns
PAGE-MODE READ or WRITE tpc 55 70 85 ns

cycle time

Access time from RAS 'RAC 100 120 150 ns 14
Access time from CAS 'cAC 25 30 45 ns 15
Qutput Enable 'O 25 25 30 ns

Access time from column address taA 50 60 70 ns

Access time from CAS precharge 'cPA 50 65 75 ns

RAS pulse width 'RAS 100 10,000 120 10,000 150 | 10,000 ns

RAS pulse width (PAGE MODE) 'RASP 100 100,000 120 100,000 150 100,000 ns

RAS hold time 'RSH 25 30 45 ns

RAS precharge time 'RP 80 90 100 ns

CAS pulse width 'cAs 25 10,000 30 10,000 45 10,000 - ns

TAS hold time 'CsH 100 120 150 ns

TAS precharge time 'cPN 15 20 25 ns 16
CAS precharge time (PAGE MODE) cp 10 15 20 ns

RAS to CAS delay time 'RCD 10 75 15 90 15 105 ns 17
CAS to RAS precharge time 'CRP 10 10 10 ns

Row address set-up time 'ASR 0 0 0 ns

Row address hold time 'RAH 10 15 15 ns

RAS to column 'RAD 10 50 15 60 15 70 ns 18
address delay time

Column address set-up time 'asc 0 0 0 ns

Column address hold time {CAH 15 20 25 ns

Column address hold time ‘AR 60 70 80 ns
(referenced to RAS)

Column address to RAL 50 60 70 ns

RAS lead time

Read command set-up time ‘Rcs 0 0 0 ns

Read command hold time 'RCH 0 0 0 ns 19
(referenced to CAS)

Read command hold time 'RRH 0 0 0 ns 19
(referenced to RAS)

‘CAS to output in low-Z ‘oLz 5 5 5 ns

Qutput buffer turn-off delay 'OFF 0 25 0 25 0 30 ns 20
Output Disable ‘op 25 25 30 ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 6, 7, 8,9, 10, 11, 12, 13) (0°C < TA < +70°C, Vce = 5.0V £ 10%) -
A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES U
WE command set-up time 'wes 0 0 0 ns 21 m
Write command hold time 'WeH 20 25 30 ns

Write command hold time 'WCR 70 80 90 ns >
(referenced to RAS) g
Write command pulse width 'wp 20 25 30 ns

Write command to RAS lead time 'RwL 25 30 35 ns

Write command to CAS lead time fowL 25 30 35 ns

Data-in set-up time 'ps 0 0 0 ns 22

Data-in hold time 'DH 15 20 25 ns 22

Data-in hold ime 'DHR 70 80 90 ns

(referenced to RAS)

RAS to WE delay time 'RWD 120 150 185 ns 21

Column address 'AWD 80 100 120 ns 21

to WE delay time

CAS to WE delay time ‘cwp 65 75 85 ns 21

Transition time (rise or fall) 7 3 50 3 50 3 50 ns 9,10

Refresh Period (512 cycles) 'REF 8 8 8 ms

RAS to CAS Precharge time 'RPC 0 0 0 ns

CAS set-up time csR 10 10 10 ns 5
(CAS-before-RAS refresh)

TAS hold time 'CHR 20 25 30 ns 5
(CAS-before-RAS refresh)
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NOTES

1.
2.

10.

11.

12.

13.

14.

15.
16.

All voltages referenced to Vss.

This parameter is sampled. Capacitance is calculated
from the equation C = [At with AV =3V and Vcc =
5V. AV

Icc is dependent on cycle rates.

Icc is dependent on output loading. Specified values
are obtained the output open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

An initial pause of 100us is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 8ms refresh require-
ment is exceeded.

AC characteristics assume 'T = 5ns.

Vin min and VIL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and ViL (or between ViL
and Vin).

In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vin and
VIL (or between ViL and ViH) in a monotonic manner.
If CAS = Vin, data output is high impedance.

If CAS = V1L, data output may contain data from the
last valid READ cycle.

Measured with a load equivalent to 2 TTL gates and
100pF.

Assumes that 'RCD < 'RCD (max). If 'RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

Assumes that 'RCD > 'RCD (max).

If CAS is low at the falling edge of RAS, Dout will
be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for 'CPN.

17. Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. '‘RCD (max) is specified as a
reference Point only; if '‘RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by ‘CAC.

18. Operation within the 'RAD (max) limit ensures that
'RCD (max) can be met. 'RAD (max) is specified as a
reference tpoint only; if 'RAD is greater than the
specified 'RAD (max) limit, then access time is con-
trolled exclusively by 'AA.

19. Either ‘RCH or 'RRH must be satisfied for a READ
cycle

20. 'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to VoH ot VoL.

21.'WCS, 'RWD, ‘AWD and 'CWD are restrictive
operating parameters in late WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If ‘WCS >
'WCS (min) the cycle is an early WRITE cycle and the
data output will remain an open circuit throughout
the entire cycle. If 'RWD > 'RWD (min), ‘AWD >
FAWD (min) and 'CWD > 'CWD (min) the cycle is a
READ-WRITE and the data output will contain data
read from the selected cell. If neither of the above
conditions are met the state of data out (at access
time and until CAS goes back to Vin) is indetermi-
nate.

22. These parameters are referenced to CAS leading
edge in early WRITE cycles and WE leading edge in
late WRITE or READ-WRITE cycles.

23. During a READ cycle, if OE is LOW then taken
HIGH Dour goes open. If OE is tied permanently
low a READ-WRITE or READ-MODIFY-WRITE
operation is not possible.

24. A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW and
OE=HIGH.
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ADDR

Dio

ADDR

Dio

READ CYCLE
trRAS trp
o B 3 O
tesH m
tRSH tRRH
tere treD tcas >
ViH = 3 7
ViL -_j . ._/ g
AR
tRAD tRAL J
tasr tRAH tasc tean -

ViL = A

} r tres treH
VA 7 XU/
taa N
trac
teac N torr
tez
x:g[‘ E OPEN m‘_\muo DATA OPEN
toe top
e N /
EARLY-WRITE CYCLE
tre
tRAS \ trp
v C / -
tesH
tRsH
| terp tRco teas
Vig - A
V:L —J . -\
AR
tRAD tRAL
tAsr tRAH tasc tean
v:r X ROW im COLUMN W I @( ROW
towe ]
tRwL -
twer
twes twer
twe
v J i T
L tDHR
! tps ton
NS i RN 7/ W T
VI HIGH
viL - DON'T CARE

m UNDEFINED
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READ-WRITE CYCLE

- READ-MODIFY-WRITE CYCLE
O o
trAS tre
" o) RS M : /[ ;\_
CSH
> tRSH
g . tcrp trRcD tcas
ws \
tar
trRAD tRAL
tAsr tRAH tasc tcaH
ADDR x:'L* X ROW CIOLUMN : W / / , / / @( ROW
RWD cow
tres | tewp tRwe I
' tawD twe
ViH =
= 7 77 ‘
AA
L trac
teac
toz— - (105 _{| toH_,
Dip x:g‘s = 0PEN ———————————— JRXX VALID Doyt J{ VALD Oy OPEN
toe top
w® s \ /
PAGE-MODE READ CYCLE
tRASP trp
e g T —_
tesH tec tRSH
terp trco tcas tep tcas tep tcas tepn
o e .
AR
tRAD tRAL
tasr || tRAH tasc tean tasc tcan tasc tcan
ADDR z'"*_‘ K RO’W m{ COLUMN @] COLUMN JW 0} COLUMN W / M ROW
¢ ]»—'Rcs L—'Rcs N —l == tRRH
Res tRCH l-— trReH —~{ r— R
|

taa | taa
traC ’ tcpa
tcac toFF, tcac toFF, tcac

r_—
LR Z///////////{//f ng T

e

—={ | torF
torz torz torz -
VioH- VAUID VALID VALID
%0 Vg - OPEN DATA DATA {_DaTA J—OPEN
t

® e T, ;-; il )’;;//// // /L—/; T,

7 .
DON'T CARE
B uwoereo
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PAGE-MODE EARLY-WRITE CYCLE

RES M
=W . o
tesH tpc tRsH
. terp trReo tcas tep tcas tep tcas tepn m
Vig = J: y >
AS v ‘_/ 1 /; .
=
tRAD tRAL
tasr || tRaH tasc tcaH tasc_||_tcaH tasc || _tcan
| CAH
Vg = —
AR T ROW ] COLUMN WQ/ M COLUMN J}W m COLUMN W %( ROW
tows | towe i towl |
twes twen ' twes || twc ' twes | | twew '
twe twp twp
ViH —7/
we Vit = £
twer tRwL ]
toHR -
tos toH tps toH tos toH
D My VALID DATA VALID DATA VALID DATA
N VioL 7
VioH -
Dio V:g[‘ B OPEN
Vo o HIGH
vl -

PAGE-MODE READ-WRITE CYCLE

trRASP RP,
[V ——
A VT - K H
tesH tec tRsH
terp treD tcas tep tcas tep tcas tepn
Vi = {7 r
TAs -_/ \ ; \
tar
tRAD || traL .
tAsR_| | tRAH tasc tcaH tasc || tcaH tasc ||, tcan

Wz K/ B 1
AooR it ROW ] g 1cow»m W / COLUMN W / COLUMN ] ] ROW
tRwD
— t
tres | 4 L t l_ LtRWL
~ owL o owL — —- owL

twp — L twp —= o twp
tawp tawp tawp
tewn tewo tewo
]
ViH -
W Vi ~ /
taa
L traC
[
teac =
terz
VioH -
Do v:gr- OPEN

tonzq
Vig =
T -
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RAS ONLY REFRESH CYCLE
(ADDR = A - Ag; Agand WE = DON'T CARE.)

tre
trAS

trp
N
RES i - J
terp
Vig =
TAS
ViL -J

tasr tRAH
ViH — - !
aooR M { ROW ] X ROW
VioH—
Dio v,gL_ OPEN

CAS-BEFORE-RAS REFRESH CYCLE
(A, - A, WE and OE = DON'T CARE)

trAS | trp
RAS Vi - |

tesr tcHR
Gl i

VIoH-
Do v~ OPEN

HIDDEN REFRESH CYCLE
(WE = HIGH); OE=LOW)?4

(READ) (REFRESH)
tRAS trP tRAS
A Vi - R K
L tere tReD | tRSH teHR
Vig =
A VM
ViL = /|
tAR
tRAD tRAL
tasr || tRaH tasc || tcaH
- R
R/, ST A Y
taa
trRAC
teac
oz -~ | torF
VioH- R
D0 v = OPEN ————————— 000 i VALID DATA pb— OPEN —

m DON'T CARE
m UNDEFINED
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ORDER INFORMATION

256K x 4, 120ns in Plastic DJ

PRODUCT #
I

PACKAGE|| SPEED

e
_1 1
MT4C4256 DJ -10
The Micron 1 MEG DRAM family is manufactured and

quality controlled in Micron’s modern Boise, Idaho USA
facility using its low power, high performance CMOS

silicon gate process. They are functionally equivalent to
other manufacture's products meeting JEDEC standards.
Several parameters are sampled; however, fuctionality is
consistently assured over a wider power supply, tempera-
ture and refresh range than specified. Each unit receives
accelerated burn-in and several hours of AMBYX™ system
level testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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MT4C4258

DRAM

256K x 4 DRAM

STATIC COLUMN

FEATURES

* Industry standard x4 pin-out, timing, functions and
packages

High performance CMOS silicon gate process

Single +5V+10% power supply

Low power, 5mW standby, 175mW active, typical

All inputs, outputs and clocks are fully TTL and
CMOS compatible

512 cycle refresh distributed across 8ms

* Refresh modes: RAS only, CAS before RAS, and

Hidden
¢ Optional Static Column access cycle

e o o o

OPTIONS MARKING
¢ Timing
100ns access -10
120ns access -12
150ns access -15
¢ Organization
256K x 4 MT4C4258
* Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP VA
Plastic SOJ DJ

GENERAL DESCRIPTION

TheMT4C4258isarandomly accessed solid-state memory
containing 1,048,576 bits organized in a x4 configuration.
During READ or WRITE cycles each bit is uniquely ad-
dressed through the 18 address bits which are entered 9 bits
(AQ-A8) at a time. RAS is used to latch the first 9 bits and
CAS the latter 9 bits. A READ or WRITE [TE cycle is selected
with the WE input. A logic high on WE dictates READ
mode while a logic low on WE dictates WRITE mode.
During a WRITE cycle data in (Din) is latched by the falling
edge of WE or CAS, whichever occurs last. If WE goes low
prior to CAS going low, the output pin(s) remain open
(High Z) until the next CAS cycle. If WE goes low after data
reaches the output pin(s), Dour is activated and retains the
selected cell data as long as CAS remains low (regardless
of WE or RAS). This late WE pulse results in a READ-
WRITE cycle. The 4 data inputs and 4 data outputs are
routed through4 pins using common /O and pin direction
is controlled by WE and OE.

PIN ASSIGNMENT (Top View)
MT4C4258 MT4C4258
20 Pin DIP 20 Pin ZIP
DQ1 et P20} vss Ot | &S
DQ2C2  191DQ4 pas i DQ4
WEC 3 18P DQ3 Ves |0 ba
RASO 4 17[1CAS baz - 1| we
“TFO5 16HOE PD RAS : ) TR
A0C 6  150A8 ' Ao At
atd7 1par CD A2 3
A208 13[0A6 Vee ™
A309 12[0A5 i A6
Vecd 10 110 A4 A7 A8
MT4C4258
20 Pin SOJ
pat i 21 ves
pQz2 4 2 25 1 DQ4
WEQ 3 24 P DQ3
RAS O 4 230 TAS
“TF Q5 221 OF
DJA
Ao 180 A8
A O 10 7P A7
A2Q 11 16 [1 A6
A 12 150 A5
Vee [ 13 140 A
*TF = Test Function, ground of leave as a no-connect for normal device
operation.

Returning RAS and CAS high terminates a memory
cycleand decreases chip currentto a reduced standby level.
Also, the chip is preconditioned for the next cycle during
the RAS high time. Memory cell data is retained in its cor-
rect state by maintaining power and executing any RAS
cycle (READ, WRITE, RAS only, CAS-before-RAS, or
Hidden refresh) so that all 512 combinations of RAS ad-
dresses (A0-A8) are executed at least every 8ms, regardless
of sequence.

STATIC COLUMN operations allows faster data
operations (READ, WRITE or READ-MODIFY-WRITE)
within a row address (A0-A9) defined page boundary. The
STATIC COLUMN cycle is always initiated with a row
address strobed in by RAS followed by a column address
strobed in by CAS. By holding RAS low, the column
address may be toggled strobing in different column ad-
dresses executing faster memory cycles. Returning RAS
high terminates the STATIC COLUMN operation.
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MICRON MT4C4258

FUNCTIONAL BLOCK DIAGRAM

S STATIC COLUMN
— : ) DATAIN
CAS o BUFFER oDioo
NO. 2 CLOCK e
GENERATOR DATA OUT /0 2
- . BUFFER oDio3
o 1 COLUMN > |
9 ADDRESS 9 COLUMN
rgo | M BUFFER J DELODER
:‘ — REFRESH
A 20— CONTROLLER SENSE AMPLIFIERS
Ai :: 7 /0 GATING
As o REFRESH
:e o— COUNTER
7 O0—— [—]
Ag oI 4.0 M
A: o— L, v z % i MEMORY
Li> BUFFERS (9) 0 > ol il
L |
— NO.1cLockK [ | o Ve
RAS GENERATOR ] . oV,
SS
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE OE TF tR tC NOTES
Standby H H H H GND/NC X X High Impedance
READ L L H L GND/NC | ROW COL Data Out
WRITE L L L H GND/NC | ROW COL Data In
(EARLY-WRITE)
READ-WRITE L L H—-L—-H | L—H GND/NC | ROW COL Valid Data Out,
Valid Data In
STATIC COLUMN L L H L GND/NC | ROW [COL—COL | Valid Data Out,
READ Valid Data Out
STATIC COLUMN L L L H GND/NC | ROW |[COL—COL | Valid Data In,
WRITE Valid Data In
STATIC COLUMN L L H—-L—-H | L—H GND/NC | ROW |COL—COL | Valid Data Out,
READ-WRITE Valid Data In
RAS ONLY L H H H GND/NC | ROW n/a High Impedance
REFRESH
HIDDEN L—H—-L L H H GND/NC | ROW COL Valid Data Out
REFRESH
CAS-BEFORE- H—-L L H H GND/NC X X High Impedance
RAS REFRESH
TEST L L H H H ROW COL Data Out,
FUNCTION Test Funtion Mode
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss...... -1.0V to +7.0V
Operating Temperature, TA(Ambient) .......... 0°C to +70°C
Storage Temperature (Ceramic) ................ -65°C to +150°C

Storage Temperature (Plastic) ... .-55°C to +150°C
Power Dissipation .........ccc.ccoe...e.

Short Circuit Output Current ..........cccooeevvieriincinnnas 50mA

DC ELECTRICAL CHARACTERISTICS
(Notes : 1,3, 4,6,7) (0°C< T, <70°C, = 5.0V £ 10%)

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
OPERATING CURRENT lcct 50 mA 3,4
(RAS and CAS = Cycling: trc = tRc(MIN))
OPERATING CURRENT: STATIC COLUMN lcc2 50 mA 3,4
(RAS = ViL, CAS = Cycling: trc = tPc(MIN))
STANDBY CURRENT: TTL INPUT LEVELS lces 2 mA
Power supply standby current (RAS = CAS = ViH
after 8 RAS cycles min.)
STANDBY CURRENT: CMOS INPUT LEVELS Icca 1 mA
Power supply standby current (RAS = CAS = Vcc -0.2V
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2V)
REFRESH CURRENT: RAS ONLY lces 35 mA 3
(RAS = Cycling: CAS = ViH)
REFRESH CURRENT: CAS-before-RAS Iccs 35 mA 3,5
(RAS and CAS = Cycling)
INPUT LEAKAGE CURRENT
(any input (OV < Vin < Vce), It -10 10 A
all other pins not under test = 0 volts)
OUTPUT LEAKAGE CURRENT
(Dour is disabled, OV < VouT < Vcc) loz -10 10 A
OUTPUT LEVELS
Output High voltage (lout = -5mA) VoH 2.4 Vv 1
Output Low voltage (lout = 5mA) VoL 0.4 \'
RECOMMENDED DC OPERATING CONDITIONS
(0°C < Tp< 70°C)
PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vee 45 55 % 1
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+l \ 1
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 0.8 \" 1

O
X
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MICRON MT4C4258

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-Ag), DiN Ci1 5 pF 2
Input Capacitance RAS, CAS, WE, OE Cr2 7 pF 2
Output Capacitance DouT Co 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C, Voc = 5.0V + 10%)

A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time 'RC 190 220 260 ns
READ-MODIFY-WRITE cycle time ‘RWC 220 255 295 ns

Access time from RAS 'RAC 100 120 150 ns 14
Access time from CAS 'caC 25 30 45 ns 15
Output Enable 'oE 25 25 30 ns

Access time from column address Al 50 60 70 ns

Access time from CAS precharge 'CPA 50 65 75 ns

RAS pulse width 'RAS 100 10,000 120 10,000 150 10,000 ns

RAS hold time 'RSH 25 30 45 ns

RAS precharge time 'Rp 80 90 100 ns

CAS pulse width 'cas 25 10,000 30 10,000 45 10,000 ns

TAS hold time 'csH 100 120 150 ns

CAS precharge time 'CPN 15 20 25 ns 16
RAS to CAS delay time 'RCD 10 75 15 90 15 105 ns 17
CAS to RAS precharge time 'crRP 10 10 10 ns

Row address set-up time 'ASR 0 0 0 ns

Row address hold time 'RAH 10 15 15 . ns

RAS to column 'RAD 10 50 15 60 15 70 ns 18
address delay time

Column address set-up time 'asc 0 0 0 ns

Column address hold time ‘cAH 15 20 25 ns

Column address hold time 'AR 60 70 80 ns
(referenced to RAS)

Column address to 'RAL 50 60 70 ns

RAS lead time

Read command set-up time 'RcS 0 0 0 ns

Read command hold time 'RCH 0 0 0 ns 19
(referenced to CAS)

Read command hold time 'RRH 0 0 0 ns 19
(referenced to RAS)

TAS to output in low-Z ‘cLz 5 5 5 ns

Qutput butfer turn-off delay tOFF 0 25 0 25 0 30 ns 20
Output Disable 'ob 25 25 30 ns

'WE command set-up time 'wes 0 0 0 ns 21
Write command hold time 'WCH 20 25 30 ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 6, 7, 8,9, 10, 11, 12, 13) (0°C < TA < +70°C, Veec = 5.0V = 10%) -
A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES U
Write command hold time 'WCR 70 80 90 ns m
(referenced to RAS) >
Write command pulse width 'wp 20 25 30 ns

Write command to RAS lead time ‘RWL 25 30 35 ns g
Write command to CAS lead time fowL 25 30 35 ns

Data-in set-up time 'Ds 0 0 0 ns 22

Data-in hold time 'DH 15 20 25 ns 22

Data-in hold time 'DHR 70 80 90 ns

(referenced to RAS)

RAS to WE delay time ‘RWD 120 150 185 ns 21

Column address AWD 80 100 120 ns 21

to WE delay time

CAS to WE delay time 'cwp 65 80 95 ns 21

Transition time (rise or fall) T 3 50 3 50 3 50 ns 9,10

Refresh Period (512 cycles) 'REF 8 8 8 ms

RAS to CAS Precharge time 'RPC 0 0 0 ns

TAS set-up time _ 'CSR 10 10 10 ns 5
(CAS-before-RAS refresh)

TAS hold time ICHR 20 25 30 ns 5
(CAS-before-RAS refresh)

STATIC COLUMN MODE 'sc 55 65 75 ns

cycle time

RAS pulse width (STATIC COLUMN) 'RASC 100 100,000 120 | 100,000| 150  |100,000 ns

TAS precharge time (STATIC COLUMN)|  'cP 10 15 20 ns

STATIC COLUMN READ-MODIFY- 'SRMW 135 160 185 ns

WRITE cycle time

Last write to column address L WAD 25 45 30 55 45 70 ns

delay time

Last write to column address AHLW 95 115 135 ns

hold time

RAS hold time referenced to OE 'ROH 20 20 20 ns

Output data hold time from tAOH 5 — 5 — 5 — ns

column address

Output data enable from write tow 30 35 40 ns

OE to data delay 'OED 25 30 35 ns

‘OE command hold time 'OEH 25 25 30 ns

Access time from last write taLw 95 115 140 ns
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MICRON

NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Capacitance is calculated
from the equation C = JAt with AV =3V and Vcc =
5V. AV

3. Iccis dependent on cycle rates.

4. Icc is dependent on output loading. Specified values
are obtained the output open.

5. Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. Aninitial pause of 100us is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 8ms refresh require-
ment is exceeded.

8. AC characteristics assume T = 5ns.

9. ViH min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and ViL (or between ViL
and ViH).

10. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vix and
ViL (or between ViL and ViH) in a monotonic manner.

11.If CAS = Vin, data output is high impedance.

12.1f CAS = Vi1, data output may contain data from the
last valid READ cycle.

13. Measured with a load equivalent to 2 TTL gates and
100pF.

14. Assumes that 'RCD < 'RCD (max). If '‘RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

15. Assumes that 'RCD > 'RCD (max).

16.1f CAS is low at the falling edge of RAS, Dout will

be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for ‘CPN.

17.

18.

19.

20.

21.

22.

23.

24.

Operation within the fRCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference Point only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by ‘CAC.

Operation within the ‘RAD (max) limit ensures that
'RCD (max) can be met. ‘RAD (max) is specified as a
reference Point only; if 'RAD is greater than the
specified 'RAD (max) limit, then access time is con-
trolled exclusively by 'AA.

Either ‘RCH or ‘RRH must be satisfied for a READ
cycle

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to VoH ot VoL.

'WCS, ‘RWD, 'AWD and ‘CWD are restrictive
operating parameters in late WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If *WCS >
'WCS (min) the cycle is an early WRITE cycle and the
data output will remain an open circuit throughout
the entire cycle. If 'RWD 2 'RWD (min), 'AWD >
'AWD (min) and 'CWD > 'CWD (min) the cycle is a
READ-WRITE and the data output will contain data
read from the selected cell. If neither of the above
conditions are met the state of data out (at access
time and until CAS goes back to Vin) is indetermi-
nate.

These parameters are referenced to CAS leading
edge in early WRITE cycles and WE leading edge in
late WRITE or READ-WRITE cycles.

During a READ cycle, if OE is LOW then taken
HIGH Dourt goes open. If OE is tied permanently
low a READ-WRITE or READ-MODIFY-WRITE
operation is not possible.

A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW and
OE=HIGH.
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ADDR

Dio

ADDR

Dio

READ CYCLE

tRe
trRAS trp
le - 3 B
[
tesH
tRSH tRRH
I terp treo tcas
ViH - ;I£| 3 V
ViL - J j
taR
trAD tRAL
tASR tRAH tasc tcaH
Vg 2
vi'f X ROW COLUMN @( Row
' tres treH
ViH S W
ik f W
taA
trRAC
teac toFF
terz
VioH ~ OPEN Jm VALID DATA OPEN
VioL -~ Ik J
toe top
ViH - /F
ViL -
EARLY-WRITE CYCLE
tre
trRAS trp
\‘le = ;[ 4
[ -~
tesH
tRsH
. tere trReD tcas
ViH = |_ pt
Vi —_7 ’\ 1
tar
tRAD tRAL
tAsR tRAH tasc tcan
ViH - R p!
v ROW ] COLUMN W / W Row
towe I
tRWL -
twer
twes tweH
twe
w
Vit
L toHR
o tps toH
T T K/
Vi VALID DATA
Vi = HIGH -
Vie - ///A DON'T CARE

m UNDEFINED
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READ-WRITE CYCLE
READ-MODIFY-WRITE CYCLE

tRwe
tRAS o trp
v = L—#
RAS \IIH
[ \
tesn
tRSH
tcrp treD tcas
Vi
TS vy -j /
tar
tRAD tRAL
tAsR tRAH tasc tean
it 77D X T
ADDR I ROW CoLUMN X W T row
| trwD tow
tres | tewo tRw
L
tawo twe
MEE/ Z7
W —/
L tan
trac
T teac
N tos || ton
az 08 |- OH
A -
Do vg - OPEN—— XK VALID Doyt VAUD Oin OPEN
toe top
v =
% V:f - \ b /
tRasC tRp
Ju— M -
RAS wos \
tasr| | | tRan tsc . tsc tRAL A
i
ADDR M ROW COLUMN "x[‘ COLUMN COLUMN
ViL - ADDRESS ADDRESS ADDRESS ADDRESS
'RAD tasc icas cas cRP
tAR tcp tRSH
— ViH —
cAs vil = N /l N i
| J{RRH
LI 'RCs tRCH | 'RCS tRCH
, | s
we W g U,
ROH
p— Vih — 7
o v = Thinning . kg,
i - A
o, 'OFF 10E top
cAC 10EZ_ tha
t tAA
A7 tOFF
RAC AOH lcac =]
VioH — , VALID FVaLD ] y,
pio VioL - DATA DATA,4 3 VALID DATA B——
'CLZ_.r._ tewz L]

m DON'T CARE
m UNDEFINED
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STATIC COLUMN EARLY-WRITE CYCLE

s WoTR F \_
o s xéfw W\
= i W{//////W T,
oo Vg S 7@( R A
STATIC COLUMN READ-WRITE CYCLE

R - ZL—‘T'_“\_
so0n x;f%{;oisi;:;é; oo XA soommess X

e

= W W//ﬁ‘1 T

b0 VB W*'ﬁb o

,

e
,’.’.’é UNDEFINED

DON'T CARE
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MICRON MT4C4258

ADDR

Do

ADDR

Dio

RAS ONLY REFRESH CYCLE
(ADDR = A, - Ag; A; and WE = DON'T CARE.)

Vi =
ViL -

tcrp

|

—

ViH =
ik —_/

tAsR

tRAH

ViL K

ROW

T

ROW

VioH-

VioL -

OPEN

CAS-BEFORE-RAS REFRESH CYCLE
(A, - Ay, WE and OE = DON'T CARE)

trAS trp
- g ):\—
[
tcsr teHr
|
VIR = \
ViL = Jf
VioH-
vie= OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH); OE=LOW)?*
(READ) (REFRESH)
trRAS trP tRAS
Vi i
tcre tReo , tRsH teHR
Viy =
vz t X /
AR
traD tRAL
tasr _||_tRAH tasc || tcau
x:r :mL ROW (REREEN cowm: / W //
AA
trAC
teac - t
tors " OFF
z:gt‘: [ e — VALID DATA ;Q—OPEN—

m DON'T CARE
m UNDEFINED
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ORDER INFORMATION

256K x 4, 120ns in Plastic DJ

PRODUCT # | |PACKAGE || SPEED
L I
—1—

MT4C4258 DJ -10

The Micron 1 MEG DRAM family is manufactured and
quality controlled in Micron’s modern Boise, Idaho USA
facility using its low power, high performance CMOS

silicon gate process. They are functionally equivalent to
other manufacture's products meeting JEDEC standards.
Several parameters are sampled; however, fuctionality is
consistently assured over a wider power supply, tempera-
ture and refresh range than specified. Each unit receives
accelerated burn-in and several hours of AMBYX™ system
level testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.







MICRON

MT4C1024

DRAM

1MEG x 1 DRAM

FAST PAGE MODE

FEATURES

¢ Industry standard x1 pin-out, timing, functions and
packages

High performance CMOS silicon gate process

Single +5V+10% power supply

Low power, 5mW standby, 175mW active, typical

All inputs, outputs and clocks are fully TTL and
CMOS compatible

512 cycle refresh distributed across 8ms

Refresh modes: RAS only, CAS before RAS, and
Hidden

Optional Fast Page Mode access cycle

OPTIONS MARKING
* Timing
100ns access -10
120ns access -12
150ns access -15
¢ Organization
1MEGx 1 MT4C1024
* Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP V4
Plastic SOJ DJ
GENERAL DESCRIPTION

TheMT4C1024isarandomly accessed solid-state memory
containing 1,048,576 bits organized in a x1 configuration.
During READ or WRITE cycles each bit is uniquely ad-
dressed through the 20 address bits which are entered 10
bits (A0-A9) at a time. RAS is used to latch the first 10 bits
and CAS the latter 10 bits. A READ or WRITE cycle is
selected with the WE input. A logic high on WE dictates
READ mode while a logic low on WE dictates WRITE
mode. During a WRITE cycle data in (D1n) is latched by the
falling edge of WE or CAS, whichever occurs last. If WE
goes low prior to CAS going low, the output pin(s) remain
open (High Z) until the next CAS cycle. If WE goes low af-
ter data reaches the output pin(s), Dour is activated and
retains the selected cell data as long as CAS remains low
(regardless of ‘WE or RAS). This late WE pulse results in a
READ-WRITE cycle.

Returning RAS and CAS high terminates a memory

PIN ASSIGNMENT (Top View)
MT4C1024 MT4C1024
18 Pin DIP 20 Pin ZIP
DinDet 18 b Vss I R
WEQ 2 17 P Dout Dout [1-33 4 o ves
RASC]3 16 DCAS _Din oy WE
“TEO 4 150 A9* RAS o TR
AOO S5 140A8 PG, NC 1 NC
ade 1par CC AT o At
A207 12PA6 A2 7140 A3
A3 8 110AS vee {15 el g
vecd 9 10 A4 AS LT | e
AT 119 0 ag
MT4C1024
20 Pin SO zB
% s 1 26 0 Vss
WE(Q 2 25 ] Dout
RAS O 3 240 CTAS
“TF Q4 230 NC
NCO5 220 A9*
DJA
N pui] 18 0 A8
A1 D10 170 A7
A2gn 16 [ A6
A3f 12 15 g AS
vee 0 13 140 A4
*Address not used for RAS only refresh
**TF = Test Function, ground of leave as a no-connect for normal device
operation.

cycleand decreases chip current to areduced standby level.
Also, the chip is preconditioned for the next cycle during
the RAS high time. Memory cell data is retained in its cor-
rect state by maintaining power and executing any RAS
cycle (READ, WRITE, RAS only, CAS-before-RAS, or
Hidden refresh) so that all 512 combinations of RAS ad-
dresses (A0 -A8) are executed at least every 8ms, regardless
of sequence.

PAGE MODE operations allows faster data operations
(READ, WRITE or READ-MODIFY-WRITE) within a row
address (A0 -A9) defined pageboundary. The PAGEMODE
cycle is always initiated with a row address strobed in by
RAS followed by a column address strobed in by CAS. By
holding RAS low, CAS may be toggled strobing in differ-
ent column addresses executing faster memory cycles.
Returning RAShigh terminates the PAGEMODE operation.
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MICRON MT4C1024

FUNCTIONAL BLOCK DIAGRAM
FAST PAGE MODE

WIE »—_D DATA IN D
CAS o ] BUFFER N
NO. 2 CLOCK "| D
GENERATOR |, DATA OUT out
BUFFER
TF _ )
COLUMN > e 1}
T ADDRESS 10 COLUMN
Apol ] BUFFER (10) J’ N DELODER
:; :: REFRESH i
A CONTROLLER SENSE AMPLIFIERS
30— 1/0 GATING
A4 o— j . .
:5 o— REFRESH )
A: : COUNTER L
:2 : o z § MEMORY
L ROW 8 8 512 ARRAY
$ ADDRESS L1 > D
19 2| BUFFERS (10) 9 ]
! J
— NO.1CLOCK | | +——o V¢
RAS GENERATOR I oV,
SS
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE TF tR tc NOTES
Standby H H H GND/NC X X High Impedance
READ L L H GND/NC | ROW | COL | Data Out
WRITE L L L GND/NC | ROW | COL | DataIn
(EARLY-WRITE)
READ-WRITE L L H—L—H | GND/NC | ROW | COL | Valid Data Out,
Valid Data In
PAGE-MODE L H—-L—H H GND/NC | ROW | COL | Valid Data Out,
READ Valid Data Out
PAGE-MODE L H—L—H L GND/NC | ROW | COL | Valid Data In,
WRITE Valid Data In
PAGE-MODE L H—L—H | H—=L—H | GND/NC { ROW | COL | Valid Data Out,
READ-WRITE Valid Data In
RAS ONLY L H H GND/NC | ROW | n/a | High Impedance
REFRESH
HIDDEN L—H-L L H GND/NC | ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H-L L H GND/NC X X High Impedance
RAS REFRESH
TEST ) L L H H ROW | COL | Data Out,
FUNCTION Test Funtion Mode
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MICRON MT4C1024

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss ~1.0V to +7.0V
Operating Temperature, Ta(Ambient) .......... 0°C to +70°C
Storage Temperature (Ceramic) ................ -65°C to +150°C
Storage Temperature (Plastic) ...... .-55°C to +150°C
Power Dissipation ..........c.cc.c......
Short Circuit Output Current ..........ccoooeeeeruicinnnnnn. 50mA

DC ELECTRICAL CHARACTERISTICS
(Notes : 1,3,4,6,7) (0°C < T, <70°C = 5.0V + 10%)

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
OPERATING CURRENT lcct 50 mA 3,4
(RAS and CAS = Cycling: trc = tRe(MIN))
OPERATING CURRENT: FAST PAGE MODE lccz 50 mA 3,4
(RAS = Vi, CAS = Cycling: tPc = tPc(MIN))
STANDBY CURRENT: TTL INPUT LEVELS lces 2 mA
Power supply standby current (RAS = CAS = VIH
after 8 RAS cycles min.)
STANDBY CURRENT: CMOS INPUT LEVELS lccs 1 mA
Power supply standby current (RAS = CAS = Vcc -0.2V
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2V)
REFRESH CURRENT: RAS ONLY lccs 35 mA 3
(RAS = Cycling: CAS = Vin)
REFRESH CURRENT: CAS-before-RAS lcce 35 mA 3,5
(RAS and CAS = Cycling)
INPUT LEAKAGE CURRENT
(any input (OV < Vin < Vce), li -10 10 A
all other pins not under test = 0 volts)
OUTPUT LEAKAGE CURRENT
(Dourt is disabled, OV < VouT < Vcc) loz -10 10 A
OUTPUT LEVELS
Output High voltage (lout = -5mA) VoH 2.4 Vv 1
Output Low voltage (lout = 5mA) Vou 0.4 Vv
RECOMMENDED DC OPERATING CONDITIONS
(0°C < TA <70°C)
PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 4.5 55 Vv 1
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+l Vv 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \' 1
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MICRON MT4C1024

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-Ag), DIN Ci 5 pF 2
Input Capacitance RAS, CAS, WE Cr2 7 pF 2
Output Capacitance Dout Co 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, <+70°C, Vce = 5.0V £ 10%)

A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time 'Rc 190 220 260 ns
READ-MODIFY-WRITE cycle time 'Rwec 220 255 295 ns
PAGE-MODE READ or WRITE trc 55 70 85 ns

cycle time

Access time from RAS 'RAC 100 120 150 ns 14
Access time from CAS tcac 25 30 45 ns 15
Access time from column address tAA 50 60 70 ns

Access time from CAS precharge ‘cPA 50 65 75 ns

RAS pulse width 'RAS 100 10,000 120 10,000 150 10,000 ns

RAS pulse width (PAGE MODE) 'RASP 100 100,000 120 100,000 150 100,000 ns

RAS hold time 'RSH 25 30 45 ns

RAS precharge time 'RP 80 90 100 ns

CAS pulse width 'cas 25 10,000 30 10,000 45 10,000 ns

TAS hold time 'csH 100 120 150 ns

CAS precharge time ‘CPN 15 20 25 ns 16
‘CAS precharge time (PAGE MODE) ‘cp 10 15 20 ns

RAS to CAS delay time 'RcD 10 75 15 90 15 105 ns 17
CAS to RAS precharge time 'CRP 10 10 10 | ns

Row address set-up time ‘ASR 0 0 0 ns

Row address hold time 'RAH 10 15 15 ns

RAS to column 'RAD 10 50 15 60 15 70 ns 18
address delay time

Column address set-up time ‘AsC 0 0 0 ns

Column address hold time 'cAH 15 20 25 ns

Column address hold time 'AR 60 70 80 ns
(referenced to RAS)

Column address to 'RAL 50 60 70 ns

RAS lead time

Read command set-up time 'RCS 0 0 0 ns

Read command hold time ‘RCH 0 0 0 ns 19
(referenced to CAS)

Read command hold time 'RRH 0 0 0 ns 19
(referenced to RAS)

‘CAS to output in low-Z icLz 5 5 5 ns

Output buffer turn-off delay 'OFF 0 25 0 25 0 30 ns 20
WE command set-up time 'wes 0 0 0 ns 21
Write command hold time ‘wcH 20 25 30 ns
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MICRON MT4C1024

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 6, 7, 8,9, 10, 11, 12, 13) (0°C < TA < +70°C, Vce = 5.0V £ 10%) -
A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES U
Write command hold time 'WCR 70 80 90 ns m
(referenced to RAS)

Write command pulse width 'wp 20 25 30 ns >
Write command to RAS lead time 'RWL 25 30 35 ns g
Write command to CAS lead time towL 25 30 35 ns

Data-in set-up time 'Ds 0 0 0 ns 22

Data-in hold time 'DH 15 20 25 ns 22

Data-in hold time DHR 70 80 90 ns

(referenced to RAS)

RAS to WE delay time ‘RWD 90 110 135 ns 21

Column address 'AWD 50 60 70 ns 21

to WE delay time

TAS to WE delay time ‘cwD 25 30 45 ns 21

Transition time (rise or fall) r 3 50 3 50 3 50 ns 9,10

Refresh Period (512 cycles) 'REF 8 8 8 ms

RAS to CAS Precharge time 'RPC 0 0 0 ns

CAS set-up time 'csR 10 10 10 ns 5
(CAS-before-RAS refresh)

CAS hold time 'cHR 20 25 30 ns 5
(CAS-before-RAS refresh)
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NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Capacitance is calculated
from the equation C = IAt with AV =3V and Vcc =
5V. AV

3. Iccis dependent on cycle rates.

4. Jccis dependent on output loading. Specified values
are obtained the output open.

5. Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. Aninitial pause of 100us is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 8ms refresh require-
ment is exceeded.

8. AC characteristics assume T = 5ns.

9. ViH min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and ViL (or between ViL
and Vin).

10. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vin and
ViL (or between ViL and Vin) in a monotonic manner.

11.If CAS = Vin, data output is high impedance.

12.1f CAS = V1, data output may contain data from the
last valid READ cycle.

13. Measured with a load equivalent to 2 TTL gates and
100pF.

14. Assumes that 'RCD < 'RCD (max). If 'RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

15. Assumes that 'RCD > ‘RCD (max).

16.1f CAS is low at the falling edge of RAS, Dout will

17.

18.

19.

20.

21.

22.

23.

be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for ‘CPN.

Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference Point only; if '‘RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by 'CAC.

Operation within the 'RAD (max) limit ensures that
fRCD (max) can be met. ‘RAD (max) is specified as a
reference (point only; if ‘RAD is greater than the
specified "RAD (max) limit, then access time is con-
trolled exclusively by 'AA.

Either 'RCH or 'RRH must be satisfied for a READ
cycle

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Von ot VoL.

tWes, tRWD, tAWD and ‘CWD are restrictive
operating parameters in late WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If 'WCS >
'WCS (min) the cycle is an early WRITE cycle and the
data output will remain an open circuit throughout
the entire cycle. If RWD > 'RWD (min), '"AWD >
'AWD (min) and ‘CWD 2 'CWD (min) the cycle is a
READ-WRITE and the data output will contain data
read from the selected cell. If neither of the above
conditions are met the state of data out (at access
time and until CAS goes back to Vin) is indetermi-
nate.

These parameters are referenced to CAS leading
edge in early WRITE cycles and WE leading edge in
late WRITE or READ-WRITE cycles.

A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW.

1-62



MICRON MT4C1024

READ CYCLE

tre
tRAS tre

VIH -
RAS
viL - K-

tesH
tRSH tRRH

tcrp trcD tcas

Vi =
s Mo S 1 L/
trRAD tRAL
tASR tRAH tasc tcaH

ADDR M

Vil - A
trcs tRCH

| -
=\ T T

taa
tRAC
tcac toFF
tez
Dout VoH - OPEN VALID DATA OPEN
VoL -
EARLY-WRITE CYCLE
tRe
tRAS | ‘rP
RRS UM C / -
tesH
tRSH

tcrp trCO tcas

os I f R
tar
trAD tRAL
tASR tRAH tasc tcan
AoDR M ROW Y COLUMN W X ROW
tew 4‘] l
tRWL
T 1
twes ‘:Cc:
twp
w0 T T,
L toHr
" tos ton
on W L wwoosn K /] I
Doyt 33’6: OPEN

DON'T CARE
M UNDEFINED
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MICRON MT4C1024

READ-WRITE CYCLE
READ-MODIFY-WRITE CYCLE
t
'2:«5: . tre
RAS M N ZL }
tesH
tRSH
L ‘tcre treo tcas
ws VMo t i Y
AR
tRAD tRAL
tasr tRAH tasc tcaH
ADDR x:r :m]L ROW mji COLUMN ’W / / i ] / M ROW
t t
tres 'xs ‘gt
tawp twe
LY, e
DS OH
ow i T L/ VLR 2 osw K7
" (RA:C
teac torF
-QCLZ-—
Dout zgf: OPEN XXRTTE VALID DATA B OPEN
PAGE-MODE READ CYCLE
tRASP trp
tesH trc tRsH
terp t tcas tep tcas tep tea teen
. RCD s |
TS v - t k B /) A\
trAD ’ tRAL
tasr || tRAH tasc tean tasc tcan tasc tcaH
ADDR x:'l:‘ X ROW 3 (L COLUMN W ﬁr COLUMN W [ coumn W / /»( ROW
"'-‘ l-'-‘ c ——l b tRRH
v e i e e T e
=\ T w W,
‘:ﬁc ' ‘::A ' t::A
teac toFF teac toFF teac
r—“ -~ | torr

terz = teLz - terz -
Vo - ¥ VALID VALD ¥ VALD Y
Dout g - OPEN DATA L_DATA DATA

OPEN

DON'T CARE
m UNDEFINED
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PAGE-MODE EARLY-WRITE CYCLE

vy —————
RAS M
L - -
tesh tpc tRSH U
tere treD tcas tep teas tep tcas Loteen m
ViH -~
TAS
ViL -j >
. tAR
tRAD tRAL
tasr _| | tRAH tasc tcaH tasc || tcaH tasc || tcan
v -
ADDR VT _@1 ROW E@L COLUMN COLUMN ] ﬁ; COLUMN EW/ //// /@( ROW
tows i towe ] tew ]
— -
- twes tweH twes || twe ' twes || tweH !
twp twp twp
V| Py
wE H /
ViL =
||: twer tRwWL *—!
toHR
! tos ton tos toH tos || ton
Din M / VALID DATA jm VALID DATA m VALID DATA //
ViL -~ K /
VoH -
Doyt ng = OPEN

PAGE-MODE READ-WRITE CYCLE

trasP tRp
RAS le - y ,[ l
it tosH tec tRSH
_ tcre treo tcas tep tcas tep tcas teen
tar
trRAD tRAL
tasr | [ tRAH tasc tcan tasc || tcaH tasc || tcaH
ADDR \\5:[' :m] ROW COLUMN W ///ﬁt COLUMN ’W COLUMN ;W / @( ROW
tRwp tRWL i
tres towe tow towt -
tawp }_t_wrﬁ tawp twp tawD | twe_
towo = 1+ towo = = tewo = f-
w e T ) N/ Y
Ol x:{‘ :W/ R e oaa X7777777777% vauo oata X07777777777 )% vauo onta X0771771777) Wk
']: taa !: :AA ’|= :AA
CPA CPA
tRac
. tc::c | torF teac M_ tcac J -
tolz — torz — terz —
Dot VO oPEN %( DATA ‘—@' BATA ‘—@l BATA Jr— OPEN

DON'T CARE
m UNDEFINED
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RAS ONLY REFRESH CYCLE
(ADDR = A, - Aj; A;and WE = DON'T CARE.)

tre
trAS | trp

T
AS v - N
tcrp
—
AS v -__/
tasr tRAH

v A K /. /X
ADDR ViL ROW P ROW

Vou —
Dout ng = OPEN

NvHa l

CAS-BEFORE-RAS REFRESH CYCLE
(A, - A, and WE = DON'T CARE)

tRAS | trp §
s | S U
tesr teHR
sy /
Dout 53[‘: OPEN

HIDDEN REFRESH CYCLE

(WE = HIGH)
(READ) (REFRESH)
trRAS trp tRAS
- Y )
RS ) 2[ ]&
terp trRed _, tRSH teHr
ViH =
TS v - .
AR
tRAD tRAL
tasR || tRAH tasc || tcaH
soor Y1 T row W coum ) T Wil
taA
tRAC
t
QCAC —~ = torF
cLz
dout ‘\;gr: OPEN———— FTXX0) VALID DATA 3— open —

DON'T CARE
m UNDEFINED
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MT4C1024

ORDER INFORMATION
1 MEG x 1, 100ns in Plastic SOJ

PRODUCT # | | PACKAGE || SPEED
L L
—1—

MT4C1024 DJ -10

The Micron 1 MEG DRAM family is manufactured and
quality controlled in Micron’s modern Boise, Idaho USA
facility using its low power, high performance CMOS

silicon gate process. They are functionally equivalent to
other manufacture's products meeting JEDEC standards.
Several parameters are sampled; however, fuctionality is
consistently assured over a wider power supply, tempera-
ture and refresh range than specified. Each unit receives
accelerated burn-in and several hours of AMBYX™ system
level testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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MICRON

MT4C1025

DRAM

1MEG x 1 DRAM

NIBBLE MODE

FEATURES

¢ Industry standard x1 pin-out, timing, functions and
packages.

High performance CMOS silicon gate process.

Single +5V+10% power supply

Low power, 5mW standby, 175mW active, typical

All inputs, outputs and clocks are fully TTL and
CMOS compatible

512 cycle refresh distributed across 8ms

® Refresh modes: RAS only, CAS before RAS, and

Hidden
e Optional Nibble Mode access cycle

OPTIONS MARKING
¢ Timing
100ns access -10
120ns access -12
150ns access -15
¢ Organization
1MEGx 1 MT4C1025
¢ Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP VA
Plastic SOJ DJ
GENERAL DESCRIPTION

TheMT4C1025isarandomly accessed solid-state memory
containing 1,048,576 bits organized in a x1 configuration.
During READ or WRITE cycles each bit is uniquely ad-
dressed through the 20 address bits which are entered 10
bits (A0-A9) at a time. RAS is used to latch the first 10 bits
and CAS the latter 10 bits. A READ or WRITE cycle is
selected with the WE input. A logic high on WE dictates
READ mode while a logic low on WE dictates WRITE
mode. During a WRITE cycle data in (Din) is latched by the
falling edge of WE or CAS, whichever occurs last. If WE
goes low prior to CAS going low, the output pin(s) remain
open (High Z) until the next CAS cycle. If WE goes low after
data reaches the output pin(s), Dour is activated and
retains the selected cell data as long as CAS remains low
(regardless of WE or RAS). This late WE pulse results in a
READ-WRITE cycle.

Returning RAS and CAS high terminates a memory

PIN ASSIGNMENT (Top View)
MT4C1025 MT4C1025
18 Pin DIP 20 Pin ZIP
pinckt 18P Vs S o oAs
WEO 2 17 3 Dout 3] ves
RASH 3 16 CAS o WE
“TFO 4 150 A9+ ool TR
ads 1apas PC, e NC
aige 13par7 CC At
A207 12PA6 A3
A3C]8 11DAS ™
Vec9 10P A4 A6
A8
MT4C1025
20 Pin SOJ
Din H————281 vss
WE(Q 2 25 1 Dout
RAS( 3 241 CAS
*TF Q4 23 NC
NCO s 221 A9+
DJA
A Q9 180 A8
A1Q 10 170 A7
A2d 16 0 A6
A3 12 150 A5
Vee 0 13 140 A4
*Address not used for RAS only refresh
**TF = Test Function, ground of leave as a no-connect for normal device
operation.

cycleand decreases chip current to a reduced standby level.
Also, the chip is preconditioned for the next cycle during
the RAS high time. Memory cell data is retained in its cor-
rect state by maintaining power and executing any RAS
cycle (READ, WRITE, RAS only, CAS-before-RAS, or
Hidden refresh) so that all 512 combinations of RAS ad-
dresses (A0 -A8) are executed at least every 8ms, regardless
of sequence.

Nibble Mode operation allows faster sequential serial
data operations (READ, WRITE or READ-MODIFY-
WRITE) on up to 4 bits. The first of 4 bits is accessed in the
usual manner with CAS address A9 (nibble MSB) and RAS
address A9 (nibble LSB) selecting on of 4 bits within a
nibble for initial access. By holding RAS low,

CAS can be toggled incrementing the nibble address field

in modulo 4 fashion with wrap around (see below).

CAg RAg r 00 o —l

(0.1) (1.0)
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MICRON MT4C1025

FUNCTIONAL BLOCK DIAGRAM

- ___ NIBBLE MODE
WRITE "——t‘;l > DATA IN
U CAS o BUFFER Din
NO. 2 CLOCK | D
m GENERATOR [, DATA OUT ouT
> TF _ | BUFFER
g L COLUMN [ NIBBLE SELECTOR |
e —
:' N REFRESH ll
A 20— CONTROLLER SENSE AMPLIFIERS
Ai :: T 1/0 GATING
As o— REFRESH
2 6 o—j COUNTER
7 o— DEEnG
A <L T
Az :: L . y z % : MEMORY
AODAESS L T 1 €g %’ ARRAY
j> BUFFERS (10) J 9 o
— NO.1cLoCK | | +—o Ve
RAS o———— GENERATOR I Ve
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE TF tR tC NOTES
Standby H H H GND/NC X X High Impedance
READ L L H GND/NC | ROW | COL | Data Out
WRITE L L L GND/NC | ROW | COL | Data In
(EARLY-WRITE)
READ-WRITE L L H—L—H | GND/NC | ROW | COL | Valid Data Out,
Valid Data In
NIBBLE L H—-L—H H GND/NC | ROW | COL | Valid Data Out,
READ Valid Data Out
NIBBLE L H—-L—H L GND/NC | ROW | COL | Valid Data In,
WRITE Valid Data In
NIBBLE L H—L—H | H—=L—H | GND/NC [ ROW | COL | Valid Data Out,
READ-WRITE Valid Data In
RAS ONLY L H H GND/NC | ROW | n/a High Impedance
REFRESH ;
HIDDEN L—H—-L L H GND/NC | ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H—-L L H GND/NC X X High Impedance
RAS REFRESH
TEST L L H H ROW | COL | Data Out,
FUNCTION Test Funtion Mode
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MICRON MT4C1025

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss.......... -1.0V to +7.0V
Operating Temperature, Ta(Ambient) .......... 0°C to +70°C
Storage Temperature (Ceramic) -65°C to +150°C
Storage Temperature (Plastic) ... ....-55°C to +150°C
Power Dissipation ...........c.ccooiiiiiieiiciiciccce 1 Watt
Short Circuit Output Current .........cccoovveieeiiieennnan 50mA

DC ELECTRICAL CHARACTERISTICS
(Notes : 1,3,4,6,7) (0°C <T, <70°C = 5.0V + 10%)

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
OPERATING CURRENT lcct 50 mA 3,4
(RAS and CAS = Cycling: trRc = tRC(MIN))
OPERATING CURRENT: NIBBLE MODE lcc2 50 mA 3,4
(RAS = ViL, CAS = Cycling: trc = tPc(MIN))
STANDBY CURRENT: TTL INPUT LEVELS lccs 4 mA
Power supply standby current (RAS = CAS = ViH
after 8 RAS cycles min.)
STANDBY CURRENT: CMOS INPUT LEVELS Icca 1 mA
Power supply standby current (RAS = CAS = Vcc -0.2V
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2V)
REFRESH CURRENT: RAS ONLY lces 35 mA 3
(RAS = Cycling: CAS = Vin)
REFRESH CURRENT: CAS-before-RAS lccs 35 mA 3,5
(RAS and CAS = Cycling)
INPUT LEAKAGE CURRENT
(any input (OV < VIN € Vcc), [ -10 10 uA
all other pins not under test = 0 volts)
OUTPUT LEAKAGE CURRENT
(Dourt is disabled, 0V < Vourt < Vcc) loz -10 10 uA
OUTPUT LEVELS
Output High voltage (lout = -5mA) VoH 2.4 Vv 1
Output Low voltage (lout = 5mA) Vou 0.4 \"
RECOMMENDED DC OPERATING CONDITIONS
(0°C < TA <70°C)
PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \ 1
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+1 \ 1
Input Low (Logic 0) Voltage, All Inputs Vi -1.0 | 08 % 1

O
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MICRON MT4C1025

CAPACITANCE
PARAMETER SYMBOL | MIN MAX | UNITS | NOTES
Input Capacitance (Ao-Ag), Din Cn 5 pF 2
Input Capacitance RAS, CAS, WE Ci2 7 pF 2
Output Capacitance Dout Co 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11,12, 13) (0°C < T, < +70°C, Vcc = 5.0V + 10%)

A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time 'Rc 190 220 260 ns
READ-MODIFY-WRITE cycle time ‘RWC 220 255 295 ns

Access time from RAS '‘RAC 100 120 150 ns 14
Access time from CAS 'cAC 25 30 45 ns 15
Access time from column address ‘aA 50 60 70 ns

Access time from CAS precharge 'cPA 50 65 75 ns

RAS pulse width 'RAS 100 10,000 120 10,000 150 10,000 ns

RAS hold time 'RSH 25 30 45 ns

RAS precharge time 'Rp 80 90 100 ns

CAS pulse width ‘cas 25 10,000 30 10,000 45 10,000 ns

TAS hold time 'csH 100 120 150 ns

‘CAS precharge time 'CPN 15 20 25 ns 16
RAS to CAS delay time RcD 10 75 15 90 15 105 ns 17
CAS to RAS precharge time 'crP 10 10 10 ns

Row address set-up time ‘ASR 0 0 0 ns

Row address hold time 'RAH 10 15 15 ns

RAS to column 'RAD 10 50 15 60 15 70 ns 18
address delay time

Column address set-up time 'ASC 0 0 0 ns

Column address hold time 'CAH 15 20 25 ns

Column address hold time AR 60 70 80 ns
(referenced to RAS)

Column address to 'RAL 50 60 70 ns

RAS lead time

Read command set-up time 'Rcs 0 0 0 ns

Read command hold time 'RCH 0 0 0 ns 19
(referenced to CAS)

Read commancﬂd time 'RRH 0 0 0 ns 19
(referenced to RAS)

‘CAS to output in low-Z ‘oLz 5 5 5 ns

Output buffer turn-off delay 'OFF 0 25 0 25 0 30 ns 20
WE command set-up time 'wcs 0 0 0 ns 21
Write command hold time 'WCH 20 25 30 ns

Write command hold time ‘WCR 70 80 90 ns
(referenced to RAS)

Write command pulse width wp 20 25 30 ns

1-72



MICRON

MT4C1025

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8, 9,10, 11, 12, 13) (0°C < TA < +70°C, Vce = 5.0V £ 10%)

to CAS lead time

A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Write command to RAS lead time 'RWL 25 30 35 ns

Write command to CAS lead time ‘cwL 25 30 35 ns

Data-in set-up time 'ps 0 0 0 ns 22
Data-in hold time 'DH 15 20 25 ns 22
Data-in hold time 'DHR 70 80 90 ns
(referenced to RAS)

RAS to WE delay time ‘RWD 90 110 135 ns 21
Colu_mn address ‘AWD 50 60 70 ns 21
to WE delay time

CAS to WE delay time ‘cwb 35 40 45 ns 21
Transition time (rise or fall) T 3 50 3 50 3 50 ns 9,10
Refresh Period (512 cycles) 'REF 8 8 8 ms

RAS to CAS Precharge time 'RPC 0 0 0 ns

TAS set-up time 'csr 10 10 10 ns 5
(CAS-before-RAS refresh)

CAS hold time 'CHR 20 25 30 ns 5
(CAS-before-RAS refresh)

RAS pulse width (NIBBLE MODE) 'RASN 100 100,000 120 100,000 150 100,000 ns

CAS precharge time (NIBBLE MODE) NcP 10 15 20 ns

NIBBLE MODE cycle time 'NC 35 40 45 ns

NIBBLE MODE READ-MODIFY- INRWC 55 65 75 ns

WRITE cycle time

NIBBLE MODE access time INCAC 15 20 25 ns 15
NIBBLE MODE pulse width NCAS 15 20 25 ns

NIBBLE MODE CAS precharge time | 'NCP 10 10 10 ns

NIBBLE MODE RAS hold time NRSH 15 20 25 ns

NIBBLE MODE CAS to WRITE 'NewD 15 20 25 ns

delay time

NIBBLE MODE WRITE command NRWL 15 20 25 ns

to RAS lead time

NIBBLE MODE WRITE command NewL 15 20 25 ns
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MICRON

MT4C1025

NOTES

1.
2.

10.

11.

12.

13.

14.

15.
16.

All voltages referenced to Vss.

This parameter is sampled. Capacitance is calculated
from the equation C = JAt with AV = 3V and Vcc =
5V. AV

Icc is dependent on cycle rates.

Icc is dependent on output loading. Specified values
are obtained the output open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

An initial pause of 100us is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 8ms refresh require-
ment is exceeded.

AC characteristics assume 'T = 5ns.

Vin min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and VIL (or between ViL
and Vin).

In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vin and
VIL (or between ViL and Vin) in a monotonic manner.
If CAS = Vi, data output is high impedance.

1f CAS = V11, data output may contain data from the
last valid READ cycle.

Measured with a load equivalent to 2 TTL gates and
100pF.

Assumes that 'RCD < 'RCD (max). If 'RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

Assumes that 'RCD > 'RCD (max).

If CAS'is low at the falling edge of RAS, Dour will

17.

18.

19.

20.

21.

22.

23.

be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for ‘CPN.

Operation within the ‘RCD (max) limit ensures that
'RAC (max) can be met. ‘RCD (max) is specified as a
reference Foint only; if 'RCD is greater than the
specified "'RCD (max) limit, then access time is con-
trolled exclusively by 'CAC.

Operation within the ‘RAD (max) limit ensures that
'RCD (max) can be met. ‘RAD (max) is specified as a
reference rpoint only; if ‘RAD is greater than the
specified 'RAD (max) limit, then access time is con-
trolled exclusively by 'AA.

Either 'RCH or ‘RRH must be satisfied for a READ
cycle.

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to VoH ot VoL.

WS, 'RWD, YAWD and 'CWD are restrictive
operating parameters in late WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If tWes >
'WCS (min) the cycle is an early WRITE cycle and the
data output will remain an open circuit throughout
the entire cycle. If ‘RWD > 'RWD (min), 'AWD >
FAWD (min) and 'CWD > 'CWD (min) the cycle is a
READ-WRITE and the data output will contain data
read from the selected cell. If neither of the above
conditions are met the state of data out (at access
time and until CAS goes back to Vin) is indetermi-
nate.

These parameters are referenced to CAS leading
edge in early WRITE cycles and WE leading edge in
late WRITE or READ-WRITE cycles.

A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW.
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MICRON MT4C1025

ADDR

Dout

READ CYCLE

trRAS trp
o . ( )
Vie -
=y
tRSH tRRH
tcre trRco tcas >
- / =
Vi -_j
tAR
tRAD tRAL
tAsR tRAH tasc tcan
M :m] ROW COLUMN W&i ROW
IL k. A
i tres tRCH
W T
Vit = /
taa
trac
teac torr

terz
X
lgggggi VALID DATA )— OPEN

xg'L": OPEN
EARLY-WRITE CYCLE

e ){:

V tcrp tReD teas
o
ADOR z:’: :mr ROW jm COLUMN ‘ W JJ / m( ROW
w T WL/ : T, T,
oW T wo 0w XTI

A

VoH -
Pout g -

OPEN

DON'T CARE
m UNDEFINED
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MICRON MT4C1025

CAS

ADDR

Oout

55 ViH—

READ-WRITE CYCLE
READ-MODIFY-WRITE CYCLE
t
tons i
o - \ / N
CSH
tRSH
|I= terp treo tcas
ws W f ‘ R )
AR
tRAD tRAL
tasr tRAH tasc tcaH
ADDR z:[‘ :m ROW WL COLUMN t WW [C WL/ WW%( ROW
RWD
tres tewp W—.}
tawo twe
= v ne
DS OH
ow W LTI //////////LMWW iy, SIS
- h::c
tcac torF
~lteiz -
Doyt xg*,_‘: OPEN € VALID DATA —— oPen
NIBBLE MODE READ CYCLE
Vs X f (-
‘ 1esH | 'NRSH
A | Y g l__ﬁ \_
ILAﬂL 'RAH |lasc_|| fean INCP INCAS
i) WP ) / /L e
. ' 'RCS l .—.‘——.I
VOH-. OPEN - VAUD Y VALD [ VAID \
Vo= DATA DATA ~_DATA /
toe top 'oe ‘oo
iz \ \ / X / /L

m DON'T CARE
@ UNDEFINED

1

-76



MICRON MT4C1025

NIBBLE MODE EARLY-WRITE CYCLE

XM K =

TAS x:f: A k! = ,b tner R ,l—i—_yf

soon VTR adatss ) / SRS K,

= S, Wi, , ! T,
‘ T cwL

Oy g:r:mf VALID DATA WL VALID DATA j’ ////////////// ///////////////

| |_tos [[._ton s __[[._ton
! ] Il

NIBBLE MODE READ-WRITE CYCLE

'RASN tRP

AR VMo X "AR Z‘[—i\;
s Vs - Tls B ?i I
¥:r-7//////////////////////»£}éii’3| $531/) ) )
Sour Vg TR *ALAC>—< T b

/] oont care
m UNDEFINED

1-77



MICRON MT4C1025

RAS ONLY REFRESH CYCLE
(ADDR = A, - Aj; A, and WE = DON'T CARE.)

tRe
tRas \ tre

M }_—_—
RAS viL - X L__
tcrRP
Viy =
GRS vy -j
tAsR tRAH

SR, Row Kmmmmmggmgn Row

Vo —
Dout ng = OPEN

Wvda l

CAS-BEFORE-RAS REFRESH CYCLE
(A, - Ay and WE = DON'T CARE)

tRAS L trp "
RAS ViH - y }i
A

Vie - X #

tesr tcHrR
Ss VH T
AS v -

VoH -
Doyt vgf— OPEN

HIDDEN REFRESH CYCLE

(READ) (REFRESH)
tRAS tre tRAS
Vi =
RES i C
terp tRep | tRSH teHr
VIH - S
A
S v - e /|
AR
tRAD tRAL
tasr_||_tRAH tasc || tcan
ADOR x:’]:' :m ROW S coLumn / W ) 7]
t
AA
tRAC
teac o

tez
0 OPEN VALID DATA OPEN —
oUT vg - €| L

DON'T CARE
m UNDEFINED
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MICRON

MT4C1025

ORDER INFORMATION

1 MEG x 1, 100ns in Plastic SOJ

PRODUCT #

PACKAGE || SPEED

=
L
MT4C1025 DJ -10

The Micron 1 MEG DRAM family is manufactured and
quality controlled in Micron’s modern Boise, Idaho USA
facility using its low power, high performance CMOS

silicon gate process. They are functionally equivalent to
other manufacture's products meeting JEDEC standards.
Several parameters are sampled; however, fuctionality is
consistently assured over a wider power supply, tempera-
ture and refresh range than specified. Each unit receives
accelerated burn-in and several hours of AMBYX™ system
level testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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MICRON

MT4C1026

DRAM

1IMEG x 1 DRAM

STATIC COLUMN

FEATURES

e Industry standard x1 pin-out, timing, functions and
packages

High performance CMOS silicon gate process

Single +5V+10% power supply

Low power, 5mW standby, 175mW active, typical

All inputs, outputs and clocks are fully TTL and
CMOS compatible

512 cycle refresh distributed across 8ms

® Refresh modes: RAS only, CAS before RAS, and

Hidden
¢ Optional Static Column access cycle

OPTIONS MARKING
¢ Timing
100ns access -10
120ns access -12
150ns access -15
¢ Organization
1MEGx 1 MT4C1026
¢ Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP Z
Plastic SOJ DJ
GENERAL DESCRIPTION

TheMT4C1026isarandomly accessed solid-state memory
containing 1,048,576 bits organized in a x1 configuration.
During READ or WRITE cycles each bit is uniquely ad-
dressed through the 20 address bits which are entered 10
bits (A0-A9) at a time. RAS is used to latch the first 10 bits
and CAS the latter 10 bits. A READ or WRITE cycle is
selected with the WE input. A logic high on WE dictates
READ mode while a logic low on WE dictates WRITE
mode. During a WRITE cycle data in (Din) is latched by the
falling edge of WE or CAS, whichever occurs last. If WE
goes low prior to CAS going low, the output pin(s) remain
open (High Z) until the next CAS cycle. If WE goes low after
data reaches the output pin(s), DouT is activated and
retains the selected cell data as long as CAS remains low
(regardless of WE or RAS). This late WE pulse results in a
READ-WRITE cycle.

Returning RAS and CAS high terminates a memory

PIN ASSIGNMENT (Top View)

MT4C1026 MT4C1026
18 Pin DIP 20 Pin ZIP
DinCler 18 P vss el
WEC2 17 0 Dout
RASC 3 16 CAS
“TFOQ4 15D A9*
ads 1wpas PC
agde 13pa7 CC
A207 12DA6
A308 1PAS
Vecd9 10PAs
MT4C1026
20 Pin SOJ
Din 26
WEQ
RAS [
“TF
NC (
DJA
A0
A1 (
a2d
A3

Vee O

*Address not used for RAS only refresh
**TF = Test Function, ground of leave as a no-connect for normal device
operation.

cycleand decreases chip current to a reduced standby level.
Also, the chip is preconditioned for the next cycle during
the RAS high time. Memory cell data is retained in its cor-
rect state by maintaining power and executing any RAS
cycle (READ, WRITE, RAS only, CAS-before-RAS, or
Hidden refresh) so that all 512 combinations of RAS ad-
dresses (A0-A8) are executed at least every 8ms, regardless
of sequence.

STATIC COLUMN operations allows faster data
operations (READ, WRITE or READ-MODIFY-WRITE)
within a row address (A0 -A9) defined page boundary. The
STATIC COLUMN cycle is always initiated with a row
address strobed in by RAS followed by a column address
strobed in by CAS. By holding RAS low, the column
address may be toggled strobing in different column ad-

dresses executing faster memory cycles. Returning RAS

high terminates the STATIC COLUMN operation.
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MICRON MT4C1026

WRITE
CAS o—————:j )

TF

FUNCTIONAL BLOCK DIAGRAM
STATIC COLUMN

DATA IN

NO. 2 CLOCK
GENERATOR

[}

BUFFER

DATA OUT

BUFFER

le————0 D)y

———"°Doyr

il N==
10 ADDRESS 10 COLUMN
Agol B! BUFFER (10) I ; N DELODER
2‘ o] REFRESH Ee
A 20— CONTROLLER SENSE AMPLIFIERS
30— 1/0 GATING
Ay o— ¥
As o—f REFRESH
:6 o— COUNTER
7 O——
Ag o—I| 4 9 9 !
AZ o— L, z % : MEMORY
AD?)CF)i‘gSS L1 1 cg 5;2 ARRAY
j:> BUFFERS (10) J 9 :> el
s | hoaeos | P
sSs
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE TF tR tC NOTES
Standby H H H GND/NC X X High Impedance
READ L L H GND/NC | ROW COL | Data Out
WRITE L L L GND/NC | ROW COL |Dataln
(EARLY-WRITE)
READ-WRITE L L H—L—H | GND/NC | ROW COL | Valid Data Out,
Valid Data In
STATIC COLUMN L L H GND/NC | ROW | COL—COL | Valid Data Out,
READ Valid Data Out
STATIC COLUMN L L L GND/NC | ROW | COL—COL | Valid Data In,
WRITE Valid Data Out
STATIC COLUMN L L H—L—H | GND/NC | ROW |COL—COL| Valid Data Out,
READ-WRITE Valid Data in
RAS ONLY L H H GND/NC | ROW n/a High Impedance
REFRESH
HIDDEN L—H—L L H GND/NC | ROW COL | Valid Data Out
REFRESH
CAS-BEFORE- H—L L H GND/NC X X High Impedance
RAS REFRESH
TEST L L H H ROW COL | Data Out,
FUNCTION Test Funtion Mode
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MICRON MT4C1026

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss.... -1.0V to +7.0V
Operating Temperature, Ta(Ambient) .......... 0°C to +70°C
Storage Temperature (Ceramic) ................ -65°C to +150°C
Storage Temperature (Plastic) ...... .-55°C to +150°C
Power DisSipation .......c..cccooinieiiniiniiiiis 1 Watt
Short Circuit Output Current ........cccocovveeeiiviiecnnnn 50mA

DC ELECTRICAL CHARACTERISTICS
(Notes : 1,3,4,6,7) (0°C < T, <70°C = 5.0V £ 10%)

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
OPERATING CURRENT Icct 50 mA 3,4
(RAS and CAS = Cycling: trc = tRc(MIN))
OPERATING CURRENT: STATIC COLUMN lccz 50 mA 3,4
(RAS = ViL, CAS = Vi, Addr. = Cycling, tPc = tPc(MIN))
STANDBY CURRENT: TTL INPUT LEVELS lccs 2 mA
Power supply standby current (RAS = CAS = Vi
after 8 RAS cycles min.)
STANDBY CURRENT: CMOS INPUT LEVELS Icca 1 mA
Power supply standby current (RAS = CAS = Vcc -0.2V
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2V)
REFRESH CURRENT: RAS ONLY Iccs 35 mA 3
(RAS = Cycling: CAS = ViH)
REFRESH CURRENT: CAS-before-RAS lcce 35 mA 3,5
(RAS and CAS = Cycling)
INPUT LEAKAGE CURRENT
(any input (OV < VIN £ Vcc), I -10 10 uA
all other pins not under test = 0 volts)
OUTPUT LEAKAGE CURRENT
(Dourt is disabled, OV < Vourt < Vcc) loz -10 10 uA
OUTPUT LEVELS
Output High voltage (lout = -5mA) Vo 2.4 \ 1
Output Low voltage (lout = 5mA) VoL 0.4 \Y
RECOMMENDED DC OPERATING CONDITIONS
(0°C< TA <70°C) '
PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vcec 45 5.5 \ 1
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+1 \" 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \" 1
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MICRON MT4C1026

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-Ag), DIN Cn. 5 pF 2
Input Capacitance RAS, CAS, WE Ci 7 pF 2
Output Capacitance Dout Co 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < TA <+70°C, Vcc = 5.0V = 10%)

A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time 'RC 190 220 260 ns
READ-MODIFY-WRITE cycle time 'RWC 220 255 295 ns

Access time from RAS 'RAC 100 120 150 ns 14
Access time from CAS 'cAC 25 30 45 ns 15
Access time from column address 'AA 50 60 70 ns

Access time from CAS precharge ‘cpa 50 65 75 ns

RAS pulse width 'RAS 100 10,000 120 10,000 150 10,000 ns

RAS hold time 'RSH 25 30 45 ns

RAS precharge time 'RP 80 90 100 ns

CAS pulse width cas 25 10,000 30 10,000 45 10,000 ns

TAS hold time csH 100 120 150 ns

TAS precharge time 'CPN 15 20 25 ns 16
RAS to CAS delay time 'RCD 10 75 15 920 15 105 ns 17
CAS to RAS precharge time 'CRP 10 10 10 ns

Row address set-up time ‘ASR 0 0 0 ns

Row address hold time 'RAH 10 15 15 ns

RAS to column 'RAD 10 50 15 60 15 70 ns 18
address delay time

Column address set-up time 'ASC 0 0 0 ns

Column address hold time 'CAH 15 20 25 ns

Column address hold time 'AR 60 70 80 ns
(referenced to RAS)

Column address to 'RAL 50 60 70 ns

RAS lead time

Read command set-up time '‘RCS 0 0 0 ns

Read command hold time 'RCH 0 0 0 ns 19
(referenced to CAS)

Read command hold time 'RRH 0 0 0 ns 19
(referenced to RAS)

TAS to output in low-Z ‘oLz 5 5 5 ns

Qutput buffer turn-off delay loFF 0 25 0 25 0 30 ns 20
WE command set-up time 'wcs 0 0 0 ns 21
Write command hold time 'WCH 20 25 30 ns

Write command hold time ‘WCR 70 80 90 ns
(referenced to RAS)
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MICRON MT4C1026

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 6, 7, 8,9,10, 11,12, 13) (0°C < TA < +70°C, Vce = 5.0V + 10%) -
A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES U
Write command pulse width 'wp 20 25 30 ns m
Write command to RAS lead time 'RWL 25 30 35 ns >
Write command to CAS lead time ‘cwL 25 30 35 ns

Data-in set-up time 'Ds 0 0 0 ns 22 g
Data-in hold time 'DH 15 20 25 ns 22

Data-in hold time 'DHR 70 80 90 ns

(referenced to RAS)

RAS to WE delay time 'RWD 90 110 135 ns 21

Column address 'AWD 50 60 70 ns 21

to WE delay time

TAS to WE delay time 'cwD 25 30 45 ns 21

Transition time (rise or fall) T 3 50 3 50 3 50 ns 9 10

Refresh Period (512 cycles) 'REF 8 8 8 ms

RAS to CAS Precharge time 'RPC 0 0 0 ns

CAS set-up time {csR 10 10 10 ns 5
(CAS-before-RAS refresh)

TAS hold time 'CHR 20 25 30 ns 5

(CAS-before-RAS refresh)
RAS pulse width (STATIC COLUMN) 'RASC 100 100,000 120 100,000 150 100,000 ns

TAS precharge time (STATIC COLUMN) _ 'cP 10 15 20 ns
STATIC COLUMN MODE 'sc 55 65 75 ns
cycle time

STATIC COLUMN READ-MODIFY- | 'SRMW 135 160 185 ns
WRITE cycle time

Last Write to column address L WAD 25 45 30 55 45 70 ns
delay time

Last Write to column address tAHLW 95 115 135 ns
hold time

RAS hold time referenced to OE 'ROH 20 20 20 ns
Qutput data hold time from 'AOH 5 — 5 — 5 — ns
column address

Output data enable from Write ‘ow — 25 — 25 — 25 ns
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NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Capacitance is calculated
from the equation C = JAt with AV =3V and Vcc =
5V. AV

3. lIccis dependent on cycle rates.

4. Icc is dependent on output loading. Specified values
are obtained the output open.

5. Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. An initial pause of 100us is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 8ms refresh require-
ment is exceeded.

8. AC characteristics assume 'T = 5ns.

9. Vid min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and ViL (or between ViL
and Vin).

10. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vin and
VIL (or between ViL and ViH) in a monotonic manner.

11. If CAS = ViH, data output is high impedance.

12.1If CAS = Vi, data output may contain data from the
last valid READ cycle.

13. Measured with a load equivalent to 2 TTL gates and
100pF.

14. Assumes that 'RCD < 'RCD (max). If 'RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

15. Assumes that 'RCD = 'RCD (max).

16. If CAS is low at the falling edge of RAS, Dout will

17.

18.

19.

20.

21.

22.

23.

be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for 'CPN.

Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference Point only; if ‘RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by 'CAC.

Operation within the 'RAD (max) limit ensures that
'RCD (max) can be met. 'RAD (max) is specified as a
reference fpoint only; if 'RAD is greater than the
specified 'RAD (max) limit, then access time is con-
trolled exclusively by 'AA.

Either 'RCH or 'RRH must be satisfied for a READ
cycle.

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Von ot VoL.

tWCS, tRWD, YAWD and 'CWD are restrictive
operating parameters in late WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If ‘WCS >
'WCS (min) the cycle is an early WRITE cycle and the
data output will remain an open circuit throughout
the entire cycle. If '‘RWD > 'RWD (min), 'AWD >
'AWD (min) and 'CWD > 'CWD (min) the cycle is a
READ-WRITE and the data output will contain data
read from the selected cell. If neither of the above
conditions are met the state of data out (at access
time and until CAS goes back to ViH) is indetermi-
nate.

These parameters are referenced to CAS leading
edge in early WRITE cycles and WE leading edge in
late WRITE or READ-WRITE cycles.

A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW.
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READ CYCLE

tre
tRAS trP
Vg =
RS o h
tesH
tRSH tRRH
| terp trRCD tcas
. —
[V i
Vie -
taR
tRAD tRAL
tasr tRAH tasc tcaH

Vig 3
O/, ST, S T =
' trCs tRCH

= T

taa
tRAC
tcac tore
tez
VoH - o
Dout vq = OPEN VALID DATA OPEN

EARLY-WRITE CYCLE

tRe
trRAS tre
v = - —y
RAS IH
Vi -
tesH
tRSH
tcre trRCD tcas
v =
cas M Fd
L - A
taR
trRAD tRAL
tasr trRAH tasc tcan
v - ' Ty
ADDR M _m ROW coLUMN X ROW
IL 1
tow |
trRwL -
twer '
twes twen
twp
Vv -
we IH
ViL
R toHR
T
tos toH
vV iy —y
on vy VALID DATA W ‘ Z? 537
VoH -
Dout ng = OPEN

DON'T CARE
m UNDEFINED
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READ-WRITE CYCLE

- READ-MODIFY-WRITE CYCLE
tRwe
U trRas L tre
m Vi = ;L y
RS v - N b \____
> tesH
tRsH
g L ‘tcrp treo tcas
s YW - Jf !R
ViL - .
AR
tRAD trRAL
tasr tRAH tasc tcaH
ADDR x:r :m ROW ;mf COLUMN X row
trRwp towe
trcs tewo tRwL
tawp twp
Vi -
= %t T T n
DS DH

N z:‘: :/W// ﬁﬂ / / @(i VALID DATA W

taa
' trac
teac torF
— t o
cLz
Dout xg[' = OPEN VALID DATA —— opEN

STATIC COLUMN READ CYCLE

{RASC

tRP
RAS UH— X
RAS Vit — Jq
tAS | tRAH | sc | sc tRAL |'ar
-— | |
ADDR VIH ROW COLUMN ~ ¢ COLUMN 4 COLUMN
ViL ADDRESS ADDRESS __£x ADDRESS ADDRESS
tRAD tasc tCRP !
tAR tcp 1RSH
— Vi< T ' tesc tesc W
cas vz RCS | N—" | tRRM
{Rco | l t T L tReS tRCH
CSH S
. e — -]
WE VI
we VnL—/M(W l’CAC I tAA W AL
'an toF7 tcac LOFF,
-—_—
tRAC tAOH

D, VOH-, VALD VALID VALD %
OUT Vo= DATA # DATA _F1 DATA
toLz| | R
~| |tcz

m DON'T CARE
m UNDEFINED
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STATIC COLUMN EARLY-WRITE CYCLE

tRASC tRp
L AP
RS Vi N * N
'ASR, 'RAH [ tCAH tRAL
woon VA aaiaes MDA S WX o Y S X,
TAWR tcp tRSH
tRAD tAsC —I .ﬂ" tCRP
v 1SS '
CAS vz tAcD S‘_*( N/
'sc__, towL
= s —
Al ws [ iw R
WE Y B v b/
g ML
oS,
R R ) R S I

VoH—.
Pour V3= OPEN

STATIC COLUMN READ-WRITE CYCLE

tRASC tRp
RAS ¥:f:—’ 'RAL N
‘ASR 'RAH tcan 'RWL
~— = !
Sl WSS 1/ S Y W
| thAD  —| |eASC tsRWC tcRP
=5 wc: ‘ncs fcwo 'LwAD 7
'RWD s tawD o
WE YK 7 twp |
WE yHT T ‘k; /
| 'RCD ‘os||_ toH
Ll [ 7
o W e '/////////////// T
tcac twoH | taa
'RAC = 'ALW‘ 2 oW toFF
L}
Pour ¥8[‘: | :%‘L VALID DATA ;m] VALID DATA )WZ;E—
L2 | |-

DON'T CARE
w UNDEFINED
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RAS ONLY REFRESH CYCLE
(ADDR = A - Ag; Agand WE = DON'T CARE )

trRe

trRAS o trP

ms UMy ;——

viL -

tcrp

o W7

tASR tRAH
ADOR z:’l_* K m ROW ;W M ROW
Dout xg[': OPEN
CAS-BEFORE-RAS REFRESH CYCLE
(A0 - A9 and WE = DON'T CARE)
tras A trp .
s Y, —

oo N /

tesr tCHR

VoH —

Dout vg = OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)
(READ) (REFRESH)
tRAS L RP tRAS
Vg Ty
RAS viL - K
. ‘tcre tReD _, tRSH teHR
Vi =
s U —
tar
tRAD tRAL
tasR_||_tRAH tasc |[_tcaH
R ST . I T
taa
trAC
tcac [ R
torz OFF
Dout xgt’ - OPEN VALID DATA b— OPEN —

DON'T CARE
m UNDEFINED
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ORDER INFORMATION

1MEG x 1, 100ns in Plastic SOJ

PRODUCT #

PACKAGE|| SPEED

e
JUN SN
MT4C1026 DJ -10

The Micron 1 MEG DRAM family is manufactured and
quality controlled in Micron’s modern Boise, Idaho USA
facility using its low power, high performance CMOS

silicon gate process. They are functionally equivalent to
other manufacture's products meeting JEDEC standards.
Several parameters are sampled; however, fuctionality is
consistently assured over a wider power supply, tempera-
ture and refresh range than specified. Each unit receives
accelerated burn-in and several hours of AMBYX™ system
level testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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MICRON

PRELIMINARY
MT4C4001

DRAM

1MEG x 4 DRAM

FAST PAGE MODE

FEATURES

¢ Industry standard x4 pin-out, timing, functions and
packages

High performance CMOS silicon gate process

Single +5V+10% power supply

Low power, 5mW standby, 175mW active, typical

All inputs, outputs and clocks are fully TTL and
CMOS compatible

1024 cycle refresh distributed across 16ms

* Refresh modes: RAS only, CAS before RAS, and

Hidden
* Optional Fast Page Mode access cycle

OPTIONS MARKING
¢ Timing
80ns access -8
100ns access -10
120ns access -12
* Organization
1 MEG x 4 MT4C4001
* Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP Z
Plastic SOJ DJ
GENERAL DESCRIPTION

TheMT4C4001 isarandomly accessed solid-state memory
containing 4,194,304 bits organized in a x4 configuration.
During READ or WRITE cycles each bit is uniquely ad-
dressed through the 20 address bits which are entered 10
bits (A0-A9) at a time. RAS is used to latch the first 10 bits
and CAS the latter 10 bits. A READ or WRITE cycle is
selected with the WE input. A logic high on WE dictates
READ mode while a logic low on WE dictates WRITE
mode. During a WRITE cycle data in (Din) is latched by the
falling edge of WE or CAS, whichever occurs last. If WE
goes low prior to CAS going low, the output pin(s) remain
open (High Z) until the next CAS cycle. If WE goes low after
data reaches the output pin(s), Dout is activated and
retains the selected cell data as long as CAS remains low
(regardless of WE or RAS). This late WE pulse results in a
READ-WRITE cycle. The 4 data inputs and 4 data outputs
are routed through 4 pins using common I/O and pin

PIN ASSIGNMENT (Top View)
MT4C4001 MT4C4001
20 Pin DIP 20 Pin ZIP
DQ1Ce1 20 P Vss OB 31 ol oas
DQ20 2 19[1DQ4 DG3 L33\l baa
WEC3 180DQ3 Voo 199 50 pan
RASC 4 17[1CTAS D92 |17 ol WE
A5 16 pOE RAS 519 5ol g
A0 6 150A8 AD IS el
AI07 1apA7 A2 |E3 el pg
Azg 8 130A6 vee L8 el e
A309 120A5 AS T ol ne
Vcc|:1 10 1NpA AT [E19 ] e
MT4C4001
20 Pin SOJ
pQ1 H——2 1 vss
D@24 2 25 [1 DQ4
WE(Q 3 24P DQ3
RAS [ 4 231 TAS
A5 22 O
A9 180 A8
A1 Q10 170 A7
A0 N 16 P A6
A3 12 150 A5
Vec 0 13 140 M
NOTE: Package Information To Be Determined.

direction is controlled by WE and OE.

Returning RAS and CAS high terminates a memory
cycleand decreases chip current to areduced standby level.
Also, the chip is preconditioned for the next cycle during
the RAS high time. Memory cell data is retained in its cor-
rect state by maintaining power and executing any R RAS
cycle (READ, WRITE, RAS only, CAS-before-RAS, or
Hidden refresh) so that all 1024 combinations of RAS
addresses (A0-A9) are executed at least every 8ms, regard-
less of sequence.

PAGE MODE operations allows faster data operations
(READ, WRITE or READ-MODIFY-WRITE) within a row
address (A0-A9) defined pageboundary. The PAGEMODE
cycle is always initiated with a row address strobed in by
RAS followed by a column address strobed in by CAS. By
holding RAS low, CAS may be toggled strobing in differ-
ent column addresses executing faster memory cycles.
Returning RAShigh terminatesthe PAGEMODE operation.
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FUNCTIONAL BLOCK DIAGRAM

] FAST PAGE MODE
() COLUMN ADDRESS
ROW ADDRESS ~ RAS >
> STROBE INPUT O |—ﬁ|3 +—0O Vs (V)
g WRITE CONTROL WE
INPUT AgAg n ‘w «—{(Q CE
A y »| COLUMN DECODER [+ | | £
o)L |l | L——— =it
A ¥ Y 33 ____ Dioo
2 SENSE REFRESH
A, Z5 v | AweUIFIER & 10 cONTROL — Dio 1
:I.I.
ADDRESS INPUTS A 22U |« ™ —— Dvo2
Ag S w
A <%lA, | S | Ll 5¢ {— Drvo3
6 = A = MEMORY ki
A; IR EERE ARRAY Si
Ag c< = || (4194304 BITS) 3@
A :
- ° = L
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE tR tC : NOTES
Standby H H H X X High Impedance
READ L L H ROW | COL | Data Out
WRITE L L L ROW | COL | Dataln
(EARLY-WRITE)
READ-WRITE L L H—L—H | ROW | COL | Valid Data Out,
Valid Data In
PAGE MODE L H—L—H H ROW | COL | Valid Data Out,
READ Valid Data Out
PAGE MODE L H—L—H L ROW | COL | Valid Data In,
WRITE Valid Data In
PAGE MODE L H—L—H | H—L—H | ROW | COL | Valid Data Out,
READ-WRITE Valid Data In
RAS ONLY L H H ROW | n/a High Impedance
REFRESH
HIDDEN L—H-L L H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- | H-L L H X X | High Impedance
RAS REFRESH
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PRELIMINARY

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss........ -1.0V to +7.0V
Operating Temperature, Ta(Ambient)
Storage Temperature (Ceramic)
Storage Temperature (Plastic)
Power Dissipation ............ccccoooiiniiiniccniicnnnne
Short Circuit Output Current

DC ELECTRICAL CHARACTERISTICS
(Notes : 1,3, 4,6,7) (0°C < T, < 70°C, = 5.0V + 10%)

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
OPERATING CURRENT lcct 60 mA 3,4
(RAS and CAS = Cycling: tRc = tRC(MIN))
OPERATING CURRENT: FAST PAGE MODE lccz 50 mA 3,4
(RAS = ViL, CAS = Cycling: trc = tPc(MIN))
STANDBY CURRENT: TTL INPUT LEVELS lcca 2 mA
Power supply standby current (RAS = CAS = Vin
after 8 RAS cycles min.)
STANDBY CURRENT: CMOS INPUT LEVELS lcca 0.5 mA
Power supply standby current (RAS = CAS = Vcc -0.2V
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2V)
REFRESH CURRENT: RAS ONLY Iccs 60 mA 3
(RAS = Cycling: CAS = ViH)
REFRESH CURRENT: CAS-before-RAS lcce 60 mA 3,5
(RAS and CAS = Cycling)
INPUT LEAKAGE CURRENT
(any input (OV < ViN < Vcc), I -10 10 uA
all other pins not under test = 0 volts)
OUTPUT LEAKAGE CURRENT
(Dourt is disabled, OV < Vout < Vcc) loz -10 10 A
OUTPUT LEVELS
Output High voltage (lout = -5mA) VoH 2.4 Vv 1
Output Low voltage (lout = 5mA) Vou 0.4 \
RECOMMENDED DC OPERATING CONDITIONS
(0°C < TA <70°C)
PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 Vv 1
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+1 Vv 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \ 1

1-95

Wv4da



PRELIMINARY
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CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-Ag), DIN Cit 5 pF 2
Input Capacitance RAS, CAS, WE, OFE Ci2 7 pF 2
Output Capacitance Dout Co 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7,8,9, 10, 11, 12, 13) (0°C < T, <+70°C, Vcc = 5.0V + 10%)

A.C. CHARACTERISTICS -8 -10 -12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time 'R 160 190 220 ns
READ-MODIFY-WRITE cycle time ‘RWC 185 220 295 ns
PAGE-MODE READ or WRITE pc 50 55 70 ns

cycle time

Access time from RAS 'RAC 80 100 120 ns 14
Access time from CAS 'cAC 20 25 35 ns 15
Output Enable ‘o 25 25 30 ns

Access time from column address tan 40 50 60 ns

Access time from CAS precharge ‘cpa 40 50 65 ns

RAS pulse width 'RAS 80 10,000 100 10,000 120 10,000 ns

RAS pulse width (PAGE MODE) 'RASP 80 100,000 100 100,000 120 100,000 ns

RAS hold time 'RSH 20 25 35 ns

RAS precharge time 'RP 70 80 90 ns

CAS pulse width 'cAs 20 10,000 25 10,000 35 10,000 ns

TAS hold time 'CSH 80 100 120 ns

TAS precharge time 'CPN 10 15 20 ns 16
CAS precharge time (PAGE MODE) 'cp 10 25 10 25 15 ns

RAS to TAS delay time 'RCD 10 60 10 75 25 85 ns 17
‘CAS to RAS precharge time 'cRP 10 10 10 ns

Row address set-up time 'ASR 0 0 0 ns

Row address hold time 'RAH 10 10 15 ns

RAS to column RAD 10 40 10 50 15 ns 18
address delay time

Column address set-up time 'AsC 0 0 0 ns

Column address hold time 'CAH 15 15 25 ns

Column address hold time ‘AR 50 60 90 ns
(referenced to RAS)

Column address to 'RAL 40 50 60 ns

RAS lead time

Read command set-up time 'Rcs [¢] 4] 0 ns

Read command hold time 'RCH 0 0 0 ns 19
(referenced to CAS)

Read command hold time 'RRH 0 0 0 ns 19
(referenced to RAS)

‘CAS to output in low-Z ‘oLz 5 5 5 ns

Output buffer turn-off delay 'OFF 0 25 0 25 0 25 ns 20
Output Disable ‘op 25 25 30 25 ns

1-96



MICRON

PRELIMINARY

MT4C4001

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8,9, 10, 11, 12, 13) (0°C < TA < +70°C, Vce = 5.0V + 10%)

A.C. CHARACTERISTICS -8 -10 12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
WE command set-up time ‘wes 0 0 0 ns 21
Write command hold time 'WCH 15 20 25 ns

FAST PAGE MODE READ- PRWC 75 90 140 ns
MODIFY-WRITE cycle time

Write command hold time 'WCR 60 70 90 ns
(referenced to RAS)

Write command pulse width 'wp 15 20 25 ns

Write command to RAS lead time 'RwL 20 25 30 ns

Write command to CAS lead time ‘cwL 20 25 30 ns

Data-in set-up time 'ps 0 0 0 ns 22
Data-in hold time 'DH 15 15 25 ns 22
Data-in hold time 'DHR 60 70 90 ns
(referenced to RAS)

RAS to WE delay time ‘RWD 90 120 160 ns 21
Column address 'AWD 70 80 100 ns 21
to WE delay time

CAS to WE delay time ‘cwD 50 65 75 ns 21
Transition time (rise or fall) T 3 50 3 50 3 50 ns 9 10
Refresh Period (512 cycles) 'REF 8 8 8 ms

RAS to CAS Precharge time 'RPC 0 0 0 ns

CAS set-up time 'csR 10 10 10 ns 5
(CAS-before-RAS refresh)

TAS hold time 'CHR 15 20 15 ns 5
(CAS-before-RAS refresh)
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NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Capacitance is calculated
from the equation C = IAt with AV =3V and Vcc =
5V. AV

3. lIcc is dependent on cycle rates.

4. Icc is dependent on output loading. Specified values
are obtained the output open.

5. Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate

cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. Aninitial pause of 100us is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 8ms refresh require-
ment is exceeded.

8. AC characteristics assume 'T = 5ns.

9. ViH min and Vit max are reference levels for

measuring timing of input signals. Transition times

are measured between Vi and ViL (or between ViL

and Vin).

In addition to meeting the transition rate specifica-

tion, all input signals must transit between Vin and

10.

ViL (or between ViL and ViH) in a monotonic manner.

11.
12.

1f CAS = Vin, data output is high impedance.

If CAS = V1L, data output may contain data from the
last valid READ cycle.

Measured with a load equivalent to 2 TTL gates and
100pF.

Assumes that 'RCD < 'RCD (max). If 'RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

Assumes that 'RCD > 'RCD (max).

1f CASis low at the falling edge of RAS, Dour will
be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for 'CPN.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. ‘RCD (max) is specified as a
reference Point only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by '‘CAC.

Operation within the ‘RAD (max) limit ensures that
'RCD (max) can be met. 'RAD (max) is specified as a
reference ‘point only; if ‘RAD is greater than the
specified 'RAD (max) limit, then access time is con-
trolled exclusively by 'AA.

Either 'RCH or 'RRH must be satisfied for a READ
cycle

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Von ot VoL.

tWCS, tRWD, YAWD and {CWD are restrictive
operating parameters in late WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If tWCs >
'WCS (min) the cycle is an early WRITE cycle and the
data output will remain an open circuit throughout
the entire cycle. If 'RWD = 'RWD (min), AWD >
YAWD (min) and 'CWD > {CWD (min) the cycle is a
READ-WRITE and the data output will contain data
read from the selected cell. If neither of the above
conditions are met the state of data out (at access
time and until CAS goes back to Vin) is indetermi-
nate.

These parameters are referenced to CAS leading
edge in early WRITE cycles and WE leading edge in
late WRITE or READ-WRITE cycles.

During a READ cycle, if OF is LOW then taken
HIGH Dourt goes open. If OE is tied permanently
low a READ-WRITE or READ-MODIFY-WRITE
operation is not possible.

A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW and
OE=HIGH.
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READ CYCLE

tre
tRAS trP
v, - N p
A g s
tesH
tRsH tRRH
tcrp tren tcas

I
>
[z

ViH =

i -/ \\ i_/
tAr

tRAD tRAL ’

tAsR tRAH tasc tcan

ViH -~ s R
aooR M ROW COLUMN @( ROW
i tres treH

Vi <
" 7 )
ik~
tan
tRAC
teac torr
tez
Vion -
Dip v:gt‘ K OPEN m VALID DATA OPEN
toe _ ‘oo
ViH -
o Vie - /]K
trRe
trAS trp
vy ————
RAS UM
Vi - \ N
tesH
tRsH
| tere trRcD tcas
o
tas M Vi
ViL -
tar
tRAD tRAL
tasR tRAH tasc toan
Vig =
ADDR M _m ROW 3 CO-mN /)( ROW
I k_
towe i
1
WL
twer
twes | ‘weH
wp
Vig =
wE
ViL = / [/
R tpHR
o tos ton
VioH=
oo ST ), ST

HIGH

Vi =
o Vi - DON'T CARE
m UNDEFINED
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READ-WRITE CYCLE
READ-MODIFY-WRITE CYCLE

tRwe
trAS trRP
e — ,::
AS vl - AN
tosH
tRSH
. terp trco tcas
ViH - r /T
TAS
Vi -_/ 7
tAR
tRAD tRAL
tasr tRAH tasc tcaH
AvoR M :m ROW [ cowmn X row
| tRwWD tewe
tres | tewn tRwL
B tawp twp
Vi S /
W Vm /
L
taa
trRAC
' teac
tos || toH
toz - |05 o 2
VioH —
o0 V:gr_ OPEN RN VALID Doyt ¥ VAUD DN J———— OPEN
toe too

LI X b

PAGE-MODE READ CYCLE

trASP trp
Vig =
RAS viL -
1 t
CSH PC tRsH
_tcre trco tcas tep tcas tep tcas teen
ViH =
TSy —_j N /) \__
taR
tRAD tRAL
tasr || tRAH tasc tca tasc tcan tasc tcan,
W 7 3
ADDR 7 ROW COLUMN W @] cor_Luw m COL:MN W / _l// @( ROW
—tRCS ~ tRCS t— tRRH
t t
ﬁ—] tReH —=| “ tRCH = r— RH

w W T

,_§_T

taa taa | tan
tRaC topa i tepa
= t, t t toFF t
cAC OFF. cAC OF} cac < torr
terz - terz - teez
VioH- VALID VALID VALID
Do wyg - OPEN DATA DATA DATA J— — OPEN
toe toe top toe top

= W I /[-/—1 T 7 L i

DON'T CARE
w UNDEFINED
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PAGE-MODE EARLY-WRITE CYCLE

Vi
ST - 2 »)
tesH tec tRsH
L terp trco tcas ter _teas tep tcas tepn I
| I
w W 7 3 . 1 >
Lo~
=
trRAD tRAL
tasr tRAH tasc tcaH tasc tean tasc || tcan
\2 - - Y s
ADDR Vt[‘ _m ROW m{L COLUMN ] COLUMN W WL COLUMN @( ROW
towe towe ] towL |
twes twen ' twes || tweH ' twes_| | twen '
twp twe twe
ViH =
ik
twer tRWL ]
L toHR '
" tos toH tos toH tos toH
VigH = — _
OiN vtgt‘ K VALID DATA VALID DATA VALID DATA
VIoH -,
Do v = OPEN
Vi HIGH
oF IH
Vie -
tRasP RP
RAS xm =
||
tes trc tRsH
tcrP trRCO tcas tee tcas tee tcas teen
ViH -
CAs Vii —/ X
tAR
tRAD tRAL
tasr || tRaH tasc tcaH tasc tcan tasc tcan
ADDR zl'[' :@; ROW COLUMN COLUMN @i COLUMN / ROW
VIiH -
we ViL L
f
VioH -
Do \,:gL_ OPEN
Vg =
% Vie -

DON’T CARE
m UNDEFINED
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RAS ONLY REFRESH CYCLE
(ADDR = A - A; Agand WE = DON'T CARE.)

tRC
tRAS trp
v, —
Ras ;[
ViL - —
tcrp
Vig =
s Um ¥
ViL ~
tasr tRAH
ADDR \\;{C X //); ROW /9( ROW

VioH=
%o vig = OPEN

WVHA l

CAS-BEFORE-RAS REFRESH CYCLE
Ay - Ag, WE and OE = DON'T CARE)

traS - trp -

- Y
Lo- K }—ﬂ_;

RAS VM
AS
tesr teHR

cAs M - Y
Vie -
V. -
10H
P10 v OPEN

HIDDEN REFRESH CYCLE
(WE = HIGH); OE=LOW)?*

(READ) (REFRESH)
trAS trp trAS
RAS VM - b ;[ l
AS v - &L A
L tere tRep , tRSH teHr
Vin = |
TS vy —J N A
tAR
tRAD trRAL
tasr_||_ tRAH tasc || tcan
ADDR U ‘m{ ROW COLUMN / 4’4’4’/ M
ViL AR
taa
tRAC
t
o o
VioH—. 1;_
b0 v - OPEN ——————————J0KXK VALID DATA OPEN —

DON'T CARE
m UNDEFINED
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ORDER INFORMATION

1MEG x 4, 100ns in Plastic DJ - . .
silicon gate process. They are functionally equivalent to

other manufacture's products meeting JEDEC standards.

Several parameters are sampled; however, fuctionality is

PRODUCT # | | PACKAGE SPEED consistently assured over a wider power supply, tempera-
1 | ture and refresh range than specified. Each unit receives

] 1 accelerated burn-in and several hours of AMBYX™ system

MT4C4001 DJ -10

The Micron 4 MEG DRAM family is manufactured and
quality controlled in Micron’s modern Boise, Idaho USA
facility using its low power, high performance CMOS

level testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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DRAM

1MEG x4 DRAM -

STATIC COLUMN

FEATURES

® Industry standard x4 pin-out, timing, functions and
packages.

High performance CMOS silicon gate process.

Single +5V+10% power supply.

Low power, 5mW standby, 175mW active, typical.

All inputs, outputs and clocks are fully TTL and
CMOS compatible.

1024 cycle refresh distributed across 16ms.

* Refresh modes: RAS only, CAS before RAS, and

Hidden.
¢ Optional Static Column access cycle.

OPTIONS MARKING
¢ Timing
80ns access -8
100ns access -10
120ns access -12
* Organization
1 MEG x 4 MT4C4003
e Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP Z
Plastic SOJ DJ
GENERAL DESCRIPTION

The MT4C4003isarandomly accessed solid-state memory
containing 4,194,304 bits organized in a x4 configuration.
During READ or WRITE cycles each bit is uniquely ad-
dressed through the 20 address bits which are entered 10
bits (A0-A9) at a time. RAS is used to latch the first 10 bits
and CAS the latter 10 bits. A READ or WRITE cycle is
selected with the WE input. A logic high on WE dictates
READ mode while a logic low on WE dictates WRITE
mode. During a WRITE cycle data in (Din) is latched by the
falling edge of WE or CAS, whichever occurs last. If WE
goes low prior to CAS going low, the output pin(s) remain
open (High Z) until the next CAS cycle. If WE goes low after
data reaches the output pin(s), DouT is activated and
retains the selected cell data as long as CAS remains low
(regardless of WE or RAS). This late WE pulse results in a
READ-WRITE cycle. The 4 data inputs and 4 data outputs
are routed through 4 pins using common I/O and pin

PIN ASSIGNMENT (Top View)

MT4C4003 MT4C4003
20 Pin DIP 20 Pin ZIP
DQ1ck1 P20} vss GE[31 ) s
DQ20 2 191 DQ4 bas ‘,j‘s 4071 DQ4
WEQ3 18PDQ3 Ves 1535 el bt
_RASE 4 17DCAS D@2 037 ooy WE
5 16DOE RAS |39 el TRee
A006 150 A8 AD LI oy A
A107 14pA7 A2 rj:wm{:‘ A3
A208 13D A6 vee (L35 or| aa
A3d9 12pAs AS T o as
veed 10 11D A4 A7 (L9 001 ag
MT4C4003
20 Pin SOJ
&l
pQt H—2h s
pa2Q 2 25 01 DQ4
WEQ3 2401 DQ3
RAS O 4 231 TAS
A 05 220 OE

N n ] 180 A8
A151o 17 0 A7
A2d 1 16 [ A6
A3l 12 150 A5
Vee O 13 140 A4

NOTE: Package Information To Be Determined.

direction is controlled by WE and OE.

Returning RAS and CAS high terminates a memory
cycleand decreases chip current to a reduced standby level.
Also, the chip is preconditioned for the next cycle during
the RAS high time. Memory cell data is retained in its cor-
rect state by maintaining power and executing any RAS
cycle (READ, WRITE, RAS only, CAS-before-RAS, or

Hidden refresh) so that all 1024 combinations of RAS

addresses (A0-A9) are executed at least every 8ms, regard-
less of sequence.

The STATIC COLUMN cycle is always initiated with a
row address strobed in by RAS followed by a column
address strobed in by CAS. By holding RAS low, the
column address may be toggled strobing in different col-
umn addresses executing faster memory cycles. Returning

RAS high terminates the STATIC COLUMN operation.
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FUNCTIONAL BLOCK DIAGRAM

] STATIC COLUMN
o COLUMN ADDRESS
5 STROBE INPUT  CAS 8 - CLOC'?: %ECTJEI?ATOR «—0 Vg (5Y)
ROW ADDRESS ~ RAS >
> STROBE INPUT O |ﬂ3 +—0O Vss (v)
= WRITECONTROL
INPUT AQ—A9 N \ ‘:,, ‘ : OE
A 1 >| COLUMN DECODER [<¢ | | Z&
ol )L—" ||| | L“—— =
2 1 3 ¥ 52 —— Dioo
SENSE REFRESH
Ai = ¥ | AMPLIFIER & /0 CONTROL —— Dio 1
:I.I_
ADDRESS INPUTS he a2d] = ™ Dioz2
Ow !
Ag 22| 8 | MEMORY 3%
A SN ERE ARRAY " E5
Ag Tz z | (4,194,304 BITS) 3@
A :
_ e = L
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE tR tc NOTES
Standby H H H X X High Impedance
READ L L H | ROW | COL | Data Out
WRITE L L L ROW | COL | Datain
(EARLY-WRITE)
READ-WRITE L L H—L—H | ROW | COL | Valid Data Out,
Valid Data In
STATIC COLUMN L L H ROW | COL | Valid Data Out
READ COL | Valid Data Out
STATIC COLUMN L L L ROW | COL | Valid Data In
WRITE COL | Valid Data In
STATIC COLUMN L L H—L—H | ROW | COL | Valid Data Out,
READ-WRITE COL | Valid Data In
RAS ONLY L H H ROW | n/a High Impedance
REFRESH
HIDDEN L—H-L L H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H—-L L H X X High impedance
RAS REFRESH
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ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under “Absolute
Voltage on Vcc supply relative to Vss......... -1.0V to +7.0V Ma)fimum‘Rfatings” may cause permanent d‘amage to the
Operating Temperature, TA(Ambient) .......... 0°C to +70°C deV1ce: This is a stress rating only and functional »
Storage Temperature (Ceramic) ................ -65°C to +150°C operation of the device at these or any other conditions
Storage Temperature (Plastic) ....... .-55°C to +150°C above those indicated in the operational sections of this
Power DiSSIPation .........ccvuueveeceereiinneencrneriereensnieens 1 Watt specification is not implied. Exposure to absolute

Short Circuit Output Current ............cccccovvevicrviccnnas 50mA maximum rating conditions for extended periods may

affect reliability.

DC ELECTRICAL CHARACTERISTICS
(Notes : 1,3,4,6,7) (0°C < T, <70°C, = 5.0V + 10%)

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
OPERATING CURRENT lcct 60 mA 3,4
(RAS and CAS = Cycling: trRc = tRc(MIN))

OPERATING CURRENT: FAST STATIC COLUMN Iccz 50 mA 3,4
(RAS = Vi, CAS = Cycling: trc = tPc(MIN))

STANDBY CURRENT: TTL INPUT LEVELS lces 2 mA

Power supply standby current (RAS = CAS = ViH
after 8 RAS cycles min.)

STANDBY CURRENT: CMOS INPUT LEVELS lcca 0.5 mA
Power supply standby current (RAS = CAS = Vcc -0.2V
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2V)

REFRESH CURRENT: RAS ONLY Ices 60 mA 3
(RAS = Cycling: CAS = ViH)
REFRESH CURRENT: CAS-before-RAS Icce 60 mA 3,5

(RAS and CAS = Cycling)

INPUT LEAKAGE CURRENT
(any input (OV < ViN < Vco), I -10 10 uA
all other pins not under test = 0 volts)

OUTPUT LEAKAGE CURRENT

(DourT is disabled, 0V < Vourt < Vce) loz -10 10 A
OUTPUT LEVELS

Output High voltage (louT = -5mA) VoH 2.4 \] 1
Output Low voltage (lout = 5SmA) Vou 0.4 \

RECOMMENDED DC OPERATING CONDITIONS.

(0°C < TA <70°C)
PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \ 1
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+l Vv 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \" 1
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CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-Ag), Din Cn 5 pF 2
Input Capacitance RAS, CAS, WE, OE ) Cr2 7 pF 2
Output Capacitance Dout Co 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C, Voc = 5.0V + 10%)

A.C. CHARACTERISTICS -8 -10 -12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time 'Rc 160 190 220 ns
READ-MODIFY-WRITE cycle time 'Rwc 185 220 295 ns

Access time from RAS 'RAC 80 100 120 ns 14
Access time from CAS cac 20 25 35 ns 15
Qutput Enable 'oE 25 25 35 ns

Access time from column address tan 40 50 60 ns

Access time from CAS precharge ‘cpPA 40 50 60 ns

RAS pulse width 'RAS 80 10,000 100 10,000 120 10,000 ns

RAS hold time 'RSH 20 25 35 ns

RAS precharge time 'rp 70 80 90 ns

CAS pulse width cAs 20 10,000 25 10,000 35 10,000 ns

CAS hold time 'csH 80 100 120 ns

TAS precharge time 'CPN 10 15 20 ns 16
RAS to CAS delay time 'RCD 10 60 10 75 15 85 ns 17
CAS to RAS precharge time 'cRP 10 10 10 ns

Row address set-up time 'ASR 0 0 0 ns

Row address hold time 'RAH 10 10 10 ns

RAS to column 'RAD 10 40 10 50 15 45 ns 18
address delay time

Column address set-up time 'AsC 0 0 0 ns

Column address hold time 'cAH 115 15 25 ns

Column address hold time 'AR 50 60 140 ns
(referenced to RAS)

%mn address to 'RAL 40 50 60 ns

RAS lead time

Read command set-up time '‘RCS 0 0 0 ns

Read command hold time 'RCH 0 0 0 ns 19
(referenced to CAS)

Read commanc_!ﬂd time 'RRH 0 0 0 ns 19
(referenced to RAS)

‘CAS to output in low-Z IcLz 5 5 5 ns

Output bufter turn-off delay 'OFF 0 25 0 25 0 35 ns 20
Qutput Disable ‘ob 25 25 30 ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 6, 7, 8,9, 10, 11,12, 13) (0°C < T, <+70°C, Ve = 5.0V + 10%)

A.C. CHARACTERISTICS -8 -10 -12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
WE command set-up time 'wcs 0 0 0 ns 21
Write command hold time 'WCH 15 20 25 ns

Write command hold time 'WCR 60 70 90 ns
(referenced to RAS)

Write command pulse width 'wp 15 20 25 ns

Write command to RAS lead time 'RWL 20 25 30 ns

Write command to CAS lead time fcwL 20 25 30 ns

Data-in set-up time 'ps 0 0 0 ns 22
Data-in hold time 'DH 15 15 25 ns 22
Data-in hold time 'DHR 60 70 90 ns
(referenced to RAS)

RAS to WE delay time 'RWD 90 120 160 ns 21
Column address 'AwD 70 80 100 ns 21
to WE delay time

TAS to WE delay time ‘cwD 50 65 75 ns 21
Transition time (rise or fall) T 3 50 3 50 3 50 ns 9,10
Refresh Period (512 cycles) 'REF 8 8 8 ms

RAS to CAS Precharge time 'RPC 0 0 0 ns

CAS set-up time 'csR 10 10 10 ns 5
(CAS-before-RAS refresh)

TAS hold time ICHR 15 20 15 ns 5
(CAS-before-RAS refresh)

RAS pulse width (STATIC COLUMN) 'RASC 80 100,000 100 100,000 120 100,000 ns

TAS precharge time (STATIC COLUMN)| 'cP 10 25 10 25 15 30 ns

STATIC COLUMN MODE 'sc 55 65 55 ns

cycle time

STATIC COLUMN READ-MODIFY- 'SRMW 135 160 160 ns

WRITE cycle time

Last write to column address 'LwAD 25 45 30 55 30 55 ns

delay time

Last write to column address tAHLW 95 115 115 ns

hold time

RAS hold time precharged to OE 'ROH 20 20 20 ns

Output data hold time from tAOH 5 — 5 — 5 - ns

column address

Output data enable from write tow — 30 — 35 — 40 ns

OE to data delay 'OED 25 30 30 ns

'OE command hold time 'OEH 25 25 30 ns

Access time from last Write tALW 95 115 | 115 ns
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NOTES

1.
2.

*

10.

11.

12.

13.

14.

15.
16.

All voltages referenced to Vss.

This parameter is sampled. Capacitance is calculated
from the equation C = IAt with AV =3V and Vcc =
5V. AV

Icc is dependent on cycle rates.

Icc is dependent on output loading. Specified values
are obtained the output open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

An initial pause of 100us is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 8ms refresh require-
ment is exceeded.

AC characteristics assume ‘T = 5ns.

ViH min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and ViL (or between ViL
and Vin).

In addition to meeting the transition rate specifica-
tion, all input signals must transit between ViH and
VIL (or between ViL and VIH) in a monotonic manner.
If CAS = Vin, data output is high impedance.

1f CAS = V1L, data output may contain data from the
last valid READ cycle.

Measured with a load equivalent to 2 TTL gates and
100pF.

Assumes that 'RCD < 'RCD (max). If 'RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

Assumes that 'RCD 2 'RCD (max).

If CAS is low at the falling edge of RAS, Dout will
be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for ‘CPN.

17.

18.

19.

20.

21.

22.

23.

24.

Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference Point only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by ‘CAC.

Operation within the ‘RAD (max) limit ensures that
'RCD (max) can be met. 'RAD (max) is specified as a
reference Epoint only; if ‘RAD is greater than the
specified 'RAD (max) limit, then access time is con-
trolled exclusively by ‘AA.

Either ‘RCH or ‘RRH must be satisfied for a READ
cycle

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Vou ot VoL.

'WCS, 'RWD, 'AWD and 'CWD are restrictive
operating parameters in late WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If "WCS >
'WCS (min) the cycle is an early WRITE cycle and the
data output will remain an open circuit throughout
the entire cycle. If RWD > 'RWD (min), ‘AWD >
'AWD (min) and 'CWD > {CWD (min) the cycleis a
READ-WRITE and the data output will contain data
read from the selected cell. If neither of the above
conditions are met the state of data out (at access
time and until CAS goes back to Vin) is indetermi-
nate.

These parameters are referenced to CAS leading
edge in early WRITE cycles and WE leading edge in
late WRITE or READ-WRITE cycles.

During a READ cycle, if OE is LOW then taken
HIGH Dour goes open. If OE is tied permanently
low a READ-WRITE or READ-MODIFY-WRITE
operation is not possible.

A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW and
OE=HIGH.
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READ CYCLE

wvya i

tRe
tRAS trp
2 = N
RAS VH
Vi - N 1
tesH
tRSH tRRH
, terr treD tcas
— Y = I 4
CAS %E i__Jf R _/
tar
tRAD tRAL
1
tASR tRAH tasc tean
VI 5 s
ADDR it ROW COLUMN ROW
‘ trRes tRCH
Vi S
w w7 7 ) Wk
Vie =
taa
trac
teac torr
tez
o VioH - N B, { v, T - I
0 v, - oPE 3 ALID DATA OPEN
toe . top
MG A
oF Vi - \ j
EARLY-WRITE CYCLE
tre
tRAS [ tRP
AS vy - \________
tesH
tRsH
terp trRcD teas
T
AS v -j
AR
trAD tRAL
tAsR tRAH tasc tcan
Vi =
ADDR it ROW m COLUMN }W ﬁ( ROW
towl |
tRWL B
twer
twes tweH
twp
Vi =
w W i
ViL ~
| toHR
~ tps toH
NS K
v
%0 Vi - ALID DATA
Vi HIGH
o H
VL - r// .
/A DON'T CARE

m UNDEFINED
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READ-WRITE CYCLE
READ-MODIFY-WRITE CYCLE

O s
tRAS il
RAS vy -
> tesh
tRSH
g i_ terp treD tcas
VIH —
RS Vi -_/
tar
tRAD tRAL
tASR tRAH tasc tean
ADDR x:‘: :m ROW WL COLUMN / @( ROW
| tRWD tow
'RCL]‘ town tRwL J
tawp twp
ViH /
Wi+ M
L taa
B
- tnw:
cAC
tos_||_toH
tez= | 105 P
Dio Y,:g"L: OPEN —————— RN VALID Doyt { VALD O OPEN
toe top
ViR -
%o - \ ‘[ f
trasP trp
Vg !"4
RAS Vi -
tesH tpc tRSH
L tcre tRCD tcas tep tcas tep tcas tepN
M - y
ths JH I f /]
L
tar
trRAD tRAL
tasr || tRAH tasc toan tasc teaH tasc tcaH
ADDR v:r - Row }@} COLUMN COLUMN COLUMN // // / // ROW
I--‘Rcs I"'—‘RCS ‘I [ tRRH
tres troH
I———— tReH —| J—— tRCH — h

= W Y \// T

taa | taa I taA

trac - topa T tepa

Y t T torF tea

CAC OFF, cac OF} cAC I -

torz - torz—= telz
VioH-. VALID VALD fVALD
%0 v - OPEN DATA DATA DATA OPEN

toe toe top toe

w W T, M T i )—7//—/////////1//%//4

DON'T CARE
m UNDEFINED
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STATIC COLUMN EARLY-WRITE CYCLE

1]
RASC thp

_ Vg - ——
RAS vtz N N
'RAD
tAsR RAH ‘caH RAL
ADDR M ROW COLUMN COLUMN COLUMN
[ ADDRESS ADDRESS ADDRESS ADDRESS /)
tAWR tep 'RSH
tRCD WH | ‘crp
_ Vi - s A !
CAS - =25 '
tsc few
ws_y) | RWL
1
— VIH - wp WS —
- W )\
Y T
©OF

W s WW T,

I DHR - LLDH
w3 = 77N, i YUK e YK R i

STATIC COLUMN READ-WRITE CYCLE

RASC tRp

RS Vs 1 ; -
ASR | 'RAH
) ]

ADDR 3:?_ AD%%VSS’@]L COLUMN ADDRESS : COLUMN ADDRESS WI/ ///////////// / M

tRAD tasc tCAH .

'SRMW {RAL {CRP

5 g:r: ] 1LWAD RWL }——

'RCD ‘cwD

tawD tawo | tew I
|
we \\5}’,_*_‘_ tRWD E‘ipf ‘S‘_/
toeH |
—_— ! -
= W0 I 1 .
_llo:
'cAC

. 'AA

RAC
%o Y=

.C"Z""| =" VALD VALID
DATA-OUT DATA-OUT

DON'T CARE
m UNDEFINED

nvda ||
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MICRON MT4C4003

RAS ONLY REFRESH CYCLE
- (ADDR = Ao - A8; A9 and WE = DON'T CARE.)
U :Eis . trp
m RAS le - X
E e CRP
s tAsr tRAH

ADDR

VL L ROW ] ROW

VioH-,

R

OPEN

CAS-BEFORE-RAS REFRESH CYCLE
(A, - Ay, WE and OE = DON'T CARE)

tRAS trp
RAS VH - ;[; l
AS v - X

tesr teHR
z Vi
AS v - f

VIOH-,
%10 vigL- OPEN

HIDDEN REFRESH CYCLE
(WE = HIGH); OE=LOW)?*

(READ) (REFRESH)
tRAS L tRP tRAS
Vg <
RAS VM 3
Vie = N
. tcrp treo | tRsH tcHR
ViH _j B
Sy - Iy
tAR
trAD tRAL
tasr_||_tRAH tasc || tcaH
VIH ~ 3 1 3
ApDR T ROW COLUMN E(/
taA
traC
t
cAC -~ —topr
terz
VioH—
Dio V:gt‘_ OPEN XKL VALID DATA b— OPEN —

'///A DON'T CARE

e
O UNDEFINED
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PRELIMINARY
MT4C4003

ORDER INFORMATION

1MEG x 4, 100ns in Plastic DJ

PRODUCT #
I

PACKAGE|| SPEED

=
JENN S
MT4C4003 DJ -10
The Micron 4 MEG DRAM family is manufactured and

quality controlled in Micron’s modern Boise, Idaho USA
facility using its low power, high performance CMOS

silicon gate process. They are functionally equivalent to
other manufacture's products meeting JEDEC standards.
Several parameters are sampled; however, fuctionality is
consistently assured over a wider power supply, tempera-
ture and refresh range than specified. Each unit receives
accelerated burn-in and several hours of AMBYX™ system
level testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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MICRON

PRELIMINARY
MT4C1004

DRAM

4MEG x 1 DRAM

FAST PAGE MODE

FEATURES

* Industry standard x1 pin-out, timing, functions and
packages

High performance CMOS silicon gate process

Single +5V+10% power supply

Low power, 5mW standby, 175mW active, typical

All inputs, outputs and clocks are fully TTL and
CMOS compatible

1024 cycle refresh distributed across 16ms

* Refresh modes: RAS only, CAS before RAS, and

Hidden
* Optional Fast Page Mode access cycle

OPTIONS MARKING
* Timing
80ns access -8
100ns access -10
120ns access -12
* Organization
4 MEG x 1 MT4C1004
* Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP Z
Plastic SOJ DJ
GENERAL DESCRIPTION

TheMT4C1004isarandomlyaccessed solid-statememory
containing 4,194,304 bits organized in a x1 configuration.
During READ or WRITE cycles each bit is uniquely ad-
dressed through the 22 address bits which are entered 11
bits (A0-A10) at a time. RAS is used to latch the first 11 bits
and CAS the latter 11 bits. A READ or WRITE cycle is
selected with the WE input. A logic high on WE dictates
READ mode while a logic low on WE dictates WRITE
mode. During a WRITE cycle data in (D1n) is latched by the
falling edge of WE or CAS, whichever occurs last. If WE
goes low prior to CAS going low, the output pin(s) remain
open (High Z) until the next CAS cycle. If WE goes low after
data reaches the output pin(s), Dour is activated and
retains the selected cell data as long as CAS remains low
(regardless of WE or RAS). This late WE pulse results in a
READ-WRITE cycle.

Returning RAS and CAS high terminates a memory

PIN ASSIGNMENT (Top View)
MT4C1004 MT4C1004
18 Pin DIP 20 Pin ZIP
Dinlet 18P Vs S o oRs
WEC 2 17 D Dout 3 Vs
RASO 3 16 ECAS 3 WE
*AI00 4 150A9 3 A10*
A5 140A8 3l NC
A1 6 13 P A7 o At
A207 12D A6 A3
A3 8 11 PAS Ad
Vec9 10P A4 3 A6
3| A8
MT4C1004
20 Pin SOJ
Din H———251 vss
WE Q2 25 01 Dout
RAS (3 24 0 CAS
NC O 4 23 NC
*At0Q 5 221 A9
A0 9 180 A8
A1 Q10 170 A7
Aa2g 1 16 1 A6
A3Q 12 150 AS
vee g 13 140 A4
*Address not used for RAS only refresh
NOTE: Package Information To Be Determined.

cycleand decreases chip current to areduced standby level.
Also, the chip is preconditioned for the next cycle during
the RAS high time. Memory cell data is retained in its cor-
rect state by maintaining power and executing any RAS
cycle (READ, WRITE, RAS only, CAS-before-RAS, or
Hidden refresh) so that all 1024 combinations of RAS ad-
dresses (A0-A9) are executed at least every 16ms, regard-
less of sequence.

PAGE MODE operations allows faster data operations
(READ, WRITE or READ-MODIFY-WRITE) within a row
address (A0-A10) defined page boundary. The PAGE
MODE cycle is always initiated with a row address
strobed in by RAS followed by a column address strobed in
by CAS. By holding RAS low, CAS may be toggled strobing
in different column addresses executing faster memory
cycles. Returning RAS high terminates the PAGE MODE
operation.
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PRELIMINARY

MICRON MT4C1004

FUNCTIONAL BLOCK DIAGRAM
FAST PAGE MODE

COLUMN ADDRESS
STROBE INPUT  CAS

ROW ADDRESS  RAS
STROBE INPUT

>[CLOCK GENEF{ATOR] —0 Vee (V)
> CIRCUIT

[ D +—0 Vss (V)

o O

WRITE CONTROL J—
INPUT ~ WE _l—AO-Am \ v
=0
~ A ::l COLUMN DECODER [ | | 25 D DAT
A? __________________ H E‘§ «—{() DATA INTPUT
Ay =5 SENSE REFRESH
A, So AMPLIFIER & I/0 CONTROL
o
As aa oc
ADDRESS INPUTS _< Ag 80) i —
Ag ) S MEMORY CELL > 38
A, 2 8 (4,194,304 BITS) —> =& »O @ DATAOUTPUT
A s Ta = )
A < <
9 o
" Ay ||
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE iR tC NOTES
Standby H H H X X High Impedance
READ L L H ROW | COL | Data Out
WRITE L L L ROW | COL | Dataln
(EARLY-WRITE)
READ-WRITE L L H—L—H | ROW | COL | Valid Data Out,
Valid Data In
PAGE MODE L H—L—H H ROW | COL | Valid Data Out,
READ Valid Data Out
PAGE MODE L H—L—H L ROW | COL | Valid Data In,
WRITE Valid Data In
PAGE MODE L H—L—H | H—=L—H | ROW | COL | Valid Data Out,
READ-WRITE Valid Data In
RAS ONLY L H H ROW | n/a High Impedance
REFRESH
HIDDEN L-H-L L H ROW [ COL | Valid Data Out
REFRESH
CAS-BEFORE- H-L L H X X High Impedance
RAS REFRESH
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MICRON MT4C1004

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss.......-1.0V to +7.0V
Operating Temperature, Ta(Ambient) 0°C to +70°C
Storage Temperature (Ceramic) ................ -65°C to +150°C
Storage Temperature (Plastic)
Power Dissipation ....................
Short Circuit Output Current

DC ELECTRICAL CHARACTERISTICS
(Notes : 1,3,4,6,7) (0°C < T, <70°C = 5.0V £ 10%)

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.

(RAS and CAS = Cycling)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
OPERATING CURRENT Icct 60 mA 3,4
(RAS and CAS = Cycling: trc = tRC(MIN))

OPERATING CURRENT: FAST PAGE MODE Iccz 50 mA 3,4
(RAS = ViL, CAS = Cycling: trc = tPC(MIN))

STANDBY CURRENT: TTL INPUT LEVELS Icca 2 mA

Power supply standby current (RAS = CAS = ViH

after 8 RAS cycles min.)

STANDBY CURRENT: CMOS INPUT LEVELS lcca 0.5 mA

Power supply standby current (RAS = CAS = Vcc -0.2V

after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2V)

REFRESH CURRENT: RAS ONLY lccs 60 mA 3
(RAS = Cycling: CAS = ViH)

REFRESH CURRENT: CAS-before-RAS Icce 60 mA 3,5

INPUT LEAKAGE CURRENT
(any input (OV < VIN < Vcc),
all other pins not under test = 0 volts)

OUTPUT LEAKAGE CURRENT

(Dourt is disabled, OV < VourT < Vce) loz -10 10 HA
OUTPUT LEVELS

Output High voltage (lout = -5mA) VoH 2.4 \' 1
Output Low voltage (lout = 5mA) Vou 0.4 \

RECOMMENDED DC OPERATING CONDITIONS

(0°C < TA <70°C)
PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vcc 45 55 \ 1
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+il Vv 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \" 1




PRELIMINARY
MICRON MT4C1004

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-Ag), Din Cit 5 pF 2
Input Capacitance RAS, CAS, WE Ci2 7 pF 2
Output Capacitance Dout Co 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9,10, 11, 12, 13) (0°C < T, < +70°C, Vcc = 5.0V £ 10%)

A.C. CHARACTERISTICS -8 -10 -12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time 'RC 160 190 220 ns
READ-MODIFY-WRITE cycle time 'RwC 185 220 255 ns
PAGE-MODE READ or WRITE pc 50 55 70 ns

cycle time

Access time from RAS 'RAC 80 100 120 ns 14
Access time from CAS 'cAC 20 25 35 ns 15
Access time from column address ‘AA 40 50 60 ns

Access time from CAS precharge 'cPA 40 50 60 ns

RAS pulse width 'RAS 80 10,000 100 10,000 120 10,000 ns

RAS pulse width (PAGE MODE) 'RASP 80 100,000 100 100,000 120 100,000 ns

RAS hold time 'RSH 20 25 35 ns

RAS precharge time Rp 70 80 90 ns

CAS pulse width 'cAS 20 10,000 25 10,000 35 10,000 ns

TAS hold time 'CsH 80 100 120 ns

CAS precharge time 'cPN 10 10 20 ns 16
‘CAS precharge time (PAGE MODE) ‘cp 10 25 10 25 15 ns

RAS to CAS delay time 'RCD 10 60 15 75 25 85 ns 17
CAS to RAS precharge time 'cRP 10 10 10 ns

Row address set-up time 'ASR 0 0 0 ns

Row address hold time 'RAH 10 10 15 ns

RAS to column 'RAD 10 40 10 50 10 60 ns 18
address delay time

Column address set-up time 'ASC 0 0 0 ns

Column address hold time ‘cAH 15 15 25 ns

Column address_hgld time ‘AR 50 60 110 ns
(referenced to RAS)

Column address to 'RAL 40 50 60 ns

RAS lead time

Read command set-up time 'Rcs 0 0 0 ns

Read command hold time 'RCH 0 0 0 ns 19
(referenced to CAS)

Read command hold time 'RRH 0 0 10 ns 19
(referenced to RAS)

CAS to output in low-Z ‘oLz 5 5 5 ns

Output buffer turn-off delay 'oFF 0 25 0 25 0 25 ns 20
WE command set-up time 'wes 0 0 0 ns 21
Write command hold time 'WCH 15 20 25 ns
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MICRON MT4C1004

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 6, 7, 8,9, 10, 11,12, 13) (0°C < TA < +70°C, Vce = 5.0V + 10%) -
A.C. CHARACTERISTICS -8 -10 -12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES U
Write command hold time 'WCR 60 70 110 ns m
(referenced to RAS)

Write command pulse width 'wp 15 20 25 ns >
Write command to RAS lead time 'RWL 20 25 35 ns g
Write command to CAS lead time fowL 20 25 35 ns

Data-in set-up time 'ps 0 0 0 ns 22

Data-in hold time 'DH 15 15 25 ns 22

Data-in hold time 'DHR 60 70 110 ns

(referenced to RAS)

RAS to WE delay time 'RWD 70 80 120 ns 21

Column address tAWD 40 50 60 ns 21

to WE delay time

CAS to WE delay time fcwb 20 25 35 ns 21

Transition time (rise or fall) r 3 50 3 50 3 50 ns 9,10

Refresh Period (512 cycles) 'REF 16 16 16 ms

RAS to CAS Precharge time 'RPC 0 0 0 ns

CAS set-up time 'csR 10 10 10 ns 5
(CAS-before-RAS refresh)

CASholdtime 'CHR 15 20 20 ns 5
(CAS-before-RAS refresh)
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NOTES

1.
2.

10.

11.

12.

13.

14.

15.
16.

All voltages referenced to Vss.

This parameter is sampled. Capacitance is calculated
from the equation C = JAt with AV =3V and Vcc =
5V. AV

Icc is dependent on cycle rates.

Icc is dependent on output loading. Specified values
are obtained the output open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

An initial pause of 100us is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 16ms refresh
requirement is exceeded.

AC characteristics assume ‘T = 5ns.

Vid min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vid and ViL (or between ViL
and Vin).

In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vin and
ViL (or between ViL and ViH) in a monotonic manner.
If CAS = Vi, data output is high impedance.

1f CAS = V1L, data output may contain data from the
last valid READ cycle.

Measured with a load equivalent to 2 TTL gates and
100pF.

Assumes that 'RCD < 'RCD (max). If '‘RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

Assumes that 'RCD 2 'RCD (max).

If CAS'is low at the falling edge of RAS, Dout will

17.

18.

19.

20.

21.

22.

23.

be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for ‘CPN.

Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference Foint only; if 'RCD is greater than the
specified "RCD (max) limit, then access time is con-
trolled exclusively by 'CAC.

Operation within the ‘RAD (max) limit ensures that
'RCD (max) can be met. 'RAD (max) is specified as a
reference Foint only; if 'RAD is greater than the
specified 'RAD (max) limit, then access time is con-
trolled exclusively by ‘AA.

Either ‘RCH or ‘RRH must be satisfied for a READ
cycle.

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to VoH ot VoL.

'WCS, 'RWD, 'AWD and 'CWD are restrictive
operating parameters in late WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If ‘WCS >
'WCS (min) the cycle is an early WRITE cycle and the
data output will remain an open circuit throughout
the entire cycle. If 'RWD > 'RWD (min), 'AWD >
'AWD (min) and 'CWD > 'CWD (min) the cycle is a
READ-WRITE and the data output will contain data
read from the selected cell. If neither of the above
conditions are met the state of data out (at access
time and until CAS goes back to Vin) is indetermi-
nate.

These parameters are referenced to CAS leading
edge in early WRITE cycles and WE leading edge in
late WRITE or READ-WRITE cycles.

A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW.
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READ CYCLE

tre
trAs trp
vy, ——————
RAS V:E - - 4 _—
tesH
tRSH tRRH
. ‘crp trco tcas
Viy =
oo/
tAR
tRAD tRAL
tASR tRAH tasc tcan

v
ADDR M

~ ROW OLUMN Wﬁ; /)( ROW
ViL - & A cow /
' tres tRCH

I.—
e 7

taa
traC
tcac toFF
ez
Dout zgt: OPEN m VAUD DATA ) OPEN

EARLY-WRITE CYCLE

‘R
tRAS o trp
RAS VM - 1 | ;"
Ay - —
tesH
tRsH
i_ terp trRCD tcas
Vig =
ths VM
W/ 4
taR
tRAD tRAL
tAsR tRAH tasc tcan
ViH - - -
ApDR M T ROW COLUMN ROW
(8 A
tewe |
tRWL !
twer -
twes tweH
twp
VIH -
W ViL - / /
!_ LoHR
tos toH
v, -
ow w7 JUIITIA__vao oama Tl I
VoH -,
Oout ng- OPEN

DON'T CARE
@ UNDEFINED
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MICRON MT4C1004

READ-WRITE CYCLE
READ-MODIFY-WRITE CYCLE

tRwe
U tRAS L trp

Sy
mS 2[ N

tesH
tRSH
| tcrp trco tcas
v [
w w7 X
AR
tRAD tRAL
tasr tRAH tasc tcaH
ADDR ‘6:{‘ 7 ROW ’mf COLUMN ‘ W/////‘// /_| / m ROW
RWD cwL
Gl —
w T ) —
DS OH
ow v T {/ t// /K vao oata ]
AA
) tRac
'c:c torF
—— tCLZ f
Doyt xg’:: OPEN E VALID DATA b—— oPEN

PAGE-MODE READ CYCLE

tRASP trp
vy, —
RSy T \ 1
tesH tec tRSH
tere treo tcas tep tcas tep tcas tepn
Vi = ¥ ! |
TRz M j
([ . \
tar
trAD tRAL
tasr_||_tRAH tasc tcaH tasc tcaH tasc teaH

ViH — - —y
ADDR M _@]L ROW 5@{ COLUMN X/ COLUMN /X coumn //X_row
¢ L“‘RCS |-~1Rcs ¢ ——J [~ tRRH
RS N . ReH
RCH —1 |~ RCH —1 I~

S
S

w W

taa [N taa | taa
t ! t f t
RAC CcPA CPA
teac LoFF, teac torF tcac I -
terz = telz - terz —
VoH -~ VALID VALID VALD Y
DouT vy - OPEN DATA L_DATA DATA " OPEN

DON'T CARE
m UNDEFINED
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PAGE-MODE EARLY-WRITE CYCLE

e tRASP trp
Vie - -
tesH tec tRSH
tere trRco tcas tep teas tee tcas L teen ,
TAS x!H - \J L———’ g
[ S A
tar
tRAD tRAL
tasr tRAH tasc tcan tasc tcaH tasc || tcan
v -
ADDR Vlr K ROW @(& COLUMN COLUMN COLUMN @( ROW
L towe ] towe ] tow i
- ~ 1
twes | twen twes || twer twes || twen
twp -1 L twe twe
[
v -
WE iH
Vit = / ZZZQJ
| twer tRWL i
C tonR -
tos toH tbs toH tos toH
v - Ty
Din v:[‘ X VALID DATA VALID DATA }@; VALID DATA
VOoH -
Oourt ng B OPEN

PAGE-MODE READ-WRITE CYCLE

tRASP trp
RS M C ) {[ 1\
tesH tpc tRsH
. tcre treo tcas tep tcas tep tcas teen _i
o/ 0 ) "
traD n tRAL
tasrR | [_tRAH tasc tcan tasc || tcaH tasc || tcan
ADDR z:r :@3 ROW : COLUMN W ﬁL CcoLUMN W ﬁ COLUMN : W / 47/222%( ROW
RWD RWL
tres tew tow towe T
tawp )_‘ir-; tAwD twp tawp | twp_
tewo = 13- towo = = tcwo -
LI/, N ‘_J \Y/
_tos || Ton _tos || Ton _tos || o
| | |
O x:r R v oata X77777777770% vauo baTa ] Wi VALID' st KT
t t
!‘ - !- ‘QSA !_ ‘2:;«
tRac
tcac | torF_, teac | oFF, teac J — torr
teLz — terz = terz —
bour VO % ne A r——@ PR b oven

m DON'T CARE
m UNDEFINED
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PRELIMINARY

]
O
=)
>
=

ADDR

Dout

ADDR

Oout

AS ONLY REFRESH CYCLE

(ADDR = A - Aj; A, and WE = DON'T CARE )
o CRP
W/

tasrR

tRAH

ViH -
Vi -M@g

ROW

K

VoH —

vz OPEN
CAS-BEFORE-RAS REFRESH CYCLE
(A0 - A9 and WE = DON'T CARE)
trRAS I trP |

ViL - -

tesr

teHR )

Vig =
Vi -

N

Vou —

VoL -

HIDDEN REFRESH CYCLE

OPEN

(READ) (REFRESH)
tRAS L tRP trRAS
le - 1
[ A
tcrp trReD | tRSH tCHR
Vin =
ViL -~ -
tar
tRAD tRAL
tasr || tRAH tasc || tcan
:’/:’L* 7 ROW ]x‘x;x;x;xixixix‘ COLUMN W 7
taa
tRAC
tcac —~  —torF
tez
VoH = —
vg[‘ K OPEN OO0 VALID DATA }— OPEN —

DON'T CARE
m UNDEFINED
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ORDER INFORMATION

4MEG x 1, 100ns in Plastic SOJ

PRODUCT #
l

PACKAGE || SPEED

—r
1 1
MT4C1004 DJ -10

The Micron 4 MEG DRAM family is manufactured and
quality controlled in Micron’s modern Boise, Idaho USA
facility using its low power, high performance CMOS

silicon gate process. They are functionally equivalent to
other manufacture's products meeting JEDEC standards.
Several parameters are sampled; however, fuctionality is
consistently assured over a wider power supply, tempera-
ture and refresh range than specified. Each unit receives
accelerated burn-in and several hours of AMBYX™ system
level testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.

1-127

wvaa i






MICRON

PRELIMINARY
MT4C1005

DRAM

4MEG x 1 DRAM

NIBBLE MODE

FEATURES

¢ Industry standard x1 pin-out, timing, functions and
packages

High performance CMOS silicon gate process

Single +5V+10% power supply.

Low power, 5mW standby, 175mW active, typical

All inputs, outputs and clocks are fully TTL and
CMOS compatible

1024 cycle refresh distributed across 16ms

Refresh modes: RAS only, CAS before RAS, and
Hidden

Optional Nibble Mode access cycle

e o o o

PTIONS

O MARKING
¢ Timing
80ns access -8
100ns access -10
120ns access -12
* Organization
4 MEGx 1 MT4C1005
® Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP Z
Plastic SOJ DJ
GENERAL DESCRIPTION

The MT4C1005isarandomly accessed solid-state memory
containing 4,194,304 bits organized in a x1 configuration.
During READ or WRITE cycles each bit is uniquely ad-
dressed through the 22 address bits which are entered 11
bits (A0-A10) at a time. RAS is used to latch the first 11 bits
and CAS the latter 11 bits. A READ or WRITE cycle is
selected with the WE input. A logic high on WE dictates
READ mode while a logic low on WE dictates WRITE
mode. During a WRITE cycle data in (Din) is latched by the
falling edge of WE or CAS, whichever occurs last. If WE
goes low prior to CAS going low, the output pin(s) remain
open (High Z) until the next CAS cycle. If WE goes low after
data reaches the output pin(s), DouT is activated and
retains the selected cell data as long as CAS remains low
(regardless of WE or RAS). This late WE pulse results in a
READ-WRITE cycle.

Returning RAS and CAS high terminates a memory

PIN ASSIGNMENT (Top View)
MT4C1005 MT4C1005
18 Pin DIP 20 Pin ZIP
Dindet 18 Vs il e Ko
WEO 2 17 P Dout D°f" ‘:‘3 47 vss
RASQ3 16pCAS Din |38 6o We
004 150A9 RRS 137 g tor
A00 5 140A8 NC :;_:9 10072 NC
AIO6  13PA7 e
A207 12DA6 i e
A8 11PAS vee \15 160l e
Veed 9 10 P A4 RS 160 ag
A7 |9
2003 A8
MT4C1005
20 Pin SOJ
Din O+ 21 ves
WE( 2 25 [ Dout
RAS 3 24 P TAS
NC O 4 23 NC
A100 5 2211 A9
A0d9 180 A8
A1 0 10 17 0 A7
A2g 1 16 0 AS
A3Q 12 1500 A5
Vee O 13 140 A4
*Address not used for RAS only refresh
NOTE: Package Information To Be Determined.

cycle and decreases chip current toareduced standby level.
Also, the chip is preconditioned for the next cycle during
the RAS high time. Memory cell data is retained in its cor-
rect state by maintaining power and executing any RAS
cycle (READ, WRITE, RAS only, CAS-before-RAS, or
Hidden refresh) so that all 1024 combinations of RAS
addresses (A0-A9) are executed at least every 16ms, re-
gardless of sequence.

Nibble Mode operation allows faster sequential serial
data operations (READ, WRITE or READ-MODIFY-
WRITE) on up to 4 bits. The first of 4 bits is accessed in the
usual manner with CAS address A9 (nibble MSB) and RAS
address A9 (nibble LSB) selecting on of 4 bits within a
nibble for initial access. By holding RAS low,

CAS can be toggled incrementing the nibble address field
in modulo 4 fashion with wrap around (see below).

CA‘ORA‘Or (00) an ]

(0.1) (1.0)
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FUNCTIONAL BLOCK DIAGRAM

- NIBBLE MODE
O COLUMN ADDRESS
m STROBE INPUT  CAS g :i CLOC‘E%ECTE-?ATOR 4—0 Voo (8Y)
ROW ADDRESS ~ RAS >
> STROBE INPUT O — +—QO Vs (V)
g WRITECONTROL I
INPUT  WE AgAg | NiBBLE SELECTOR :
= [72]
A, ;! COLUMN DECODER =E O D DATAINTPUT
Al ‘ | v 33
A, = 5 SENSE REFRESH
A, IS0 AMPLIFIER & /0 CONTROL
S
As 3 8 o <
ADDRESSINPUTS ¢ A ol & —
Ag 20 S MEMORY CELL nEE
A, 25 = (4,194,304 BITS) 2 £ O @ DATAOUTPUT
A 8 cQ = Sa
A < o
9 oc
~ Ay
FUNCTIONAL TRUTH TABLE
' Addresses
Function RAS CAS WE tR tC NOTES
Standby H H H X X High Impedance
READ L L H ROW | COL Data Out
WRITE L L L ROW | COL | DatalIn
(EARLY-WRITE)
READ-WRITE L L H—L—H| ROW | COL | Valid Data Out,
Valid Data In
NIBBLE MODE L H—L—H, H ROW | COL | Valid Data Out,
READ L—H-L Valid Data Out
NIBBLE MODE L H—L—H, L ROW | COL | Valid Data In,
WRITE L—H-L Valid Data In
NIBBLE MODE L H—-L—H,|{ H—L—-H | ROW | COL Valid Data Out,
READ-WRITE L—H—L Valid Data In
RAS ONLY L H H ROW n/a High Impedance
REFRESH
HIDDEN L—=H—L L H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H—-L L H X X High Impedance
RAS REFRESH
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PRELIMINARY

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss........-1.0V to +7.0V
Operating Temperature, Ta(Ambient) .......... 0°C to +70°C
Storage Temperature (Ceramic) ................ -65°C to +150°C
Storage Temperature (Plastic) ... .-55°C to +150°C
Power Dissipation ...................
Short Circuit Output Current ...........ccevevveinierinnnes 50mA

DC ELECTRICAL CHARACTERISTICS
(Notes : 1,3,4,6,7) (0°C < T, <70°C = 5.0V + 10%)

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
OPERATING CURRENT lcet 60 mA 3,4
(RAS and CAS = Cycling: trRc = tRC(MIN))
OPERATING CURRENT: NIBBLE MODE lcc2 50 mA 3,4
(RAS = ViL, CAS = Cycling: trc = tPc(MIN))
STANDBY CURRENT: TTL INPUT LEVELS lces 2 mA
Power supply standby current (RAS = CAS = ViH
after 8 RAS cycles min.)
STANDBY CURRENT: CMOS INPUT LEVELS Icca 0.5 mA
Power supply standby current (RAS = CAS = Vcc -0.2V
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2V)
REFRESH CURRENT: RAS ONLY lces 60 mA 3
(RAS = Cycling: CAS = ViH)
REFRESH CURRENT: CAS-before-RAS lccs 60 mA 3,5
(RAS and CAS = Cycling)
INPUT LEAKAGE CURRENT
(any input (OV < VINn £ Vco), 1 -10 10 A
all other pins not under test = 0 volts)
OUTPUT LEAKAGE CURRENT
(Dourt is disabled, 0V < VouT < Vcc) loz -10 10 LA
OUTPUT LEVELS
Output High voltage (lout = -5mA) VoH 2.4 " 1
Output Low voltage (lout = 5mA) VoL 0.4 \
RECOMMENDED DC OPERATING CONDITIONS
(0°C < TA <70°C)
PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 45 55 \ 1
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+l \ 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \ 1
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PRELIMINARY
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CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-Ag), Din Cn 5 pF 2
Input Capacitance RAS, CAS, WE Cr 7 pF 2
Output Capacitance DouT Co 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C, Vcc = 5.0V + 10%)

A.C. CHARACTERISTICS -8 -10 -12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time 'RC 160 190 220 ns
READ-MODIFY-WRITE cycle time 'RwC 185 220 255 ns

Access time from RAS 'RAC 80 100 120 ns 14
Access time from CAS 'cAC 20 25 35 ns 15
Access time from column address Yy 40 50 60 ns

Access time from CAS precharge ‘cpa 40 50 60 ns

RAS pulse width 'RAS 80 10,000 100 10,000 120 10,000 ns

RAS hold time 'RSH 20 25 35 ns

RAS precharge time RP 70 80 90 ns

‘CAS pulse width cAs 20 10,000 25 10,000 35 10,000 ns

TAS hold time 'CSH 80 100 120 ns

CAS precharge time 'cPN 10 15 20 ns 16
RAS to CAS delay time 'RCD 10 60 15 75 25 85 ns 17
CAS to RAS precharge time ‘cRP 10 10 10 ns

Row address set-up time 'ASR 0 0 0 ns

Row address hold time 'RAH 10 10 15 ns

RAS to column 'RAD 10 40 10 50 10 60 ns 18
address delay time

Column address set-up time 'ASC 0 0 0 ns

Column address hold time 'CAH 15 15 25 ns

Column address hold time 'AR 50 60 110 ns
(referenced to RAS)

g)l_umn address to RAL 40 50 60 ns

RAS lead time

Read command set-up time 'RCs 0 0 0 ns

Read command hold time 'RCH 0 0 0 ns 19
(referenced to CAS)

Read command hold time 'RRH 0 0 0 ns 19
(referenced to RAS)

CAS to output in low-Z cLz 5 5 5 ns

Output buffer turn-off delay 'OFF 0 25 0 25 0 25 ns 20
'WE command set-up time 'wes 0 0 0 25 ns 21
Write command hold time 'WCH 15 20 0 ns

Write commancmd time 'WCR 60 70 25 ns
(referenced to RAS)
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 6, 7, 8,9, 10, 11, 12, 13) (0°C < TA < +70°C, Vecc = 5.0V £ 10%) -
A.C. CHARACTERISTICS -8 -10 -12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES U
Write command pulse width 'wp 15 20 25 ns m
Write command to RAS lead time 'RWL 20 25 35 ns

Write command to CAS lead time ‘cwL 20 25 35 ns >
Data-in set-up time 'ps 0 0 0 ns 22 g
Data-in hold time 'DH 15 15 25 ns 22

Data-in hold time 'DHR 60 70 110 ns

(referenced to RAS)

RAS to WE delay time 'RWD 70 90 120 ns 21

Column address 'AWD 40 50 60 ns 21

to WE delay time

CAS to WE delay time ‘cwb 20 35 35 ns 21

Transition time (rise or fall) T 3 50 3 50 3 50 ns 9,10

Refresh Period (512 cycles) 'REF 16 16 16 ms

RAS to CAS Precharge time 'RPC 0 0 0 ns

TAS set-up time 'CSR 10 10 10 ns 5
(CAS-before-RAS refresh)

TAS hold time 'CHR 15 20 20 ns 5
(CAS-before-RAS refresh)

RAS pulse width (NIBBLE MODE) 'RASN 80 100,000 100 [ 100,000 | 120 100,000 | ns

CAS precharge time (NIBBLE MODE) 'NCP 10 25 10 25 15 30 ns

NIBBLE MODE cycle time NC 35 35 40 ns

NIBBLE MODE READ- INRWL 50 55 70 ns

MODIFY-WRITE cycle time

NIBBLE MODE READ-MODIFY- INRWC 55 55 60 ns

WRITE cycle time

NIBBLE MODE access time 'NCAC 15 15 20 ns 15

NIBBLE MODE pulse width 'NCAS 15 15 20 ns

NIBBLE MODE CAS precharge time | 'NCP 10 10 15 ns

NIBBLE MODE RAS hold time 'NRSH 15 15 20 ns

NIBBLE MODE CAS to WRITE 'NCcwD 15 15 20 ns

delay time

NIBBLE MODE WRITE command | 'NRWL | 15 15 20 ns

to RAS load time

NIBBLE MODE WRITE command 'NCwL 15 15 20 ns

to CAS load time )
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NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Capacitance is calculated
from the equation C = IAt with AV =3V and Vcc =
5V. AV

3. Icc is dependent on cycle rates.

4. Icc is dependent on output loading. Specified values
are obtained the output open.

5. Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate

cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. An initial pause of 100yus is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 16ms refresh
requirement is exceeded.

8. AC characteristics assume 'T = 5ns.

9. Vid min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and ViL (or between ViL
and Vin).

10. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vin and

Vit (or between ViL and ViH) in a monotonic manner.

11. If CAS = Vin, data output is high impedance.

12. If CAS = Vi, data output may contain data from the
last valid READ cycle.

13. Measured with a load equivalent to 2 TTL gates and
100pF.

14. Assumes that 'RCD < 'RCD (max). If 'RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

15. Assumes that 'RCD > 'RCD (max).

16. If CAS is low at the falling edge of RAS, Dout will

be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for ‘CPN.

17. Operation within the 'RCD (max) limit ensures that

'RAC (max) can be met. 'RCD (max) is specified as a
reference tpoint only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by 'CAC.

18. Operation within the 'RAD (max) limit ensures that

'RCD (max) can be met. 'RAD (max) is specified as a
reference Epoint only; if tRAD is greater than the
specified 'RAD (max) limit, then access time is con-
trolled exclusively by 'AA.

19. Either ‘RCH or ‘RRH must be satisfied for a READ

cycle.

20. 'OFF (max) defines the time at which the output

achjeves the open circuit condition and is not
referenced to VoH ot VoL.

21.'WCS, 'RWD, 'LAWD and '‘CWD are restrictive

operating parameters in late WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If "WCS >
'WCS (min) the cycle is an early WRITE cycle and the
data output will remain an open circuit throughout
the entire cycle. If RWD > 'RWD (min), 'AWD >
'AWD (min) and ‘CWD > 'CWD (min) the cycle is a
READ-WRITE and the data output will contain data
read from the selected cell. If neither of the above
conditions are met the state of data out (at access
time and until CAS goes back to Vin) is indetermi-
nate.

22. These parameters are referenced to CAS leading

edge in early WRITE cycles and WE leading edge in
late WRITE or READ-WRITE cycles.

23. A HIDDEN REFRESH may also be performed after

a WRITE cycle. In this case WE = LOW.
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READ CYCLE

tre
tRAS trP
vy, ———
A VM
Vie - A
tesH
tRSH tRRH
| terp trRCO tcas
e
s M Vi
Vie - /
tar
tRAD tRAL
tAsr tRAH tasc tcaH

Vin =
R/, S V), ST A
b trcs tRCH

L i 7 t N
AA
tRAC
t t
o

v -
Oout vor = OPEN MVALID DATA OPEN

EARLY-WRITE CYCLE

tre
tRAS o trp

Vg - l’;
RAS vy - A \%—v

tesH
tRSH

tcrp trCD tcas

VIH =
RS Vi "_/
tar
tRAD tRAL
tASR tRAH tasc tcaH
W I KD K.
ADDR 1t ROW L COLUMN ] @( ROW
tow A
tRwL -
twer -
twes tweH
twp
v =
wo M / / ///
L
L toHr
o tos toH
V) -
Oin v:f K VALID DATA / // / / // W
v -
Dout ngH_ OPEN

DON'T CARE
m UNDEFINED
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READ-WRITE CYCLE
- READ-MODIFY-WRITE CYCLE
U ::/v:g L tre
3 T ) —
> tesH
tRsH
g tcrp trRCD tcas
W \
tar .
tRAD tRAL
tasR tRAH tasc tcan
ADDR x:': :mﬂL ROW i COLUMN X T row
tRwD tewe |
tres tewo tRwl
tawo twe

=\ T ne
SO, S 1

taa
traC
teac torF

—~ltelz f~

VOH - TR
DouT Vg’L" = OPEN VALID DATA ——oren

NIBBLE MODE READ CYCLE

tRASN
AR tRp

e : i \_

1CsH | INRSH

tcRp TRCD
“_’ cas INC
— VK= p
oAs vz N f N 7 \

|‘_Aﬂi’ {RAH |tasc_|| tcan INCP NCAS
400 ¥:EM®@‘ s KU vz,

1 1 tRCH {RRH
| trcs RCH RCS |
== V47
w T X X,
tcac Kelid INCAC LoFF

Dot Y5 oren o ey B

‘oe top toE ‘op

& Vo N R / \__/ \___ /L
DON'T CARE
m UNDEFINED
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NIBBLE MODE EARLY-WRITE CYCLE

{RASN tRp

M ; - ?I l\

RS vz N e N /|

ADDR V:t‘im‘ﬁa?ss_;m R
twes tweH ‘wes wen_| Ncw:-NRWL

= ST - Wi, T,
! Il - l

R T /) St '//////////////’//////////////

| | | |_tos toH
r L1 |l "

NIBBLE MODE READ-WRITE CYCLE

My ! = Zl‘ ’l\
tcRP i ‘—%;* T ||| INRSH
s Vs i s : %r‘t_,
o TN U
e Vi e 'a:i‘j o \t7—
o R TTTTITITT \ DAt 3 I {_Dath DATA BATA
o Y TR

DON'T CARE
m UNDEFINED
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ADDR

Dout

ADDR

Dout

RAS ONLY REFRESH CYCLE

(ADDR = A, - A A, and WE = DON'T CARE.)

tre

tRAS N trP

Vi =
Vie - k

terp

ViH =
ViL - /

tAsR tRAH
x:t A Row W X ROW
vgf = OPEN

CAS-BEFORE-RAS REFRESH CYCLE
(A, - A, and WE = DON'T CARE)

tRAS

tRP
Vy I;ﬁ
ViL - X__

tesr tCHR

Vig =
Vi -

Nt

VoK —

PEN
VoL = OPE

HIDDEN REFRESH CYCLE

(WE = HIGH)

(READ) (REFRESH)
trAS trp trAs
xIH - Y 4
[ A X
__tcre trReD |, RSH teHR
Vip = ' ————
Vi -
taR
trAD tRAL
tasr || tRAH tasc || tcan
Vig = TXRXR
W ROW FRERL  comn K77 i,
taa
tRAC
tcac -~ —torr
tez
VoK -, OPEN % VALID DATA 3— oPEn —
VoL - N =

DON'T CARE
m UNDEFINED

1-138



MICRON

PRELIMINARY
MT4C1005

ORDER INFORMATION

4MEG x 1, 100ns in Plastic SOJ

PRODUCT #

L

PACKAGE || SPEED

e
RN SN
MT4C1005 DJ -10

The Micron 4 MEG DRAM family is manufactured and
quality controlled in Micron’s modern Boise, Idaho USA
facility using its low power, high performance CMOS

silicon gate process. They are functionally equivalent to
other manufacture's products meeting JEDEC standards.
Several parameters are sampled; however, fuctionality is
consistently assured over a wider power supply, tempera-
ture and refresh range than specified. Each unit receives
accelerated burn-in and several hours of AMBYX™ system
level testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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DRAM

4MEG x 1 DRAM

STATIC COLUMN

FEATURES

¢ Industry standard x1 pin-out, timing, functions and
packages

High performance CMOS silicon gate process

Single +5V+10% power supply.

Low power, 5SmW standby, 175mW active, typical

All inputs, outputs and clocks are fully TTL and
CMOS compatible

1024 cycle refresh distributed across 16ms

Refresh modes: RAS only, CAS before RAS, and
Hidden

Optional Static Column access cycle

e o o o

OPTIONS MARKING
¢ Timing
80ns access -8
100ns access -10
120ns access -12
¢ Organization
4MEGx 1 MT4C1006
* Packages
Plastic DIP None
Ceramic DIP C
Plastic ZIP Z
Plastic SOJ DJ
GENERAL DESCRIPTION

TheMT4C1006isarandomly accessed solid-statememory
containing 4,194,304 bits organized in a x1 configuration.
During READ or WRITE cycles each bit is uniquely ad-
dressed through the 22 address bits which are entered 11
bits (A0-A10) at a time. RAS is used to latch the first 11 bits
and CAS the latter 11 bits. A READ or WRITE cycle is
selected with the WE input. A logic high on WE dictates
READ mode while a logic low on WE dictates WRITE
mode. During a WRITE cycle data in (D) is latched by the
falling edge of WE or CAS, whichever occurs last. If WE
goes low prior to CAS going low, the output pin(s) remain
open (High Z) until the next CAS cycle. If WE goes low after
data reaches the output pin(s), DouT is activated and
retains the selected cell data as long as CAS remains low
(regardless of WE or RAS).

Returning RAS and CAS high terminates a memory
cycleand decreases chip current to a reduced standby level.

PIN ASSIGNMENT (Top View)
MT4C1006 MT4C1006
18 Pin DIP 20 Pin ZIP
DinCe1 ~ 18 0 Vss = o oas
WEC 2 17 D Dout ol vss
RASC 3 16D CAS 3 WE
*A100 4 15 D A9 ) At0*
A0 S5 140A8 . )l NC
A6 13QA7 AD |5 1203 A1
A207 12PAs o T Y
A3 8 11DAS Ve 5118 160 g
Vecd 9 10 D A4 AT g me
A7 |cng
2003 A8
MT4C1006
20 Pin SOJ
Din G- 25 h vss
WE(Q 2 251 Dout
RAS O 3 240 CAS
NC {4 230 NC
*A100 5 220 A9
AQd9 18 A8
A1 Q10 170 A7
A2g 1 161 A6
A3 12 150 A5
vee O 13 140 A4
*Address not used for RAS only refresh
NOTE: Package Information To Be Determined.

Also, the chip is preconditioned for the next cycle during
the RAS high time. Memory cell data is retained in its cor-
rect state by maintaining power and executing any RAS
cycle (READ, WRITE, RAS only, CAS-before-RAS, or
Hidden refresh) so that all 1024 combinations of RAS
addresses (A0-A9) are executed at least every 16ms, re-
gardless of sequence.

STATIC COLUMN operations allows faster data
operations (READ, WRITE or READ-MODIFY-WRITE)
within a row address (A0-A9) defined page boundary.

The STATIC COLUMN cycle is always initiated with a
row address strobed in by RAS followed by a column
address strobed in by CAS. By holding RAS low, the
column address may be toggled strobing in different col-
umn addresses executing faster memory cycles. Returning
RAS high terminates the STATIC COLUMN operation.
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FUNCTIONAL BLOCK DIAGRAM
- STATIC COLUMN
-] COLUMN ADDRESS
T STROBE INPUT  CAS 8 =i CLOCKC %%IIIJI#ATOR —0 Ve (V)
ROW ADDRESS ~ RAS —>1
(0 Vg (V)
> STROBE INPUT O |—§D
g WRITE CONTROL ~ —
INPUT  WE _LAO-Am ! y
=
oA, ::I COLUMN DECODER |<<> =g | O O OATAITRUT
Ay CO— Il | ¢ 332
Ay « SENSE REFRESH
A 3 % . AMPLIFIER & |/0 CONTROL
A, 3% - <
ADDRESS INPUTS < A 83 o L=
Ag Ju 8 MEMORY CELL a2
A, E5[|Ao| Z (4,194,304 BITS) » = O @ DATAOUTPUT
A =2 = =2
8 S
A9 o
~ A |
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE iR tC NOTES
Standby H H H X X High Impedance
READ L L H ROW | COL | Data Out
WRITE L L L ROW | COL | Dataln
(EARLY-WRITE)
READ-WRITE L L H—L—H| ROW | COL | Valid Data Out,
Valid Data In
STATIC COLUMN L L H ROW | COL | Valid Data Out,
READ COL | Valid Data Out
STATIC COLUMN L L L ROW | COL | Valid Data In
WRITE COL | Valid Data In
STATIC COLUMN L L H—L—H| ROW | COL | Valid Data Out,
READ-WRITE COL | Valid Data In
RAS ONLY L H H ROW | n/a High Impedance
REFRESH
HIDDEN L—=H-L L H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H—-L L H X X High Impedance
RAS REFRESH

1-142



PRELIMINARY

MICRON MT4C1006

ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under “Absolute Maxi-
Voltage on Vcc supply relative to Vss........ -1.0V to +7.0V mum Rgt{ngs” may cause permanent dgmage to th? de-
Operating Temperature, Ta(Ambient) ..........0°C to +70°C vice. This is a stress rating only and functional operation of
Storage Temperature (Ceramic) ................ -65°C to +150°C the device at these or any other conditions above those
Storage Temperature (Plastic) ................. -55°C to +150°C indicated in the operational sections of this specification is
Power Dissipation .........c..ccocovciieicicninicicicnnees 1 Watt not implied. Exposure to absolute maximum rating condi-

Short Circuit Output Current ..........cccccocovcvicrinnnns 50mA tions for extended periods may affect reliability.

DC ELECTRICAL CHARACTERISTICS
(Notes : 1,3, 4,6,7) (0°C < T, <70°C, = 5.0V + 10%)

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
OPERATING CURRENT Icct 60 mA 3,4
(RAS and CAS = Cycling: trRc = tRC(MIN))

OPERATING CURRENT: STATIC COLUMN lcce 50 mA 3,4
(RAS = ViL, CAS = Cycling: trc = tPcMINy)

STANDBY CURRENT: TTL INPUT LEVELS [ofox] 2 mA

Power supply standby current (RAS = CAS = ViH
after 8 RAS cycles min.)

STANDBY CURRENT: CMOS INPUT LEVELS lcca 0.5 mA
Power supply standby current (RAS = CAS = Vcc -0.2V
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2V)

REFRESH CURRENT: RAS ONLY lccs 60 | mA 3
(RAS = Cycling: CAS = Vin)
REFRESH CURRENT: CAS-before-RAS lccs 60 | mA | 3,5

(RAS and CAS = Cycling)

INPUT LEAKAGE CURRENT
(any input (OV < ViNn < Vcc), I -10 10 pHA
all other pins not under test = 0 volts)

OUTPUT LEAKAGE CURRENT

(Dourt is disabled, OV < VouT < Vce) loz -10 10 A
OUTPUT LEVELS

Output High voltage (lout = -5mA) Vo 2.4 \" 1
Output Low voltage (lout = 5mA) Vou 0.4 \

RECOMMENDED DC OPERATING CONDITIONS
(0°C < T, £70°C)

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 45 5.5 \ 1
Input High (Logic 1) Voltage, All Inputs ViH 2.4 | Vcc+l Vv 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 ) 1
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CAPACITANCE
B | rareverr symoL | MmN | max | uiTs | NOTES
U Input Capacitance (Ao-Ag), Din Cn 5 pF 2
1) Input Capacitance RAS, CAS, WE Ci2 7 pF 2
> Output Capacitance Dour Co 7 pF 2
=

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12,13) (0°C < T, < +70°C, Vco = 5.0V + 10%)

A.C. CHARACTERISTICS -8 -10 -12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time 'Rc 150 190 220 ns
READ-MODIFY-WRITE cycle time ‘RWC 180 220 255 ns

Access time from RAS 'RAC 80 100 120 ns 14
Access time from CAS 'cAc 20 25 35 ns 15
Access time from column address taA 40 50 60 ns

Access time from CAS precharge 'CPA 40 50 60 ns

RAS pulse width 'RAS 80 10,000 100 10,000 | 120 10,000 ns

RAS hold time 'RSH 20 25 35 ns

RAS precharge time 'RpP 60 80 90 ns

CAS pulse width cas 20 10,000 25 10,000 35 10,000 ns

TAS hold time 'CsH 80 100 120 ns

CAS precharge time 'CPN 15 15 20 ns 16
RAS to CAS delay time 'RCD 10 75 10 75 25 85 ns 17
CAS to RAS precharge time ‘cRpP 10 10 10 ns

Row address set-up time ‘ASR 0 0 0 ns

Row address hold time 'RAH 10 10 15 ns

RAS to column 'RAD 10 50 10 50 10 60 ns 18
address delay time

Column address set-up time 'ASC 0 0 0 ns

Column address hold time 'CAH 15 15 25 ns

Column addres_sh_old time ‘AR 50 60 110 ns
(referenced to RAS)

Column address to 'RAL 40 50 60 ns

RAS lead time

Read command set-up time ‘RS 0 0 0 ns

Read command hold time 'RCH 0 0 0 ns 19
(referenced to CAS)

Read command hold time 'RRH 0 0 0 ns 19
(referenced to RAS)

‘CAS to output in low-Z ‘cLz 5 5 5 ns

Output buffer turn-off delay 'OFF 0 25 0 25 5 ns 20
WE command set-up time 'wes 0 0 0 ns 21
Write command hold time 'WCH 15 20 0 ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 6, 7, 8,9, 10, 11, 12, 13) (0°C < TA < +70°C, Vcc = 5.0V + 10%) -
A.C. CHARACTERISTICS -8 -10 -12

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES U
Write command hold time 'WCR 35 70 105 ns m
(referenced to RAS)

Write command pulse width 'wp 15 20 25 ns >
Write command to RAS lead time 'RWL 25 25 35 ns g
Write command to CAS lead time fcwL 25 25 35 ns

Data-in set-up time 'Ds 0 0 0 ns 22

Data-in hold time 'DH 15 15 25 ns 22

Data-in hold time 'DHR 35 70 110 ns

(referenced to RAS)

RAS to WE delay time 'RWD 70 90 120 ns 21

Column address 'AWD 40 50 60 ns 21

to WE delay time

TAS to WE delay time ‘cwb 30 35 35 ns 21

Transition time (rise or fall) T 3 50 3 50 3 50 ns 9,10

Refresh Period (512 cycies) 'REF 16 16 16 ms

RAS to CAS Precharge time ‘RPC 0 0 0 ns

TAS set-up time 'csR 10 10 10 ns 5
(CAS-before-RAS refresh)

CAS hold time 'CHR 20 20 20 ns 5

(CAS-before-RAS refresh)
RAS pulse width (STATIC COLUMN) 'RASC 80 100,000 100 100,000 120 100,000 ns

CAS precharge time (STATIC COLUMN) cp 10 10 15 ns
STATIC COLUMN MODE 'sc 55 55 60 ns
cycle time

STATIC COLUMN READ-MODIFY- 'SRMW 135 135 140 ns
WRITE cycle time

Last write to column address 'LWAD 20 85 25 95 30 100 ns
delay time

Last write to column address tAHLW 85 95 100 ns
hold time

Output data hold time from 'AOH 5 — 5 - 5 — ns
column address

Output data enable from write tow — 25 — 25 — 30 ns
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. All voltages referenced to Vss.

. This parameter is sampled. Capacitance is calculated
from the equation C = IAt with AV =3V and Vcc =
5V. AV

3. Iccis dependent on cycle rates.

4. Iccis dependent on output loading. Specified values
are obtained the output open.

5. Enables on-chip refresh and address counters.

NOTES
1
2

6. The minimum specifications are used only to indicate

cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. An initial pause of 100us is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 16ms refresh
requirement is exceeded.

8. AC characteristics assume ‘T = 5ns.

9. ViH min and ViL max are reference levels for

measuring timing of input signals. Transition times

are measured between Vin and VIL (or between ViL

and Vin).

In addition to meeting the transition rate specifica-

tion, all input signals must transit between Vin and

10.

ViL (or between ViL and ViH) in a monotonic manner.

11.
12.

If CAS = Vi, data output is high impedance.

If CAS = V1L, data output may contain data from the
last valid READ cycle.

Measured with a load equivalent to 2 TTL gates and
100pF.

Assumes that 'RCD < 'RCD (max). If 'RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

15. Assumes that 'RCD > 'RCD (max).

16. If CAS is low at the falling edge of RAS, Dout will

13.

14.

17.

18.

19.

20.

21.

22.

23.

be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for ‘CPN.

Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference point only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by ‘CAC.

Operation within the ‘RAD (max) limit ensures that
'RCD (max) can be met. '‘RAD (max) is specified as a
reference Point only; if 'RAD is greater than the
specified RAD (max) limit, then access time is con-
trolled exclusively by 'AA.

Either 'RCH or 'RRH must be satisfied for a READ
cycle.

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Vo ot VoL.

'WCS, 'RWD, "AWD and ‘CWD are restrictive
operating parameters in late WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If 'WCS >
'WCS (min) the cycle is an early WRITE cycle and the
data output will remain an open circuit throughout
the entire cycle. If 'RWD > 'RWD (min), 'AWD >
'AWD (min) and 'CWD > 'CWD (min) the cycle is a
READ-WRITE and the data output will contain data
read from the selected cell. If neither of the above
conditions are met the state of data out (at access
time and until CAS goes back to Vin) is indetermi-
nate.

These parameters are referenced to CAS leading
edge in early WRITE cycles and WE leading edge in
late WRITE or READ-WRITE cycles.

A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW.
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READ CYCLE

tre
trRAS trp
RS i
tesH
tRsH tRRH
tcrp trcD tcas

Vg =
B V:'C -__/ . y /
AR

tRAD YRAL
tAsR tRAH tasc tcaH

ADDR UM

Vit :m( Row ’m ‘ COLUMN ”W/ : Y ﬁ( oW
|‘ I" RCS RCH
w T

taa

trRaC
teac toFF
tez

0 Vo OPEN VALID DATA OPEN
OUT Vo - —

EARLY-WRITE CYCLE

tre
tRAS trP.
vy, —
RAS M
- S —
tesH
tRSH
tcre tRCD tcas
v .
tAs M ‘/F
([
tAR
tRAD tRAL
tASR tRAH tasc tcaH
ViH - -
ADDR ROW L COLUMN ROW
tew I
tRwL -
twer
twes twen
twp
Vv -
H
W Vi —l
[ toHR
[
tos toH
V| =
oW LTI vawo oan Ly,
VoH —
Doyt VgL E OPEN

DON'T CARE
m UNDEFINED
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ADDR

O

Dout

READ-WRITE CYCLE
READ-MODIFY-WRITE CYCLE

tRwe

trAS trP
Viw -
iL -
tes
tRSH
| tcrp treD tcas
ViH = I
Vi -;_4/ \;\ /|
tAR
tRAD tRAL
tasr tRAH tasc tcan
VIH - R
v K __eon iy, S Y/ JI/IX_rom
it b k_ b
tRwD toewe |
tres tcwo tRw
tawp twp
W I
ViL =
tos ton
w 7 W K/ 7
VALID DATA
Vit = | VAUD DATA ]
[N taa
~ tRAC
tcac toFF
—~tciz f—
il ]
I A P
VoL = OPEN L VALID DAT. OPEN
tRASC tRp
VY s
RAS vi'_ X 7 R
tASR 'RAH | 'sc | tsc tRAL ['AH
)
ADDR YH OW COLUMN Y COLUMN 3 COLUMN 3
ViL ADDRESS {__ ADDRESS fx _ ADDRESS ADDRESS
t t *chl _I
RAD | ASC cre |
AR tep tRSH
—_ Vo ' tcsc tcsc .
oS vir's {ACS D | RRH
reo | | t L . tRes tRCH
0 CSH ‘l %S
wE VIH-7) T Y
we w7 {/W | 1cac, tan tan W
OF7 -~
tRAC tAOH
Doyt YOH— VALID VALID { VALD
OUT VoL~ @1 DATA ,[@3 DATA 1 DATA
‘oz~ teiz

M DON'T CARE

m UNDEFINED
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STATIC COLUMN EARLY-WRITE CYCLE

tRASC tRP
| 1
'asR N 'RAH | tcAH tRAL
a0oR Y1 ADDRESS T /) G
tAWR tcp tRSH
tRAD | 'asc -l .ﬂ tCRP
tcs |
Vi p I —
CAS ViL— tRCD j‘ ;P \___/
'sc _, towL
2| Lws B
L tws |y 2w il
= i —UEA
DHR o
tps | ~
o T SR KK e YK X
Dour V= OPEN
STATIC COLUMN READ-WRITE CYCLE
tRASC tRP
—r .
RS 315: \ 'RAL N
'ASR MI tcaH | tRWL
o Ve e YT W T
IL ADDRESS ADDRESS k__ ADDRESS
I RAD | |etASC tsRWC tcRP
— V= Y _lcwp 'LwaAD
CAS Vi — tRCS :1
l tAwD towL
tRWD tAwD
w7 s ’L;_/—
! tRCD I'Ds ‘DH
R/ bR
tcac |'wo+l tAA
t
tRAC > «,u_wl Ao : tow tOFF
Ll
Dour yQH= £ vaupDaTA VALID DATA ———
oz | |-

V/A DON'T CARE
m UNDEFINED
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ADDR

Dout

ADDR

Dout

Vig =
ViL -

terp

RAS ONLY REFRESH CYCLE
(ADDR = A, -Ag; A, and WE = DON'T CARE.)

tre

trAS

. trp

S U

Vi =
ik —/

tASR tRAH

v A

ROW

K

VoH —

VoL =

Vi - R

OPEN

CAS-BEFORE-RAS REFRESH CYCLE

(Ay - A

10’

trAS

WE and OE = DON'T CARE)

trp

Vie -
tcsr tcHR
ViH - /(
ViL -
VoH -
VoL = OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)
(READ) (REFRESH)
tRAS L trp tRAS
V. N zl 1&
([ S £
L tcrp trReD | tRsH teHR
Vi = ————
ViL - X
tar
tRAD tRAL
tasr || _'RAH tasc || tcaH
:/,}f :m ROW COLUMN /
taa
trAC
tcac o et
tez
xgr - OPEN ———— X000 VALID DATA b— OPEN —

Y .
///A DON'T CARE
m UNDEFINED
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ORDER INFORMATION

4 MEG x 1, 100ns in Plastic SOJ

PRODUCT #

PACKAGE|| SPEED

—1 1 _I'__J
MT4C1006 DJ -10
The Micron 4 MEG DRAM family is manufactured and

quality controlled in Micron’s modern Boise, Idaho USA
facility using its low power, high performance CMOS

silicon gate process. They are functionally equivalent to
other manufacture's products meeting JEDEC standards.
Several parameters are sampled; however, fuctionality is
consistently assured over a wider power supply, tempera-
ture and refresh range than specified. Each unit receives
accelerated burn-in and several hours of AMBYX™ system
level testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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DYNAMIC RAMs
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MULTIPORT DYNAMIC RAMs (VRAMs)

STATIC RAMs

CACHE DATA RAMs

FIFO MEMORIES
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MICRON

| DRAM MODULES

DRAM MODULE PRODUCT SELECTION GUIDE

Memory Optional Power Dissipation Package
Configuration Access Cycle Part Number Access Time (ns) Standby Active SIP | SIMM | Process | Page
64K x 8 Page Mode MT8068M,MN 100,120,150,200 45mw 450mw | 30 30 | NMOS | 2-3
64K x 9 Page Mode MT9068M,MN 100,120,150,200 45mw 450mw | 30 30 | NMOS | 2-13
256K x 4 Page Mode MT4259M,MN 80,100,120,150 60mw 600mw | 22 22 | NMOS | 2-23
256K x 5 Page Mode MT85259M,MN 80,100,120,150 60mw 600mw | 24 24 | NMOS | 2-33
256K x 8 Page Mode MT8259DMN 80,100,120,150 135mw 1350mw | 30 30 | NMOS | 2-43
256K x 8 Page Mode MT8259M,MN 80,100,120,150 135mw 1350mw | 30 30 | NMOS | 2-53
256K x 9 Page Mode MT9259DMN 80,100,120,150 135mw 1350mw | 30 30 | NMOS | 2-63
256K x 9 Page Mode MT9259M,MN 80,100,120,150 135mw 1350mw | 30 30 | NMOS | 2-73
256K x 36 Page Mode MT8C3656M,MN 100,120,150 140mw 2000mw | 72 72 | G/NMOS| 2-83
1 Meg x 8 Static Column MT8C8026M,MN 100,120,150 45mw 1575mw | 30 30 | CMOS |2-115
1 Megx8 Nibble Mode MT8C8025M,MN 100,120,150 45mw 1575mw | 30 30 | CMOS (2-103
1 Megx8 Fast Page Mode MT8C8024M,MN 100,120,150 45mw 1575mw | 30 30 | CMOS | 2-93
1 Megx9 Static Column MT8C9026M,MN 100,120,150 45mw 1575mw | 30 30 | CMOS |2-149
1Meg x9 Nibble Mode MT8C9025M,MN 100,120,150 45mw 1575mw | 30 30 | CMOS |2-137
1 Megx9 Fast Page Mode MT8C9024M,MN 100,120,150 45mw 1575mw | 30 30 | CMOS |2-127
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MT8068

DRAM
MODULES

64K x 8 DRAM

FEATURES

e Industry standard pin-out in a 30-pin single-in-line
memory module

¢ Single 5V+10% power supply

e All inputs, outputs and clocks are fully TTL
compatible

¢ Low power, 45mW standby, 450mW active, typical

¢ On-board power supply decoupling capacitors
(0.2uf) for low noise

¢ Refresh modes: RAS only, CAS before RAS, and
Hidden

® 256 cycle refresh distributed across 4ms

¢ Optional Page Mode access cycle

OPTIONS MARKING
¢ Timing
80ns access -8
100ns access -10
120ns access -12
150ns access -15
¢ Organization
64K x 8 MT8068
* Packages: Leadless 30-pin SIMM M
Leaded 30-pin SIP MN

AQ0-A7 Address Inputs CAS Column Address Strobe
DQ1 - DQ8 | Data-In/Data-Out | D9 Data-in

Q9 Data-Out RAS Row Address Strobe

W Write Enable Voo Power (+5V)

Vss Ground

GENERAL DESCRIPTION

The MT8068M/MN is a randomly accessed solid-state
memory containing 65,536 bits organized in a x8 configu-
ration. The 14 address bits are entered 7 bits at a time using
RAS to latch the first 7 bits and CAS the latter 7 bits. If the

PIN ASSIGNMENT (Top View)

Voo
CAS
Q1
A0
At
DpQ2
A2
A3 (8)
Vs (9)
DQ3 (10)
A4 (11)
A5 (12)
DQ4 (13)
A6 (14)
A7 (15)
DQ5 (16)
NC (17)
NC (18)
NC (19)
DQ6 (20)
W 21)
Vss (22)
DQ7 (23)
NC (24)
DQ8 (25)
NC (26)
RAS (27)
NC (28)
NC (29)
Voo (30)

)
@
[}
(4
(5
(6)
@]

VDD
CTAS
bat

DQ2

DQ3

DQ4

NINS908LIN

MC

WE pin goes low prior to CAS going low, the output pin
remains open until the next CAS cycle.

By holding RAS low, CAS may be toggled to execute
several faster READ or WRITE cycles within the RAS
address defined PAGE boundary. Returning RAS high
terminates the memory cycle and decreases chip current to
a reduced standby level. Also the chip is preconditioned
for the next cycle during the RAS high-time. Memory cell
data is retained in its correct state by maintaining power
and executing a RAS (Refresh) cycle so that all 256 combi-
nations of RAS addresses are executed atleast every 4 msec
(regardless of sequence). Micron recommends evenly
spaced refresh cycles for maximum data integrity.

2-3
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MICRON MT8068

FUNCTIONAL BLOCK DIAGRAM

8

s (21
(2)
o (@ e
A1 ®)
) r"v'—;;;n
a3 —® TR
a4 (11) w
AS (12) ' UEU‘DQ] ) 0Q1
a6 (14) DQ2 ((160)) DQ2
a0 oos [08) o0y
Voo Vss
\-ﬁr‘— AO-A7
RAS
TAS
Uy, U, = MT4067EJ s
Ci - C, = 0.2 uf Uznm ((122; Das
e o
DQ3
DQ4 ﬁ.%_)_ DQ8
Voo Vss
(1,30)
Voo
¢, 1c
ves (9,22)I T
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE NOTES
tR tC
Standby H H H X X High Impedance
READ L L H ROW | COL | Data Out
WRITE L L L ROW | COL | Dataln
(EARLY-WRITE)
PAGE-MODE L H—L—H, H ROW | COL | Valid Data Out,
READ H—L—H Valid Data Out
PAGE-MODE L H—L—H, L ROW | COL | Valid Data In,
WRITE H—L—H Valid Data In
RAS ONLY L H H ROW | n/a High Impedance
REFRESH
HIDDEN L—H-L L H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H—-L L H X X High Impedance
RAS REFRESH
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss........-1.0V to +7.0V
Operating Temperature, TA(Ambient) ..........0°C to +70°C
Storage Temperature
Power Dissipation ..................

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification is

Short Circuit Output Current .........c.ooeeevvericiverennnn. 50mA not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS
(0°C < TA <70°C) (Vce = 5.0V £10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES

Supply Voltage Vcce 4.5 5.5 \

Input High (Logic 1) Voltage, All Inputs Vin 2.4 |Vcc+l Vv 1

Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \ 1

INPUT LEAKAGE

Input leakage current, any input (OV < Vin < Vcc), h -80 80 A

all other pins not under test = 0 volts

OUTPUT LEAKAGE

Output leakage current (Dour is disabled, loz -80 80 pA

0V < VouT £ Vcc)

OUTPUT LEVELS

Output High (Logic 1) voltage (lout = -5mA) VoH 2.4 \ 1

Output Low (Logic 0) voltage (lout = 5mA) VoL 0.4 \

PARAMETER/CONDITION

SYMBOL| -8 |-10|-12| -15 |UNITS | NOTES

STANDBY CURRENT: TTL input levels
(RAS = CAS = ViH after 8 RAS cycles)

lcct |15 (15| 15[ 15| mA

OPERATING CURRENT
(RAS and CAS = Cycling: trc = tRcMIN))

lcc2 |195]165|165{135| mA 2

OPERATING CURRENT: PAGE MODE
(RAS = ViL, CAS = Cycling: trc = tPc(MIN))

lcca |195(165]165{135| mA 2

REFRESH CURRENT: RAS ONLY
(RAS = Cycling: CAS = ViH: tRC = tRCMIN))

lcca |165{120({120{105| mA 2

REFRESH CURRENT: CAS-before-RAS lccs |195(165(165/135| mA 2,19
(RAS and CAS = cycling, trc = tRC(MIN))

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-As) Cn 15 pF 17
Input Capacitance RAS, CAS, WE Ci2 24 pF 17
Output Capacitance Dour, Din Co 7 pF 17

s31naow wvya
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MT8068

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 3, 4,5, 10, 11, 17, 18) (0°C < T, < 70°C) (Vec = 5.0V +10%)

A.C. CHARACTERISTICS -8 -10 -12 -15

PARAMETER SYM MIN | MAX MIN MAX MIN MAX MIN MAX | UNITS | NOTES
Random READ or WRITE cycle time e 150 195 230 260 ns 6,7
PAGE-MODE cycle time pc 75 90 100 120 ns 6,7
Access time from RAS 'RAC 80 100 120 150 ns 7,8
Access time from CAS 'caC 40 50 60 75 ns 7,9
RAS pulse width 'RAS 80 10,000 | 100 [10,000 | 120 (10,000 | 150 [10,000 | ns

RAS hold time 'RSH 40 50 60 75 ns

RAS precharge time 'RP 60 80 90 100 ns

CAS pulse width 'cAs 40 10,000 | 60 10,000 | 60 10,000 | 75 10,000 | ns

TAS hold time 'CSH 80 110 120 150 ns

‘CAS precharge time 'cpN 20 25 25 30 ns 18
CAS precharge time (PAGE-MODE) 'cp 25 30 30 35 ns

RAS to CAS delay time 'RcD 20 40 25 50 25 60 25 75 ns 13
CAS to RAS set-up time 'cRP 10 15 20 20 ns

Row address set-up time 'ASR 0 0 0 0 ns

Row address hold time 'RAH 15 15 15 15 ns

Column address set-up time ‘asc 0 0 0 0 ns

Column address hold time 'CAH 15 20 20 25 ns

Column address hold time ‘AR 50 70 80 100 ns
referenced to RAS

READ command hold time RcH 0 0 0 0 ns 14
referenced to CAS

READ command hold time 'RRH 0 0 0 0 ns
referenced to RAS

Qutput buffer turn-off delay 'OFF 0 25 0 30 0 30 0 35 ns 12
WE command set-up time 'wes 0 0 0 0 ns

WRITE command hold time 'WCH 15 35 40 45 ns

WRITE commald_hold time 'WCR 35 85 100 120 ns
referenced to RAS

WRITE command pulse width ‘wp 15 35 40 45 ns

WRITE command to RAS lead time 'RwL 35 35 40 45 ns

WRITE command to CAS lead time ‘cwL 35 35 40 45 ns

Data-in set-up time ‘ 'ps 0 0 0 0 ns 15
Data-in hold time 'DH 15 35 40 45 ns 15
Data-in hold time DHR 35 85 100 120 ns
referenced to RAS

Transition time (rise or fall) 7 3 100 3 100 3 100 3 100 ns 5,16
Refresh Period (256 cycles) 'REF 4 4 4 4 ms

TAS set-up time 'csR 10 10 10 10 ns 19
(CAS-before-RAS refresh)

CAS hold time 'CHR 15 20 25 30 ns 19
(CAS-before-RAS refresh)
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NOTES

1.
2.

10.
11.

All voltages referenced to Vss.

Icc is dependent on output loading and cycle rates.
Specified values are obtained with minimum cycle
time and the output open.

An initial pause of 100us is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 4ms refresh require-
ment is exceeded.

AC characteristics assume 'T = 5ns.

Vin min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and ViL.

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.
Measured with a load equivalent to 2 TTL gates and
100pF.

Assumes that 'RCD < 'RCD (max). If 'RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

Assumes that 'RCD > 'RCD (max).

If CAS = Vin, data output is high impedance.

If CAS = Vi1, data output may contain data from the
last valid READ cycle.

12.

13.

14.

15.

16.

17.

18.

19.
20.

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Vo or VoL.

Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference point only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by 'CAC.

'RCH is referenced to the first rising edge of RAS or
CAS.

These parameters are referenced to CAS leading
edge in early WRITE cycles.

In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vix and

ViL (or between ViL and ViH) in a monotonic manner.

Capacitance calculated from the equation C = IAt
AV
with AV =3V and Vcc = 5V. This parameter is
sampled.
If CAS is low at the falling edge of RAS, DouT will
be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for 'CP. Note 8 applies to determine
valid data out.
On-chip refresh and address counters are enabled.
A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case set WE = LOW.

2-7
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READ CYCLE
tre
L tRAS N trp
— - | —
RS A
tesH
tRSH tRRH

tere trco tcas

Vi = 7
oW _ /
tAR
tAsR tRAH tasc tcaH

ADDR x:r :m ROW m COLUMN ROW

’ tres tRCH
Vi —
IH ZZ;)\Y
WE
ViL ~

EARI:Y-WRITE CYCLE
sy B - QJ;_:RP— |
.
s (Mo N A\ /
oo 1 T7A WA v;sW//J )
™ W T /////{/ . :R Y/

ow it /LT /»£ o o KT,

) -
Dourt Vgt‘ = OPEN

DON'T CARE
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MICRON MT8068

PAGE-MODE READ CYCLE

tRAS trp
IV —
RAS  VIH
viL - 3 \
tesH
tpc tRSH
_ tcre trep teas tep tcas . tep tcas tepn
Vig = )
RS gy / Y /] N N
tar
tasr tRAH tasc tcaH tasc tcaH tasc tcan

\2 - s ¥y Y
ADOR M _ma ROW i@( COLUMN Mﬂ COLUMN Wm; COLUMN W //7/ / M ROW
L A A - A

- tres |->— tres |-~ ¢ ——l [~ tRRH
h*ﬁ— tRCH r— AJ tRCH — r ‘) Rex
L Y XU N T

teac tcac tcac
tRAC

VoH - { VALID _f VALD VALID
Dout v - OPEN DATA DATA DATA OPEN

PAGE-MODE EARLY-WRITE CYCLE

trRAS trp
% VY m
A v N 2 b
tesk
tpc tRsH
L tcrp trCD tcas n tep tcas tcas tepn
CAS ViL - \ 1 1 J K
tAR
tasr || tRAH tasc tcan tasc || tcaH tasc || tcaH
Vip < —
ADDR V:'L*_ ROW j COLUMN m COLUMN ,Wm COLUMN /// // W ROW
tewe | towe | towe |
twes twen o twes || twew ' twes_||twer K
twe twe twp
I il Wi, 7 T
i /L, 2
twer tRwL i
tDHR Ik
tos toH tos toH tos toH
Vi = i y
Din K VALID DATA VALID DATA VALID DATA
Vi k__

DON'T CARE
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MICRON MT8068

ADDR

Dout

ADDR

Doyt

RAS ONLY REFRESH CYCLE

(ADDR = A, - A; A, and WE = DON'T CARE.)

tras

ViH -
Vi -

i

tere

Vig -
ViL - /

tasr tRAH
w A K i
‘\fgf: OPEN
CAS-BEFORE-RAS REFRESH CYCLE
(A0 - A8 WE, OE = DON'T CARE.)
tRAS - trp
e —

tcrp tCHR |
Vi - J
ViL - f
ng E OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)
(READ) (REFRESH)
trAS tre tRAS
e l 7[ 1\ ,
: __ tcre treD tRSH tenr o
Wi/ t ]z
AR
tAsR tRAH tasc tean
Vi £ § Y
/11 SR ST Y/
cAaC
traC o et
38[‘ K OPEN VALID DATA OPEN —

[/} oon't care
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MICRON

MT8068

ORDER INFORMATION

64K x 8, 120ns access, Leadless SIMM

PRODUCT # | |[PACKAGE || SPEED

MT8068M -12

The Micron 64K x 8 DRAM module is manufactured and
quality controlled in Micron’s modern Boise, Idaho USA
facility using its low power, high performance NMOS

double-poly process. They are functionally equivalent to
other manufacture's products meeting JEDEC standards.
Several parameters are sampled; however, fuctionality is
consistently assured over a wider power supply, tempera-
ture and refresh range than specified. Each unit receives
accelerated burn-in and several hours of AMBYX™ system
level testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.

2-11
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MICRON

MT9068

DRAM
MODULES

64K x 9 DRAM

FEATURES

¢ Industry standard pin-out in a 30-pin single-in-line
memory module

* Single 5V+10% power supply

¢ All inputs, outputs and clocks are fully TTL
compatible

* Low power, 45mW standby, 450mW active, typical

* On-board power supply decoupling capacitors
(0.2uf) for low noise

¢ Refresh modes: RAS only, CAS before RAS, and
Hidden

® 256 cycle refresh distributed across 4ms

¢ Optional Page Mode access cycle

OPTIONS MARKING
¢ Timing
80ns access -8
100ns access -10
120ns access -12
150ns access -15
¢ Organization
64K x 9 MT9068

* Packages: Leadless 30-pin SIMM M

Leaded 30-pin SIP MN
A0-A7 Address Inputs TAS, TAS9| Column Address Strobe
DQ1 - DQ8 | Data-In/Data-Out D9 Data-In
Q9 Data-Out RAS Row Address Strobe
W Write Enable Vop Power (+5V)
Vss Ground
GENERAL DESCRIPTION

The MT9068M/MN is a randomly accessed solid-state
memory containing 65,536 bits organized in a x9 configu-
ration. The 16 address bits are entered 8 bits at a time using
RAS to latch the first 8 bits and CAS the latter 8 bits. If the

PIN ASSIGNMENT (Top View)

Voo
CAS
DQt
A0
Al
DQ2

(1)
@
(]
U]
©)
6)
@
(®
©)
(10)
(1
(12)
(13
(14)
(15)
(1)
(17)
(18)
(19
(20)
(21)

Voo
CAs
DAt

DQ2

A3

DQ3 [ ok)
A5
DQ4 DQ4
A7
005 bas
NC
NC

NIN8906LIN

Vss
ba7
NC
Das

(23
(24)
(25)
(26)
(@7)
(28)
(29)
Voo (30)

DQ8
CAS9

RAS
CAS9

MC

WE pin goes low prior to CAS going low, the output pin
remains open until the next CAS cycle.

By holding RAS low, CAS may be toggled to execute
several faster READ or WRITE cycles within the RAS
address defined PAGE boundary. Returning RAS high
terminates the memory cycle and decreases chip current to
a reduced standby level. Also the chip is preconditioned
for the next cycle during the RAS high-time. Memory cell
data is retained in its correct state by maintaining power
and executing a RAS (Refresh) cycle so that all 256 combi-
nations of RAS addresses are executed at least every 4 msec
(regardless of sequence). Micron recommends evenly
spaced refresh cycles for maximum data integrity.

2-13
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MICRON MT9068

FUNCTIONAL BLOCK DIAGRAM

RAS (27)
o e (o
Al (5)
a2 @ 484 no-a7
A3 (8) g
At (11) w
AS 02) KU‘ oa1 (:; oQ1
A6 (14) 0Q2 [ DQ2
A o L 5
Voo Vss
b—e/— AO—-A7
RAS
TAS
Uy, U, = MT4067EJ ;’EU
Us = MT1259EJ 2oer {55 oee
Ci — Cs = 02 uf ggi’%ggg
Voo Vss
‘—B/— AD-A7
) g Uy
o o el g
Voo Vss
Voo (1,30)
S
Vss (9,22) T ]:
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE NOTES
tR tC
Standby H H H X X High Impedance
READ L L H ROW | COL | Data Out
WRITE L L L ROW | COL | DataIn
(EARLY-WRITE)
PAGE-MODE L H—L—H, H ROW | COL | Valid Data Out,
READ H—L—H Valid Data Out
PAGE-MODE L H—L—H, L ROW | COL | Valid Data In,
WRITE H—L—H Valid Data In
RAS ONLY L H H ROW | n/a High Impedance
REFRESH
HIDDEN L—=H—-L L H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H-L L H X X High Impedance
RAS REFRESH
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MICRON MT9068

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss.......... -1.0V to +7.0V
Operating Temperature, TA(Ambient) .......... 0°C to +70°C
Storage Temperature ..........cccccccccvrveriennnas -55°C to +150°C

Power Dissipation .....................
Short Circuit Output Current

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification is

not implied. Exposure to absolute maximum rating condi- -

tions for extended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C < T, <70°C) (Ve = 5.0V £10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \"
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+l \ 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \ 1
INPUT LEAKAGE
Input leakage current, any input (OV < Vin < Vcc), li -90 90 HA
all other pins not under test = 0 volts
OUTPUT LEAKAGE
Output leakage current (Dour is disabled, loz -90 90 uA
0V < Vout £ Vcc)
OUTPUT LEVELS
Output High (Logic 1) voltage (louTt = -5mA) VoH 2.4 \ 1
Output Low (Logic 0) voltage (lout = 5mA) VoL 0.4 )
MAX

PARAMETER/CONDITION SYMBOL| -8 |-10{-12| -15 |UNITS | NOTES
STANDBY CURRENT: TTL input levels lcct |15 (1515 15 | mA
(RAS = CAS = ViH after 8 RAS cycles)
OPERATING CURRENT lcc2 |195|165]165)135| mA 2
(RAS and CAS = Cycling: trc = tRc(MIN))
OPERATING CURRENT: PAGE MODE lcca |195[165]165/135| mA 2
(RAS = Vi, CAS = Cycling: trc = tPc(MIN))
REFRESH CURRENT: RAS ONLY lcca |165[120(120]105| mA 2
(RAS = Cycling: CAS = ViH: trc = tRC(MIN))
REFRESH CURRENT: CAS-before-RAS lccs |195(165(165)135| mA 2,19
(RAS and CAS = cycling, tRc = tRC(MIN))

CAPACITANCE
PARAMETER SYMBOL | MIN MAX | UNITS | NOTES
Input Capacitance (Ao-As) Cn 15 pF 17
Input Capacitance RAS, CAS, WE Ci2 24 pF 17
Output Capacitance Dout, DN Co 7 pF 17

2-15
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MICRON

MT9068

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 3, 4,5, 10, 11, 17, 18) (0°C < T, <70°C) (Vce = 5.0V +10%)

A.C. CHARACTERISTICS -8 -10 -12 -15

PARAMETER SYM MIN | MAX | MIN MAX | MIN MAX | MIN MAX | UNITS | NOTES
Random READ or WRITE cycle time 'RC 150 195 230 260 ns 6,7
PAGE-MODE cycle time 'pc 75 90 100 120 ns 6,7
Access time from RAS 'RAC 80 100 120 150 ns 7,8
Access time from CAS 'cAac 40 50 60 75 ns 7,9
RAS pulse width 'RAS 80 [10,000 | 100 {10,000 | 120 [10,000 | 150 [10,000 ns

RAS hold time 'RSH 40 50 60 75 ns

RAS precharge time 'RP 60 80 90 100 ns

CAS pulse width cas 40 (10,000 | 60 [10,000 | 60 10,000 | 75 [10,000 | ns

TAS hold time 'CSH 80 110 120 150 ns

‘CAS precharge time 'cPN 20 25 25 30 ns 18
CAS precharge time (PAGE-MODE) tcp 25 30 30 35 ns

RAS to CAS delay time 'RCD 20 40 25 50 25 60 25 75 ns 13
CAS to RAS set-up time 'cRP 10 15 20 20 ns

Row address set-up time 'ASR 0 0 0 0 ns

Row address hold time 'RAH 15 15 15 15 ns

Column address set-up time tasc 0 0 0 0 ns

Column address hald time 'CAH 15 20 20 25 ns

Column address hold time 'AR 50 70 80 100 ns
referenced to RAS

READ command hold time 'RCH 0 0 0 0 ns 14
referenced to CAS

READ command hold time 'RRH 0 0 0 0 ns
referenced to RAS

Output buffer turn-off delay 'OFF 0 25 0 30 0 30 0 35 ns 12
WE command set-up time 'wcs 0 0 0 0 ns

WRITE command hold time 'WCH 15 35 40 45 ns

WRITE command hold time 'WCR 35 85 100 120 ns
referenced to RAS

WRITE command pulse width wp 15 35 40 45 ns

WRITE command to RAS lead time ‘RWL 35 35 40 45 ns

WRITE command to CAS lead time fowL 35 35 40 45 ns

Data-in set-up time 'ps 0 0 0 0 ns 15
Data-in hold time 'DH 15 35 40 45 ns 15
Data-in hold time 'DHR 35 85 100 120 ns
referenced to RAS

Transition time (rise or fall) 7 3 100 3 100 3 100 3 100 ns 5,16
Refresh Period (256 cycles) 'REF 4 4 4 4 ms

TAS set-up time 'csh 10 10 10 10 ns 19
(CAS-before-RAS refresh)

TCAS hold time 'CHR 15 20 25 30 ns 19
(CAS-before-RAS refresh)
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MICRON

MT9068

NOTES

1. All voltages referenced to Vss.

2. lIcc is dependent on output loading and cycle rates.
Specified values are obtained with minimum cycle
time and the output open.

3. An initial pause of 100ps is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 4ms refresh require-
ment is exceeded.

4. AC characteristics assume ‘T = 5ns.

5. Vir min and Vit max are reference levels for
measuring timing of input signals. Transition times
are measured between Vit and Vit.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. Measured with a load equivalent to 2 TTL gates and
100pF.

8. Assumes that 'RCD < 'RCD (max). If 'RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

9. Assumes that ‘RCD > ‘RCD (max).

10. If CAS = Vin, data output is high impedance.

11. If CAS = V1, data output may contain data from the
last valid READ cycle.

12.

14.

15.

16.

17.

18.

19.
20.

. Operation within the 'RCD (max) limit ensures that

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Voti or Vol.

'RAC (max) can be met. 'RCD (max) is specified as a
reference point only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by 'CAC.
'RCH is referenced to the first rising edge of RAS or
CAS.
These parameters are referenced to CAS leading
edge in early WRITE cycles. .
In addition to meeting the transition rate specifica-
tion, all input signals must transit between Viir and
ViL (or between Vir and ViH) in a monotonic manner.
Capacitance calculated from the equation C = 1At
AV
with AV =3V and Vcc = 5V. This parameter is
sampled.
If CAS is low at the falling edge of RAS, Dout will
be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for 'CP. Note 8 applies to determine
valid data out.
On-chip refresh and address counters are enabled.
A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case set WE = LOW.

s31naow wvua |
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MICRON MT9068

READ CYCLE
tre
trAS trp
w3 \ \ B -
‘gz: tRRH
tcre trRCD tcas
v b
Sy - A\
t
tAsr tRAH . *::c tcaH
ADDR 3:[‘ :m Rolw : COLUMN ] / M row
RCS RCH
WE V\H - ﬁfv p
ViL =
tcac torr
trAC
Dout Y,g[‘: OPEN —{  vaD DaTA  F OPEN
EARLY-WRITE CYCLE
t
'225 trp
IR | : N
CsH
tRsH
i_ tcre tRcD tcas
o W/ e ,
AR
tAsr tRAH tasc tcaH
ADDR \\f:[‘ :m‘ ROW m COLUMN : W /ﬁ /// /@( ROW
cwL
tRWL '
twcr
twes twcH
twe
LR / / T : L
DHR
" tos toH
ow e LTI e omn T

VoH
Dout vq =

QPEN

DON'T CARE
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MICRON MT9068

ADDR

Dout

ADDR

Oin

PAGE-MODE READ CYCLE

trRAS trRe
R
Vi N\ /
tesH
tpc tRSH
. tcre treo tcas tep tcas | tep tcas teen
wo_f A ’ _J? ’ ) A
L | N
tar
tasr |1 RAH tasc tcaH tasc || tcaH tasc || tcaH
\% - ' B! r
i _m RO COLUMN EW /)g COLUMN COLUMN IW / ROW
tres |-— tres L~ ¢ *l [~ tRRH
trRCS N ¢ RCH
l——— RCH — r RCH J:—
s 7 K Nl NV
L
tcac tcac tcac
traC
VoH - _{ VALD ¥ VALID { VALID
VoL = OPEN DATA L DATA L DATA OPEN
tras trp
ViH - i&
[V
I ¢ \
tesn
tpc tRsH
. tcre treo tcas | tee tcas tcas tepN
Vi —J _\_____J N N
tar
tasr || trRAH tasc tcan tasc || tcaH tasc || tcaH
Vib = R j } f
i - L ow ] CcoLuM ] COLUMN ] COLUMN ROW
tow | towl | tow |
twes tweH o twes || twen ' twes | [ twen o
twp twp twp
ViH - ?
ViL ~ 3 /A /
twer tRwL A
toHR o
tps toH tos toH tos toH
Vig = —
w _/ // / ﬁZ/m VALID DATA ) {  VaUD DATA @] VALID DATA W//// / // /

DON'T CARE
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MICRON MT9068

ADOR

Dout

ADDR

Dout

RAS ONLY REFRESH CYCLE
(ADDR = A0 - A7; and WE = DON'T CARE.)
trAS
Mgl i Y
tcre
yH = P4
* tasr tRAH
e I Row ¥ I T,
\\;gt‘ K OPEN
CAS-BEFORE-RAS REFRESH CYCLE
(A, - Ay WE, OE = DON'T CARE)
trAsS . tre o
i ]v
tcrp teHr
vy, ———
V:T - X f
zgt‘ E OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)
(READ) (REFRESH)
tRAS trp trAS
x:[‘ : SL A
v tcre trcD \ tRsH tCHR
VIH : \ ¥
It - k_
tasr tRAH tasc tcan
=/ S X i
teac
traC ~ —torr
Y,gr - OPEN f VALID DATA j}— OPEN —

DON'T CARE




MICRON

MT9068

ORDER INFORMATION

64K x 9, 120ns access, Leadless SIMM

PRODUCT # | | PACKAGE || SPEED
MT9068M -12

The Micron 64K x 9 DRAM module is manufactured and
quality controlled in Micron’s modern Boise, Idaho USA
facility using its low power, high performance NMOS

double-poly process. They are functionally equivalent to
other manufacture's products meeting JEDEC standards.
Several parameters are sampled; however, fuctionality is
consistently assured over a wider power supply, tempera-
ture and refresh range than specified. Each unit receives
accelerated burn-in and several hours of AMBYX'™ system
level testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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MT4259

MICRON

DRAM

MODULES

256K x 4 DRAM

FEATURES

¢ Industry standard pin-out in a 22-pin single-in-line

memory module

¢ Single 5V+10% power supply
e All inputs, outputs and clocks are fully TTL

compatible

¢ Low power, 60mW standby, 600mW active, typical
¢ On-board power supply decoupling capacitors

(0.2uf) for low noise

* Refresh modes: RAS only, CAS before RAS, and

Hidden

® 256 cycle refresh distributed across 4ms
* Optional Page Mode access cycle

OPTIONS MARKING
¢ Timing
80ns access -8
100ns access -10
120ns access -12
150ns access -15
¢ Organization
256K x 4 MT4259
¢ Packages: Leaded 22-pin SIP MN
AQ-A8 Address Inputs CAS Column Address Strobe
D1-D4 Data-In Q1-04 Data-Out
RAS Row Address Strobel W Write Enable
Vee Power (+5V) Vss Ground
GENERAL DESCRIPTION

The MT4259MN is a randomly accessed solid-state
memory containing 262,144 bits organized in a x4 configu-
ration. The 16 address bits are entered 8 bits at a time using
RAS to latch the first 8 bits and CAS the latter 8 bits. If the

vVece
D1
Qi

A7

A4
D2
Q2

Al

A6
Q3
D3

A0
RAS
D4
Q4
Vss

0]
@
®
4
6
(6)
™
®
©)
(10)
(1)
(12)
(13)
(14)
(1)
(16)
(17
(18)
(19)
(20)
@1
(22)

PIN ASSIGNMENT (Top View)

NIN6SCVLIN

MA

WE pin goes low prior to CAS going low, the output pin
remains open until the next CAS cycle.

By holding RAS low, CAS may be toggled to execute
several faster READ or WRITE cycles within the RAS
address defined PAGE boundary. Returning RAS high
terminates the memory cycle and decreases chip current to
a reduced standby level. Also the chip is preconditioned
for the next cycle during the RAS high-time. Memory cell
data is retained in its correct state by maintaining power
and executing a RAS (Refresh) cycle so that all 256 combi-
nations of RAS addresses are executed at least every 4 msec
(regardless of sequence). Micron recommends evenly
spaced refresh cycles for maximum data integrity.
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MICRON MT4259

FUNCTIONAL BLOCK DIAGRAM

9

a0 —_(18) 35 (1)
Al (2)
) -2 no-a8
(13 RAS
A3 s U,
(8) w
he » o —&) 0 Py RS
AS Vee Vss
o 00/
a7 8
o) $-2/— A0-AB
e RAS
ws U,
w
b2 — [} Qo g,
Vec Vss
9
$—/—{ AD-AB
RAS
ws Uy
W
03 —(18) o o2 o3
Vcc Vss
U1 - U4 = MT1259EJ
- L2 ao-n8
C1 - C4 = 02 /.lf .
ws U,
w
JYCO NP Q2 o

FUNCTIONAL TRUTH TABLE

o Addresses

Function RAS CAS WE NOTES
tR tC

Standby H H H X X High Impedance
READ L L H ROW | COL | Data Out
WRITE L L L ROW | COL | DataIn
(EARLY-WRITE)
PAGE-MODE L H—L—H, H ROW | COL | Valid Data Out,
READ H—L—H Valid Data Out
PAGE-MODE L H—L—H, L ROW | COL | Valid Data In,
WRITE H—L—H Valid Data In
RAS ONLY L H H ROW | n/a | High Impedance
REFRESH
HIDDEN L—-H-L L H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H—-L L H X X High Impedance
RAS REFRESH
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MICRON MT4259

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss......... -1.0V to +7.0V
Operating Temperature, TA(Ambient) .......... 0°C to +70°C
Storage Temperature ..........ccccccooeerncunnnes
Power Dissipation

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification is

Short Circuit Output Current ..........ccccceceveurerircnneee 50mA not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.
ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS
(0°C < T, <70°C) (Vee = 5.0V £10%)
PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 55 \"
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+i \" 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \" 1
INPUT LEAKAGE
Input leakage current, any input (OV < Vin < Vcc), 1 -40 40 nA
all other pins not under test = 0 volts
OUTPUT LEAKAGE
Output leakage current (Dourt is disabled, loz -40 40 uA
0V < Vour < Vcce)
OUTPUT LEVELS
Output High (Logic 1) voltage (louTt = -5mA) VoH 2.4 \ 1
Output Low (Logic 0) voltage (lout = 5mA) VoL 0.4 V
MAX
PARAMETER/CONDITION SYMBOL| -8 |-10|-12| -15 |UNITS | NOTES
STANDBY CURRENT: TTL input levels lcct |20{20(20| 20 | mA
(RAS = CAS = ViH after 8 RAS cycles)
OPERATING CURRENT lcc2  |260(220({220{180| mA 2
(RAS and CAS = Cycling: tRc = tRC(MIN))
OPERATING CURRENT: PAGE MODE lcca  260(220(220| 180 | mA 2
(RAS = Vi, CAS = Cycling: trc = tPc(MIN))
REFRESH CURRENT: RAS ONLY lcca |220(160(160{ 140 | mA 2
(RAS = Cycling: CAS = ViH: tRC = tRC(MIN))
REFRESH CURRENT: CAS-before-RAS lccs  |260(220(220{ 180 | mA 2,19
(RAS and CAS = cycling, trRc = tRc(MIN))
CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-As) Cn 20 pF 17
Input Capacitance RAS, CAS, WE Ci2 32 pF 17
Output Capacitance DouT, DIN Co 7 pF 17

2-25
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MICRON

MT4259

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 3, 4,5, 10, 11, 17, 18) (0°C < T, < 70°C) (Voc = 5.0V +10%)

A.C. CHARACTERISTICS -8 -10 -12 -15

PARAMETER SYM MIN | MAX | MIN MAX | MIN | MAX | MIN | MAX |UNITS | NOTES
Random READ or WRITE cycle time e 150 195 230 260 ns 6,7
PAGE-MODE cycle time e 75 90 100 120 ns | 6,7
Access time from RAS 'RAC 80 100 120 150 ns 7.8
Access time from CAS 'cAC 40 50 60 75 ns 7,9
RAS pulse width 'RAS 80 (10,000 | 100 (10,000 | 120 (10,000 | 150 10,000 | ns

RAS hold time 'RSH 40 50 60 75 ns

RAS precharge time 'RP 60 80 90 100 ns

CAS pulse width fcas 40 10,000 | 60 10,000 | 60 [10,000| 75 10,000 | ns

TAS hold time 'CsH 80 110 120 150 ns

CAS precharge time 'cPN 20 25 25 30 ns 18
‘CAS precharge time (PAGE-MODE) cp 25 30 30 35 ns

RAS to CAS delay time 'RCD 20 40 25 50 25 60 25 75 ns 13
‘CAS to RAS set-up time 'crpP 10 15 20 20 ns

Row address set-up time 'ASR 0 0 0 0 ns

Row address hold time 'RAH 15 15 15 15 ns

Column address set-up time 'AsC 0 0 0 0 ns

Column address hold time 'CAH 15 20 20 25 ns

Column address hold time 'AR 50 70 80 100 ns
referenced to RAS

READ command hold time ‘ReH | o 0 0 0 ns | 14
referenced to CAS

READ command hold time 'RRH 0 0 0 0 ns
referenced to RAS

Output buffer turn-off delay 'OFF 0 25 0 30 0 30 0 35 ns 12
WE command set-up time 'wcs 0 0 0 0 ns

WRITE command hold time 'wcH 15 35 40 45 ns

WRITE command hold time ‘wer 35 85 100 120 ns
referenced to RAS

WRITE command pulse width 'wp 15 35 40 45 ns

WRITE command to RAS lead time 'RWL 35 35 40 45 ns

WRITE command to CAS lead time 'cwL 35 35 40 45 ns

Data-in set-up time ps 0 0 0 0 ns 15
Data-in hold time 'DH 15 35 40 45 ns 15
Data-in hold time 'DHR | 35 85 100 120 ns
referenced to RAS

Transition time (rise or fall) T 3 100 3 100 3 100 3 100 ns 5,16
Refresh Period (256 cycles) 'REF 4 4 4 4 ms

CAS set-up time ‘csr 10 10 10 10 ns 19
(CAS-before-RAS refresh)

CAS hold time '‘CHR | 15 20 25 30 ns | 19
(CAS-before-RAS refresh)
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NOTES

1.
2.

10.
11.

All voltages referenced to Vss.

Icc is dependent on output loading and cycle rates.
Specified values are obtained with minimum cycle
time and the output open.

An initial pause of 100us is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 4ms refresh require-
ment is exceeded.

AC characteristics assume 'T = 5ns.

Vin min and Vit max are reference levels for
measuring timing of input signals. Transition times
are measured between Vid and ViL.

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.
Measured with a load equivalent to 2 TTL gates and
100pF.

Assumes that 'RCD < '"RCD (max). If 'RCD is greater
than the maximum recommended value shown in
this table, ‘RAC will increase by the amount that
'RCD exceeds the value shown.

Assumes that ‘RCD > ‘RCD (max).

If CAS = Vin, data output is high impedance.

If CAS = Vi1, data output may contain data from the
last valid READ cycle.

12. 'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Vot or VoL.

Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference point only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by 'CAC.

'RCH is referenced to the first rising edge of RAS or
CAS.

These parameters are referenced to CAS leading
edge in early WRITE cycles.

In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vit and

13.

14.

15.

16.

Vit (or between ViL and Vit) in a monotonic manner.

17. Capacitance calculated from the equation C = JAt
AV
with AV =3V and Vcc = 5V. This parameter is
sampled.
If CAS is low at the falling edge of RAS, Dout will
be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for 'CP. Note 8 applies to determine
valid data out.
19. On-chip refresh and address counters are enabled.
20. A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case set WE = LOW.

18.
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MICRON MT4259

READ CYCLE
ms oW ) / |
i terp trco ti: -
w o f N Ji
ADDR x:[‘ :mi ROW f : COLUMN ] / M ROW
V l RCS RCH
LR 4 , .
o tRAC
Dout xgr: OPEN JXE—_EW OPEN
EARLY-WRITE CYCLE
" x:': - FL tesn N
tcrp treD tcas
o S u
S/ S—— ST ] —c
v w T /////{/////////I/s : Y
ow ' T VALD DATA Y

DON'T CARE
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PAGE-MODE READ CYCLE

trAS trRp
Vi
RAS v - N V
tes
tpc tRsH
i terp trcD tcas tep tcas tep teas teen
TAS \ = D p!
A i _/ k—L
ViL - k\ _ A \ /
tAR
tasr || tRaH tasc tcaH tasc || tcaH tasc || tcaH

ViH
ADOR
Vi

¥ \

ROW 5@1 COLUMN 7% @Q COLUMN % COLUMN JXZZZZ/ /»( ROW

tres I-— tres |-~ ¢ ——l [ trRRH
tres ¢ ¢ RCH

r—- RCH J—— RCH =1 l——

Vig =

W 7 ¥ N4 i

tcac tcac tcac

trAC

VoH —

VALID { VALID
Pout vq - OPEN 1

VALID
DATA DATA { Phia ) OPEN

L,

PAGE-MODE EARLY-WRITE CYCLE

trAS trp
v ——
RAS M F 9[ ]&
It 2 A
tesH
tpc tRsSH
terp trco tcas tee tcas tcas L teen
v _—l y —ea———1
ws T/ Y ; ; F Tamme
tAR
tasr || tRaH tasc tcaH tasc || tcaH tasc || tcaH
V[H— Ty R ¥ R
ADDR ! ROW ] COLUMN COLUMN [ coLumn W / / /Zb( ROW
’ towe i towe | tew |
twes tweH - twes || twer o twes || tweH o
twe twe twp
Vig = .
w T T T
twer tRwL |
toHR o
tos toH tos toH tps toH

Oin ://:[': / // /// //m‘ VALID DATA ; VALID DATA JW%L VAUD DATA ] //////////////////A
DON'T CARE
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MICRON MT4259

ADDR

Dout

Dout

ADDR

Dour

RAS ONLY REFRESH CYCLE

(ADDR=A - A, Agand WE = DON'T CARE.)

tRAS

ViR -
viL -

tere

ViH = ¥
ViL -

tASR

tRAH

ViH -7
ViL =

/ /// ROW

R,

JL

VOH -

VoL -

VIH =
ik -

o\ /

OPEN

CAS-BEFORE-RAS REFRESH CYCLE
(A, - A; WE, OE = DON'T CARE.)

tRAS

n trp

tcrp tCHR

VoH -
VoL - OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)
(READ) (REFRESH)
trAS trP trAS
Vil ! /
L - A
terp treo tRsH teHr
Vig = e
ViL - . k /
AR
tASR tRaH__,, tAsc tcaH
" - 's r
i _m ROW X COLUMN ]
tcac
tRAC N
—~t |—torF
xgr - OPEN — VALID DATA b— OPEN —

DON'T CARE
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ORDER INFORMATION
256K x 4, 150ns access, Leaded SIP

PRODUCT # | | PACKAGE || SPEED
MT4259MN -15

The Micron 256K x 4 DRAM module is functionally
equivalent toother manufacturers’ product meeting JEDEC
standards. It is manufactured and quality controlled in

Micron’s modern Boise, Idaho USA facility using the NMOS
double-poly process. Micron’s QUALITY ASSURED pol-
icy is to offer prompt, accurate and courteous service while
assuring reliability and quality. Functionality is consis-
tently assured over a wider power supply range, tempera-
ture and refresh than specified. Each unit receives acceler-
ated burn-in and several hours of AMBYX™ system level
testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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MT85259

DRAM

MODULES

256K x 5 DRAM

FEATURES

¢ Industry standard pin-out in a 24-pin single-in-line

memory module

* Low profile (0.415 inch, typical)

¢ Single 5V+10% power supply

¢ All inputs, outputs and clocks are fully TTL

compatible

* Low power, 75mW standby, 750mW active, typical
* On-board power supply decoupling capacitors

(0.2uf) for low noise

* Refresh modes: RAS only, CAS before RAS, and

Hidden

® 256 cycle refresh distributed across 4ms
® Optional Page Mode access cycle

OPTIONS MARKING
¢ Timing
80ns access -8
100ns access -10
120ns access -12
150ns access -15
¢ Organization
256K x 5 MT85259
¢ Packages: Leaded 24-pin SIP MN

A0-A8 Address Inputs CAS Column Address Strobe
Dt -D5 Data-In Q1-Q5 Data-Out

RAS Row Address Strobe] W Write Enable

Vop Power (+5V) Vss Ground
GENERAL DESCRIPTION

The MT85259MN is a randomly accessed solid-state
memory containing 262,144 bits organized in a x5 configu-
ration. The 16 address bits are entered 8 bits at a time using
RAS to latch the first 8 bits and CAS the latter 8 bits. If the

A8
VDD
D1
Q1
CAS
A7
A5
A4
D2
Q2
W
Al
A3
A6
Q3
D3
A2
A0
RAS
D4
Q4
Vss
D5
Q5

W N
<L =

=

~

(10)
)]
(12)
(13
(14)
(1)
(16)
(17
(18)
(19)
(20)
21
(22)
(23)
(24)

PIN ASSIGNMENT (Top View)

NIN6SCS8LIN

MB

'WE pin goes low prior to CAS going low, the output pin
remains open until the next CAS cycle.

By holding RAS low, CAS may be toggled to execute
several faster READ or WRITE cycles within the RAS
address defined PAGE boundary. Returning RAS high
terminates the memory cycle and decreases chip current to
a reduced standby level. Also the chip is preconditioned
for the next cycle during the RAS high-time. Memory cell
data is retained in its correct state by maintaining power
and executing a RAS (Refresh) cycle so that all 256 combi-
nations of RAS addresses are executed at least every 4 msec
(regardless of sequence). Micron recommends evenly
spaced refresh cycles for maximum data integrity.
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MICRON MT85259

FUNCTIONAL BLOCK DIAGRAM

s

s 09
s -2
a0 w1
:; ¢4 0-AB
o T u,
As 01— : o o
v Lo aoons
T U,
02 9) : O'-Q)—OZ
VAR ey
s U,
D3 (‘5) : OLQ)—OJ
Us = Us = MT1259EJ 9
Ci - Cs = 0.2 4f s ey
s U,
D4 (20) : Q (7‘) Q4
E 20-48
T Us
S b A T W
.
e
ves (22)
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE NOTES
tR tC
Standby H H H X X High Impedance
READ L L H ROW | COL | Data Out
WRITE L L L ROW | COL | Dataln
(EARLY-WRITE)
PAGE-MODE L H—-L—H, H ROW | COL | Valid Data Out,
READ H—L—H Valid Data Out
PAGE-MODE L H—L—H, L ROW | COL | Valid Data In,
WRITE H—-L—H Valid Data In
RAS ONLY L H H ROW | n/a | High Impedance
REFRESH
HIDDEN L—H-L L H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H-L L H X X High Impedance
RAS REFRESH




MICRON MT85259

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss.....-1.0V to +7.0V
Operating Temperature, Ta(Ambient) .......... 0°C to +70°C
Storage Temperature -55°C to +150°C
Power Dissipation

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification is

Short Circuit Output Current not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.
ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS
(0°C < T, £70°C) (Vee = 5.0V +10%)
PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 Vv
Input High (Logic 1) Voltage, All Inputs VIH 2.4 |Vcc+l \" 1
Input Low (Logic 0) Voltage, All Inputs Vie -1.0 0.8 \ 1
INPUT LEAKAGE
Input leakage current, any input (OV < Vin < Vec), Ii -50 50 uA
all other pins not under test = 0 volts
OUTPUT LEAKAGE
Output leakage current (Dour is disabled, loz -50 50 LA
0V < VouTt £ Vcc)
OUTPUT LEVELS
Output High (Logic 1) voltage (louT = -5mA) VoH 2.4 \ 1
Output Low (Logic 0) voltage (lout = 5mA) VoL 0.4 \'
MAX
PARAMETER/CONDITION SYMBOL| -8 |-10|-12| -15 |[UNITS | NOTES
STANDBY CURRENT: TTL input levels lcct |25 125(25| 25| mA
(RAS = CAS = ViH after 8 RAS cycles)
OPERATING CURRENT lcc2  |325(275|275|225| mA 2
(RAS and CAS = Cycling: tRC = tRC(MIN))
OPERATING CURRENT: PAGE MODE lccs  |325(275|275(225| mA 2
(RAS = Vi, CAS = Cycling: trc = tPc(MIN))
REFRESH CURRENT: RAS ONLY lcca [275(200(200{175| mA 2
(RAS = Cycling: CAS = ViH: tRC = tRC(MIN))
REFRESH CURRENT: CAS-before-RAS lccs  |325(275(275(225| mA 2,19
(RAS and CAS = cycling, trRc = tRc(MIN))
CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-As) Cn 25 pF 17
Input Capacitance RAS, CAS, WE Ci2 40 pF 17
Output Capacitance Dout, Din Co 7 pF 17
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MICRON

MT85259

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 3, 4,5, 10, 11,17, 18) (0°C < T, < 70°C) (Vec = 5.0V £10%)

A.C. CHARACTERISTICS -8 -10 -12 -15

PARAMETER SYM MIN | MAX | MIN MAX MIN MAX | MIN MAX | UNITS | NOTES
Random READ or WRITE cycle time 'RC 150 195 230 260 ns 6,7
PAGE-MODE cycle time pc 75 90 100 120 ns | 6,7
Access time from RAS 'RAC 80 100 120 150 | ns | 7,8
Access time from CAS 'cAC 40 50 60 75 ns 7,9
RAS pulse width 'RAS 80 [10,000 | 100 10,000 | 120 {10,000 | 150 [10,000 | ns

RAS hold time 'RSH 40 50 60 75 ns

RAS precharge time 'RP 60 80 90 100 ns

‘CAS pulse width 'cAS 40 (10,000 | 60 10,000 | 60 10,000 | 75 10,000 ns

TAS hold time 'csH 80 110 120 150 ns

‘CAS precharge time 'cPN 20 25 25 30 ns 18
CAS precharge time (PAGE-MODE) cp 25 30 30 35 ns

RAS to CAS delay time ‘RCD 20 40 25 50 25 60 25 75 ns 13
TAS to RAS set-up time 'cRP 10 15 20 20 ns

Row address set-up time 'ASR 0 0 0 0 ns

Row address hold time 'RAH 15 15 15 15 ns

Column address set-up time ‘asc 0 0 0 0 ns

Column address hold time 'cAH 15 20 20 25 ns

Column address hold time ‘AR 50 70 80 100 ns
referenced to RAS ]

READ command hold time tECH 0 0 0 0 ns 14
referenced to CAS

READ command hold time 'RRH 0 0 0 0 ns
referenced to RAS

Output buffer turn-off delay 'OFF 0 25 0 30 0 30 0 35 ns 12
'WE command set-up time ‘wcs 0 0 0 0 ns

WRITE command hold time 'WCH 15 35 40 45 ns

WRITE command hold time ‘WCR 35 85 100 120 ns
referenced to RAS

WRITE command pulse width ‘wp 15 35 40 45 ns

WRITE command to RAS lead time 'RWL 35 35 40 45 ns

WRITE command to CAS lead time fowL 35 35 40 45 ns

Data-in set-up time 'Ds 0 0 0 0 ns 15
Data-in hold time 'DH 15 35 40 45 ns 15
Data-in hold time 'DHR 35 85 100 120 ns
referenced to RAS

Transition time (rise or fall) T 3 100 3 100 3 100 3 100 ns 5,16
Refresh Period (256 cycles) 'REF 4 4 4 4 ms

CAS set-up time 'csR | 10 10 10 10 ns | 19
(CAS-before-RAS refresh)

TAS hold time {CHR 15 20 25 30 ns 19
(CAS-before-RAS refresh)
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NOTES

1. All voltages referenced to Vss.

2. lIcc is dependent on output loading and cycle rates.
Specified values are obtained with minimum cycle
time and the output open.

3. Aninitial pause of 100us is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 4ms refresh require-
ment is exceeded.

4. AC characteristics assume T = 5ns.

5. Vi min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vit and ViL.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. Measured with a load equivalent to 2 TTL gates and
100pF.

8. Assumes that 'RCD < '‘RCD (max). If 'RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

9. Assumes that 'RCD > 'RCD (max).

10. If CAS = Vin, data output is high impedance.

11. If CAS = Vi1, data output may contain data from the

last valid READ cycle.

12.

14.

15.

16.

17.

18.

19.
20.

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Voii or VoI.

. Operation within the 'RCD (max) limit ensures that

'RAC (max) can be met. 'RCD (max) is specified as a
reference point only; if ‘'RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by 'CAC.

'RCH is referenced to the first rising edge of RAS or
CAS.

These parameters are referenced to CAS leading
edge in early WRITE cycles.

In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vin and

ViL (or between ViL and ViH) in a monotonic manner.

Capacitance calculated from the equation C = [At
AV
with AV =3V and Vcc = 5V. This parameter is
sampled.
If CAS is low at the falling edge of RAS, Dout will
be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for 'CP. Note 8 applies to determine
valid data out.
On-chip refresh and address counters are enabled.
A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case set WE = LOW.
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MICRON MT85259

READ CYCLE
tre
trAS ;L tRP
vy ————] |
RAS v l'u( / -~
tesH
tRsH tRRH
tcrp treo tcas
Vi =
CAS v - N \ /
tar
tASR tRAH tasc tcan

Vi = —
ADDR ROW COLUMN ROW
viL — A
) tres tRCH

- 7 | |

EARLY-WRITE CYCLE
i I8 / o
s N ,
ADDR x:[‘ :mi ROW E COLUMN : EW [// ///M ROW
I L/ i
S 11

DON'T CARE
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PAGE-MODE READ CYCLE

tRAS trp
vy, ——————
ris VK
AS vy - \ 72
tesH
tpe tRsH
_ tcre trcD tcas tep tcas , tep tcas teen
Vi = \
CAS V:T —j \_\x____;z \K_._JZ y'\;
tAR
tasrR | |_tRAH _tasc tcaH tasc_||_tcaH tasc || tcaH

VlH - N 4 Y £
ADDR I ROW ] COLUMN ,XZ? m COLUMN W W coLuMN ] //

¢ tres l-
RCS ¢ R
RCH |v RCH —= |—-
v - D"
wE IH
LA Wi N X

— tRRH

_._
1
TN

tre

I

1

EY

o

»
L

tcac tcac tcac
traC
o VOH ~ OPEN ¢ VALID £ VALD __F VALD OPEN
OUT Vg - X DATA {_DATA L_DATA
tRAS e tRP .|
Vg
RAS M N
L= K »
tesH
tpc tRSH
. tere treo tcas " tep tcas tcas teen
Viy = r 3 J{i Al r
A IH &
TAS v - 1
taR
tasr || tRAH tasc tcaH tasc || tcaH tasc || tcaH
(. — y % s
ADDR v:t‘_ f ROW ] COLUMN W i COLUMN /‘/ﬁ COLUMN JEW/// ROW
tewe ] towe 17 towL ]
twes tweH o twes || twen o twes || tweH o
twp twe twp
i Wl 70 7 /
wE ViL —M/ 3 1 #////, :/
t “ t
WCR RWL |
toHR o
tos toH tos toH tps toH

O x:[i: / / / E VALID DATA [ VAUD DATA W%( VALID DATA W / /// //
DON'T CARE

2-39

s31naow wvda i



S3TNAON WVHA l

MICRON MT85259

ADDR

Doyt

ADDR

Dout

RAS ONLY REFRESH CYCLE

(ADDR = A - A Agand WE = DON'T CARE.)

trAs
oz -
tcrp
Vi - 4
v tasr tRAH
‘v T
\\fgﬁ E OPEN
CAS-BEFORE-RAS REFRESH CYCLE
(AO - A8 WE, OE = DON'T CARE.)
trAS I trp

Vie -

terp

teHR

]

Vi =
N /
VoH -
VoL = OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)
(READ) (REFRESH)
trRAS trp tRAS
fy J;q
ViL -
_ ‘tcre trCD tRSH tcHR
|
Vig = y
Vi -“__/* . /
AR
tasrR tRAH tasc tcaH

Vi = p
v ROW ] COLUMN W

tcac

{RAC = toFF
ng E OPEN { VALID DATA j}—-oPEN—-

DON'T CARE
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ORDER INFORMATION
256K x 5, 120ns access, Leaded SIP

PRODUCT # | | PACKAGE || SPEED

—— o

MT85259MN -12

The Micron 256K x 5 DRAM module is functionally
equivalent to other manufacturers’ product meeting JEDEC
standards. It is manufactured and quality controlled in

Micron’s modern Boise, Idaho USA facility using the NMOS
double-poly process. Micron’s QUALITY ASSURED pol-
icy is to offer prompt, accurate and courteous service while
assuring reliability and quality. Functionality is consis-
tently assured over a wider power supply range, tempera-
ture and refresh than specified. Each unit receives acceler-
ated burn-in and several hours of AMBYX™ system level
testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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| MICRON

MT8259DMN

DRAM
MODULES

256K x 8 DRAM

FEATURES

¢ Industry standard pin-out in a 30-pin single-in-line
package

¢ Low profile, double-side mount (0.45 in)

¢ Single 5V+10% power supply

e All inputs, outputs and clocks are fully TTL
compatible

¢ Low power, 135mW standby, 1350mW active, typical

* On-board power supply decoupling capacitors
(0.2uf) for low noise

* Refresh modes: RAS only, CAS before RAS, and
Hidden

® 256 cycle refresh distributed across 4ms

¢ Optional Page Mode access cycle

OPTIONS MARKING
¢ Timing
80ns access -8
100ns access -10
120ns access -12
150ns access -15
* Organization
256K x 8 MT8259

* Packages: Leaded 30-pin SIP

(low profile) DMN

AO-A8 Address Inputs CAS Column Address Strobe
DQ1 - DQ8 | Data-In/Data-Out D9 Data-In

PRD Presence Detect Q9 Data-Out

RAS Row Address Strobel W Write Enable

Vee Power (+5V) V/ss Ground
GENERAL DESCRIPTION

The MT8259DMN is a randomly accessed solid-state
memory containing 262,144 bits organized in a x8 configu-
ration. The 18 address bits are entered 9 bits at a time using
RAS to latch the first 9 bits and CAS the latter 9 bits. If the

PIN ASSIGNMENT (Top View)
Vce (1)
CAS )
pQl (3
A ()
Al (5
DQ2  (6)
A2 (7)
A3 (8)
vVss (9
DQ3  (10)
A4 (1)
A5 (12) =
DQ4  (13) —
A6 (14) 0
A7 (15) a ME
DQ5  (16) ©
A8 (17) O
NC  (18) =
NC  (19) =
DQ6  (20)
W @
Vss (22
DQ7  (23)
PRD (24)
DQ8  (25)
NC  (26)
RAS (27)
NC  (28)
NC  (29)
vee (30

WE pin goes low prior to CAS going low, the output pin
remains open until the next CAS cycle.

By holding RAS low, CAS may be toggled to execute
several faster READ or WRITE cycles within the RAS
address defined PAGE boundary. Returning RAS high
terminates the memory cycle and decreases chip current to
a reduced standby level. Also the chip is preconditioned
for the next cycle during the RAS high-time. Memory cell
data is retained in its correct state by maintaining power
and executing a RAS (Refresh) cycle so that all 256 combi-
nations of RAS addresses are executed at least every 4 msec
(regardless of sequence). Micron recommends evenly
spaced refresh cycles for maximum data integrity.
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MICRON MT8259DMN

FUNCTIONAL BLOCK DIAGRAM

)

$-24 1 a0- $-5¢ no-n8
| RAs - —
ws U, s Uy
DQ1 ) [ : 0] DQS5 18) [ Dw 0]
ng—' AO—-AB P!)‘— AO-AB
LT % U, o U,
DQ2 ©) : Q DQ6 (20) : Q
P_»—’_/— ;;;A! E ;;;As
s Uy s U,
ooz — 12 : Q oa7 2 o Q
Uy - Ug = MT1259EJ
C1 - Ca = 0.2 [.lf —9/—%“ i;;;"
ws U, ws Uy
_[0» ; j mﬂw_r,';’ _]
Ve 130
[C [Cs
Vs (8.22)
PRD (24)
FUNCTIONAL TRUTH TABLE
. Addresses
Function RAS CAS WE NOTES
tR tC
Standby H H H X X High Impedance
READ H ROW | COL | Data Out
WRITE L L L ROW | COL | Dataln
(EARLY-WRITE)
PAGE-MODE L H—L—H, H ROW | COL | Valid Data Out,
READ H—-L—H Valid Data Out
PAGE-MODE L H—L—H, L ROW | COL | Valid Data In,
WRITE H—L—H Valid Data In
RAS ONLY L H H ROW | n/a High Impedance
REFRESH
HIDDEN L—=H-L L H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H-L L H X X High Impedance
RAS REFRESH
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss....... -1.0V to +7.0V
Operating Temperature, TA(Ambient) 0°C to +70°C
Storage Temperature .........ccccccoeervrreennnnee. -55°C to +150°C

Power Dissipation ..................
Short Circuit Output Current

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification is

not implied. Exposure to absolute maximum rating condi- -

tions for extended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C < T, <70°C) (Voo = 5.0V +10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vcce 4.5 5.5 \
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+1 \ 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \ 1
INPUT LEAKAGE
Input leakage current, any input (OV < Vin < Vcc), I -80 80 unA
all other pins not under test = 0 volts
OUTPUT LEAKAGE
Output leakage current (Dour is disabled, loz -80 80 pA
0V < Vourt < Vcee)
OUTPUT LEVELS
Output High (Logic 1) voltage (louT = -5mA) VoH 2.4 \ 1
Output Low (Logic 0) voltage (lout = 5mA) Vou 0.4 \
MAX

PARAMETER/CONDITION SYMBOL| -8 |-10 {-12)| -15 [UNITS | NOTES
STANDBY CURRENT: TTL input levels lcct |40 {40 [ 40| 40 | mA
(RAS = CAS = ViH after 8 RAS cycles)
OPERATING CURRENT lcc2  |500|440]440| 360 | mA 2
(RAS and CAS = Cycling: trc = tRc(MIN))
OPERATING CURRENT: PAGE MODE lcca  |520]440|440)360| mA 2
(RAS = Vi, CAS = Cycling: trc = tPc(MIN))
REFRESH CURRENT: RAS ONLY lcc4 |4401320320)280| mA 2
(RAS = Cycling: CAS = ViH: tRc = tRC(MIN))
REFRESH CURRENT: CAS-before-RAS lccs 1520440440360 | mA 2,19
(RAS and CAS = cycling, tRc = tRC(MIN))

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-As) Ci 40 pF 17
Input Capacitance RAS, CAS, WE Ci2 64 pF 17
Output Capacitance Dout, DIN Co 12 pF 17
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 3, 4, 5, 10, 11,17, 18) (0°C < TA <70°C) (Vcc = 5.0V £10%)

A.C. CHARACTERISTICS -8 -10 -12 -15

PARAMETER SYM MIN | MAX | MIN MAX MIN MAX MIN MAX | UNITS | NOTES
Random READ or WRITE cycle time ‘RC 150 195 230 260 ns 6,7
PAGE-MODE cycle time pc 75 90 100 120 ns 6,7
Access time from RAS 'RAC 80 100 120 150 ns 7.8
Access time from CAS ‘cac 40 50 60 75 ns | 7.9
RAS pulse width 'RAS 80 10,000 | 100 [10,000 | 120 [10,000 | 150 |10,000 | ns

RAS hold time 'RSH 40 50 60 75 ns

RAS precharge time Rp 60 80 90 100 ns

TAS pulse width cas 40 (10,000 | 60 10,000 | 60 [10,000| 75 |10,000| ns

TAS hold time 'CsH 80 110 120 150 ns

CAS precharge time 'CPN 20 25 25 30 ns 18 -
CAS precharge time (PAGE-MODE) 'cp 25 30 30 35 ns

RAS to CAS delay time 'RcD 20 40 25 50 25 60 25 75 ns 13
TAS to RAS set-up time 'crP 10 15 20 20 ns

Row address set-up time 'ASR 0 0 0 0 ns

Row address hold time 'RAH 15 15 15 15 ns

Column address set-up time 'asc 0 0 0 0 ns

Column address hold time 'cAH 15 20 20 25 ns

Column address hold time ‘AR 50 70 80 100 ns
referenced to RAS

READ command hold time tRCH 0 0 0 0 ns 14
referenced to CAS

READ comma&o!d time 'RRH 0 0 0 0 ns
referenced to RAS

Output buffer turn-off delay 'OFF 0 25 0 30 0 30 0 35 ns 12
WE command set-up time 'wes 0 0 0 0 ns 16
WRITE command hold time 'WcH 15 35 40 45 ns

WRITE command hold time 'WCR 35 85 100 120 ns
referenced to RAS

WRITE command pulse width ‘wp 15 35 40 45 ns

WRITE command to RAS lead time 'RWL 35 35 40 45 ns

WRITE command to CAS lead time towL 35 35 40 45 ns

Data-in set-up time ps 0 0 0 0 ns 15
Data-in hold time 'DH 15 35 40 45 ns 15
Data-in hold time 'DHR 35 85 100 120 ns
referenced to RAS

Transition time (rise or fall) T 3 100 3 100 3 100 3 100 ns 5,16
Refresh Period (256 cycles) 'REF 4 4 4 4 ms

TAS set-up time csR 10 10 10 10 ns 19
(CAS-before-RAS refresh)

C_ﬁhold time 'CHR 15 20 25 30 ns 19
(CAS-before-RAS refresh)
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NOTES

1. All voltages referenced to Vss.

2. Icc is dependent on output loading and cycle rates.
Specified values are obtained with minimum cycle
time and the output open.

3. Aninitial pause of 100ys is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 4ms refresh require-
ment is exceeded.

4. AC characteristics assume ‘T = 5ns.

5. Vi min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vi and ViL.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. Measured with a load equivalent to 2 TTL gates and
100pF.

8. Assumes that 'RCD < 'RCD (max). If '‘RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

9. Assumes that 'RCD > 'RCD (max).

10. If CAS = Vi, data output is high impedance.

11. If CAS = V1, data output may contain data from the
last valid READ cycle.

12. 'OFF (max) defines the time at which the output

13.

14.

15.

16.

17.

18.

19.
20.

achieves the open circuit condition and is not
referenced to Voii or VoL.
Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference point only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by ‘CAC.
'RCH is referenced to the first rising edge of RAS or
CAS.
These parameters are referenced to CAS leading
edge in early WRITE cycles.
In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vi and
ViL (or between ViL and Vin) in a monotonic manner.
Capacitance calculated from the equation C = IA\;

A

with AV = 3V and Vcc = 5V. This parameter is
sampled.

If CAS is low at the falling edge of RAS, Dout will
be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for 'CP. Note 8 applies to determine
valid data out.

On-chip refresh and address counters are enabled.
A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case set WE = LOW.
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Vi =

Vi =
TAS UM -
ViL

READ CYCLE
tre
tRAS trp
\(
tesH
tRsH tRRH
tcrp trRCD tcas
i
tAR
tASR tRAH tasc tean
ROW COLUMN XZV // Az( ROW

‘T
ADDR
Vi -~

KD
RCS

tRCH

" /i | Y
EARLY-WRITE CYCLE
-ty —— ——
r tcrp treD tcas
o U T y
ADDR Y,:r :m ROW m COLUMN : W// W///W ROW
v T / . : i,
ow ' ZTITTTTTT VALD DATA Yimmmm

DON'T CARE
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PAGE-MODE READ CYCLE

tRas R
RES  VH - 3
AS vy - &L ;Z
tesh
trc tRSH
tcrp trcD tcas tep tcas tep tcas teen
Vig = s — ' p ¥
ViL = \ 5
tar

tasr tRAH tasc tcaH tasc tcan tasc tcaH
V|H - s R
apor M 7 ROW COLUMN W COLUMN /)g COLUMN /47/7/2; /4727@( ROW
It A kA
tres '“ tres L'- ——l [~ tRRH
trRes t ¢ tRCH
r—~—‘ RCH —=1 T-— RCH —= |-
Vi o
w W ¥ X 7
Vi~
tcac teac tcac
tRac

VOH —

{ VALID { VALID VALID
PouT v - OPEN DATA \_DATA DATA OPEN

PAGE-MODE EARLY-WRITE CYCLE

tRAS L tRp
e YHS ) H
A vy - K(;
tesH
tpc tRSH
tcrp treo tcas tep tcas tcas tepn
— }: —
A V:L - \ 1 \ /
tAR
tASR tRAH tasc tcaH tasc || tcaH tasc || tcan
Vi = 's % —
ADDR 7 ROW COLUMN jW// COLUMN / / / m COLUMN JXZZZ'/ ROW
towe ] [ | tows ]
twes tweH K twes || twen - twes || tweH
twe twe | twp
w JL L o, T,
WE Vi~ £// /1y, k
twer tRwL |
tOHR -
tos tpH tos toH tbs toH

Din x:r: ///// / /// f VALID DATA J@}( VALID DATA W@i‘ VALID DATA ’
DON'T CARE
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RAS-BEFORE-CAS REFRESH CYCLE
(ADDR = A - A_; A, and WE = DON'T CARE)

trAS

-]
\2 =
RRS - \ J/
tcrp
Vi
waw/

ADDR z:[* : ROW W / / / / M

VoH -
Dout vg - OPEN

CAS-BEFORE-RAS REFRESH CYCLE
(Ay - Ag WE, OE = DON'T CARE.)

RS T g
CRP tCHR =|‘

o T\ /

HIDDEN REFRESH CYCLE

(WE = HIGH)

(READ) (REFRESH)
R J L /
sy Y A
soor e 7K v K cown P
Dout xg[‘ K OPEN VALID DATA b— oPEN —

DON'T CARE
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ORDER INFORMATION
256K x 8, 150ns access, Leaded SIP

PRODUCT # | | PACKAGE || SPEED

—— 5

MT8259DMN -15

The Micron 256K x 8 DRAM module is functionally
equivalent to other manufacturers’ product meeting JEDEC
standards. It is manufactured and quality controlled in

Micron’s modern Boise, [daho USA facility using the NMOS
double-poly process. Micron’s QUALITY ASSURED pol-
icy is to offer prompt, accurate and courteous service while
assuring reliability and quality. Functionality is consis-
tently assured over a wider power supply range, tempera-
ture and refresh than specified. Each unit receives acceler-
ated burn-in and several hours of AMBYX™ system level
testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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DRAM
MODULES

256K x 8 DRAM

FEATURES

¢ Industry standard pin-out in a 30-pin single-in-line
memory module

* Single 5V+10% power supply

All inputs, outputs and clocks are fully TTL

compatible

Low power, 120mW standby, 1200mW active, typical

¢ On-board power supply decoupling capacitors
(0.2uf) for low noise

* Refresh modes: RAS only, CAS before RAS, and
Hidden

* 256 cycle refresh distributed across 4ms

Optional Page Mode access cycle

OPTIONS MARKING
e Timing
80ns access -8
100ns access -10
120ns access -12
150ns access -15
¢ Organization
256K x 8 MT8259

Packages: Leadless 30-pin SIMM M
Leaded 30-pin SIP MN

AQ-A8 Address Inputs TAS Column Address Strobe
DQ1 - DQ8 | Data-In/Data-Out | D9 Data-In

PRD Presence Detect Q9 Data-Out

RAS Row Address Strobgd W Write Enable

Vce Power (+5V) Vss Ground
GENERAL DESCRIPTION

The MT8259M/MN is a randomly accessed solid-state
memory containing 262,144 bits organized in a x8 configu-
ration. The 18 address bits are entered 9 bits at a time using
RAS to latch the first 9 bits and CAS the latter 9 bits. If the

PIN ASSIGNMENT (Top View)

(1)

@

@3

)

(5)

(6)

@

®)

©)
(10)
(1)
(12)
(13)
(14)
(15)
(16)
17)
(18)
(19)
(20)
@1
(22)
(23
(24
25)
(26)
@7
(28)
(29)
(30)

=
[
N
a
©
=

NIN6SC8LIN

VoD

MD
Mi

WE pin goes low prior to CAS going low, the output pin
remains open until the next CAS cycle.

By holding RAS low, CAS may be toggled to execute
several faster READ or WRITE cycles within the RAS
address defined PAGE boundary. Returning RAS high
terminates the memory cycle and decreases chip current to
a reduced standby level. Also the chip is preconditioned
for the next cycle during the RAS high-time. Memory cell
data is retained in its correct state by maintaining power
and executing a RAS (Refresh) cycle so that all 256 combi-
nations of RAS addresses are executed at least every 4 msec
(regardless of sequence). Micron recommends evenly
spaced refresh cycles for maximum data integrity.
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FUNCTIONAL BLOCK DIAGRAM

9

[ (217)
a0 (O] ;T\S ((2‘))
Al )
w2 — 0 21 ao-n8 b9 no-n8
@ % U, e U,
At :H) oo — :7 Q pas 19 :’ Q
AS 12) Voo Vss Voo Vss
2 (14)
A7 (5)
ag —D $-24 1 ao-a8 +-5¢ 1 Ao~
A b RAS
s U, s Ug
DQ2 () [ : Q] DQ6 20) I : Q]
3241 Ao-n8 SV %AB
- ﬁ Uy T e U,
0Q3 10) Dw Q 0Q7 23) : Q
Uy — Ug = MT1259EJ {
C1 _ CB = 02 Mf \—gy‘—AO—AO &;;AH
ws U, s Ug
.m._L_I 5 QT m@fﬂ—rﬁ' o
Voe —{1:30)
1Cr |G
v. (9.22)
PRO (24)
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE NOTES
tR tC
Standby H H H X X High Impedance
READ L L H ROW | COL | Data Out
WRITE L L L ROW | COL | DataIn
(EARLY-WRITE)
PAGE-MODE L H—L—H, H ROW | COL | Valid Data Out,
READ H—L—H Valid Data Out
PAGE-MODE L H—L—H, L ROW | COL | Valid Data In,
WRITE H—L—H Valid Data In
RAS ONLY L H H ROW | n/a High Impedance
REFRESH
HIDDEN L—=H—L L H ROW | COL | Valid Data Out
REFRESH
‘CAS-BEFORE- H-L L H X X High Impedance
RAS REFRESH
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss...... -1.0V to +7.0V
Operating Temperature, TA(Ambient) .......... 0°C to +70°C
Storage Temperature e

Power Dissipation............c..........
Short Circuit Output Current

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification is

not implied. Exposure to absolute maximum rating condi- -

tions for extended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C < T, <70°C) (Vo = 5.0V +10%)

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+1 \ 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 v 1
INPUT LEAKAGE
Input leakage current, any input (OV < Vin < Vcc), I -80 80 pA
all other pins not under test = 0 volts
OUTPUT LEAKAGE
Output leakage current (DourT is disabled, loz -80 80 pA
0V < Vout < Vcc)
OUTPUT LEVELS
Output High (Logic 1) voltage (lout = -5mA) VoH 2.4 \ 1
Output Low (Logic 0) voltage (lout = 5mA) Vou 0.4 \
MAX

PARAMETER/CONDITION SYMBOL| -8 |-10|-12| -15 |UNITS | NOTES
STANDBY CURRENT: TTL input levels lcct |40 140 [40| 40 | mA
(RAS = CAS = Vi after 8 RAS cycles)
OPERATING CURRENT lcc2  |520 (440 (440|360 | mA 2
(RAS and CAS = Cycling: trRc = tRc(MIN))
OPERATING CURRENT: PAGE MODE lcca |520|440{440/360 | mA 2
(RAS = Vi, CAS = Cycling: trc = tPc(MIN))
REFRESH CURRENT: RAS ONLY lcca |440(320(320{280| mA 2
(RAS = Cycling: CAS = ViH: tRC = tRC(MIN))
REFRESH CURRENT: CAS-before-RAS lccs 1520 (440(440{1360| mA | 2,19
(RAS and CAS = cycling, trc = tRC(MIN))

CAPACITANCE
PARAMETER SYMBOL | MIN MAX | UNITS | NOTES
Input Capacitance (Ao-As) Cn 40 pF 17
Input Capacitance RAS, CAS, WE Ci2 64 pF 17
Output Capacitance Dout, Din Co 12 pF 17
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 3, 4, 5, 10, 11, 17, 18) (0°C < T, < 70°C) (Voo = 5.0V £10%)

A.C. CHARACTERISTICS -8 -10 -12 -15

PARAMETER SYM MIN | MAX MIN MAX MIN MAX MIN MAX | UNITS | NOTES
Random READ or WRITE cycle time 'Rc 150 195 230 260 ns 6,7
PAGE-MODE cycle time 'pC 75 90 100 120 ns | 67
Access time from RAS 'RAC 80 100 120 150 | ns_ | 7,8
Access time from CAS 'cAC 40 50 60 75 ns 7,9
RAS pulse width 'RAS 80 10,000 | 100 [10,000 | 120 [10,000 | 150 |10,000 | ns

RAS hold time 'RSH 40 50 60 75 ns

RAS precharge time 'RP 60 80 90 100 ns

CAS pulse width tCAS 40 [10,000 | 60 10,000 60 10,000 75 10,000 ns

TAS hold time 'CSH 80 110 120 150 ns

CAS precharge time 'CPN 20 25 25 30 ns 18
CAS precharge time (PAGE-MODE) cp 25 30 30 35 ns

RAS to CAS delay time 'RcD 20 40 25 50 25 60 25 75 ns 13
TAS to RAS set-up time 'CRP 10 15 20 20 ns

Row address set-up time 'ASR 0 0 0 0 ns

Row address hold time 'RAH 15 15 15 15 ns

Column address set-up time 'AsC 0 0 0 0 ns

Column address hold time {cAH 15 20 20 25 ns

Column address hold time 'AR 50 70 80 100 ns
referenced to RAS

READ command hold time 'RCH 0 0 0 0 ns 14
referenced to CAS

READ command hold time RRH 0 0 0 0 ns
referenced to RAS

Qutput buffer turn-off delay 'OFF 0 25 0 30 0 30 0 35 ns 12
WE command set-up time 'wes 0 0 0 0 ns

WRITE command hold time ‘WcH 15 35 40 45 ns

WRITE command hold time ‘WcR 35 85 100 120 ns
referenced to RAS

WRITE command pulse width twp 15 35 40 45 ns

WRITE command to RAS lead time 'RWL 35 35 40 45 ns

WRITE command to CAS lead time lcwL 35 35 40 45 ns

Data-in set-up time 'ps 0 0 0 0 ns 15
Data-in hold time 'DH 15 35 40 45 ns 15
Data-in hold time 'DHR | 35 85 100 120 ns
referenced to RAS

Transition time (rise or fall) 7 3 100 3 100 3 100 3 100 ns 5,16
Refresh Period (256 cycles) 'REF 4 4 4 4 ms

CAS set-up time 'CSR 10 10 10 10 ns 19
(CAS-before-RAS refresh)

CAS hold time 'CHR | 15 20 25 30 ns | 19
(CAS-before-RAS refresh)
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NOTES

1.
2.

10.
11.

All voltages referenced to Vss.

Icc is dependent on output loading and cycle rates.
Specified values are obtained with minimum cycle
time and the output open.

An initial pause of 100us is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 4ms refresh require-
ment is exceeded.

AC characteristics assume 'T = 5ns.

Vit min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and VIL.

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.
Measured with a load equivalent to 2 TTL gates and
100pF.

Assumes that 'RCD < 'RCD (max). If 'RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

Assumes that 'RCD > 'RCD (max).

If CAS = Vin, data output is high impedance.

1f CAS = V1L, data output may contain data from the
last valid READ cycle.

12.

13.

14.

15.

16.

17.

18.

19.
20.

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Vo or VoL.

Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference tpoint only; if 'RCD is greater than the
specified "RCD (max) limit, then access time is con-
trolled exclusively by 'CAC.

'RCH is referenced to the first rising edge of RAS or
CAS.

These parameters are referenced to CAS leading
edge in early WRITE cycles.

In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vin and

ViL (or between ViL and ViH) in a monotonic manner.

Capacitance calculated from the equation C = LAVt
A
with AV =3V and Vcc = 5V. This parameter is
sampled. .
If CAS is low at the falling edge of RAS, DouT will
be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for 'CP. Note 8 applies to determine
valid data out.
On-chip refresh and address counters are enabled.
A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case set WE = LOW.
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READ CYCLE

RS M N

V terp trRcD teas
w S | /7
ADDR x:t‘ ka ROW m( : COLUMN 3}@ / @( ROW

V ‘ RCS RCH
LA /4 ' -

EARLY-WRITE CYCLE

RS \ : \

V l|= terp tRCD tcas
w Y
ADDR :/,:[* :mL ROW COLUMN — l ROW
w T //I/L/ LTI ___ g
O ST /)

DON'T CARE
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ADDR

Oout

ADDR

OIN

PAGE-MODE READ CYCLE

trRAS trp
R .
tesn
tpc tRsH
L tere treo tcas tee tcas tep tcas tepN
v [;7 R
H = 0
ViL ‘;_Ji / i HL_,_____J___ \x__
t
tasr || tRAH Q:EC tcaH tasc || tcaH tasc || _tcaH
x:[‘ X k( RoW ] L COLUMN Wm COLUMN WM COLUMN ’W/ // / Q( ROW
l.__*«.("cs tRCH — }st“ L’_ tRCH FSS I-H ol [
w e K X T
tcac tcac tcac
tRAC
e 5 {7 B ) oren
PAGE-MODE EARLY-WRITE CYCLE
tRAS trp
I -
tesH
tpc tRSH
tcrp treo tcas L tep tcas tcas L teen
-—
e ‘ — I s A
AR
tasr || tRAH tasc tcaH tasc || tcaw tasc || tcan
UK £ ROW COLUMN mf COLUMN COLUMN ROW
ViL A
tow | tow towe i
twes twcH - twes | twew twes || tweH -
twe twp twe
W T L m Hmm
twer h tRWL |
tDHR o
tos toH tos toH tos toH
5:[' X ‘ VALID DATA m VALID DATA W VALID DATA ////////////////////////

DON'T CARE
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RAS-BEFORE-CAS REFRESH CYCLE
(ADDR = A - A, A and WE = DON'T CARE.)

tre
trAS - trP

RAS UM - 7[ )\_——
AS v - \t;
tcrp
s yH o f
([
tAsrR tRAH

Vig
ADOR M _{4’4’/@; ROW ﬁ( ROW
It A

VoH —
Bout g - OPEN

CAS-BEFORE-RAS REFRESH CYCLE
(Ag - Ag WE, OE = DON'T CARE.)

trRAS = trP -

Vig - JF—_—_Q\—‘—;
Al
RAS Vil -
tesr tCHR

i /

Vo -
Dourt ng = OPEN

HIDDEN REFRESH CYCLE

(WE = HIGH)

(READ) (REFRESH)

trAS tre tRAS
IL 7

L tcre trco tRSH teHR
Vig = S
TAS i
ViL - - JZ
taR
tasrR tRaH | tasc tcaH

SR/ SR SR /.

tcac
tRAC

~  }—torr

VALID DATA 1 OPEN —

DON'T CARE

Vo -
Dour v > OPEN

A
7

2-60



MICRON

MT8259M/MN

ORDER INFORMATION

256K x 8, 120ns access, Leaded SIP

PRODUCT # | |PACKAGE || SPEED
MT8259M -12

The Micron 256K x 8 DRAM module is functionally
equivalent to other manufacturers’ product meeting JEDEC
standards. It is manufactured and quality controlled in

Micron’s modern Boise, [daho USA facility using the NMOS
double-poly process. Micron’s QUALITY ASSURED pol-
icy is to offer prompt, accurate and courteous service while
assuring reliability and quality. Functionality is consis-
tently assured over a wider power supply range, tempera-
ture and refresh than specified. Each unit receives acceler-
ated burn-in and several hours of AMBYX™ system level
testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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MICRON

MT9259DMN

DRAM

MODULES

256K x 9 DRAM

FEATURES

* Industry standard pin-out in a 30-pin single-in-line

package (SIP)

* Low profile, double-side mount (0.45 in)

* Single 5V+10% power supply

e All inputs, outputs and clocks are fully TTL

compatible.

* Low power, 135mW standby, 1350mW active, typical
¢ On-board power supply decoupling capacitors

(0.2uf) for low noise

* Refresh modes: RAS only, CAS before RAS, and

Hidden

® 256 cycle refresh distributed across 4ms
* Optional Page Mode access cycle

OPTIONS MARKING
¢ Timing

80ns access -8

100ns access -10

120ns access -12

150ns access -15
¢ Organization

256K x 9 MT9259
* Packages: Leaded 30-pin SIP

(low profile) DMN

A0-A8 Address Inputs TAS, TAS9| Column Address Strobe
DQ1 - DQ8 | Data-In/Data-Out | D9 Data-In
PRD Presence Detect Q9 Data-Out
RAS Row Address Strobg W Write Enable
Vee Power (+5V) Vss Ground
GENERAL DESCRIPTION

The MT9259DMN is a randomly accessed solid-state
memory containing 262,144 bits organized in a x9 configu-
ration. The 18 address bits are entered 9 bits at a time using
RAS to latch the first 9 bits and CAS the latter 9 bits. If the

PIN ASSIGNMENT (Top View)
Vce (1)
CAS @
DQ1 k)
A0 (@)
Al (5)
DQ2  (6)
A2 (7)
A3 (8
Vess (9
DQ3 (10
A (11)
A5 (12 =2
DQ4 (13) 5|
A6 (14
A7 21 5; g
DQ5  (16) © ME
A8 (17) »)
NC  (18) =
NC (19 =
DQ6  (20)
)
Vss (22
DQ7  (23)
PRD (24)
DQ8  (25)
NC (26
RAS  (@7)
NC  (28)
NC  (29)
Vcc  (30)

WE pin goes low prior to CAS going low, the output pin
remains open until the next CAS cycle.

By holding RAS low, CAS may be toggled to execute
several faster READ or WRITE cycles within the RAS
address defined PAGE boundary. Returning RAS high
terminates the memory cycle and decreases chip current to
a reduced standby level. Also the chip is preconditioned
for the next cycle during the RAS high-time. Memory cell
data is retained in its correct state by maintaining power
and executing a RAS (Refresh) cycle so that all 256 combi-
nations of RAS addresses are executed at least every 4 msec
(regardless of sequence). Micron recommends evenly
spaced refresh cycles for maximum data integrity.
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MICRON MT9259DMN

FUNCTIONAL BLOCK DIAGRAM

s —2).
o5 (2)
w (21)
¢-2 no-a8 S| no-as
>-_z:xs U, ::ss Us
oQt ) '\: Q 0Qs ) : Q
O N L
e u, o U,
o0z — 8 A S ] ’ ]
-5 r0-a8 b5 ho-as
= = v
DRl (10) [ Q oQ7 (23) o Q
U; — Uy = MT1259EJ , s
Ci — Gy = 0.2 uf +§“U &EAL
Q4. 03) Z ‘QH Des (25 : :
Lvee_v
Vog (139
° Ic, e,
S
vgs —(222)
s — 28
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE NOTES
tR tC
Standby H H X X High Impedance
READ ROW | COL | Data Out
WRITE L ROW | COL | Dataln
(EARLY-WRITE)
PAGE-MODE L H—L—H, ROW | COL | Valid Data Out,
READ H—-L—H Valid Data Out
PAGE-MODE L H—L—H, ROW | COL | Valid Data In,
WRITE H—L—H Valid Data In
RAS ONLY L H ROW | n/a High Impedance
REFRESH
HIDDEN L—=H-L L ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H-L L X X High Impedance
RAS REFRESH
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MICRON MT9259DMN

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss........ -1.0V to +7.0V
Operating Temperature, TA(Ambient)
Storage Temperature
Power Dissipation ....................
Short Circuit Output Current ..........ccccecoevvvorcrininieee 50mA

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C < T, <70°C) (Voo = 5.0V +10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 45 55 \
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+1 \ 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \ 1
INPUT LEAKAGE
Input leakage current, any input (0V < Vin < Vcce), I -90 90 A
all other pins not under test = 0 volts
OUTPUT LEAKAGE
Output leakage current (Dour is disabled, loz -90 90 uA
0V < Vout £ Vcee)
OUTPUT LEVELS
Output High (Logic 1) voltage (lout = -5mA) VoH 2.4 \ 1
Output Low (Logic 0) voltage (lout = 5mA) VoL 0.4 \
MAX

PARAMETER/CONDITION SYMBOL| -8 |-10 |-12| -15 [UNITS | NOTES
STANDBY CURRENT: TTL input levels lcc1 |45 |45(45| 45 | mA
(RAS = CAS = Vi after 8 RAS cycles)
OPERATING CURRENT lcc2  |585(495(495/405| mA 2
(RAS and CAS = Cycling: tRc = tRC(MIN))
OPERATING CURRENT: PAGE MODE lcca  |585 (4951495405 | mA 2
(RAS = ViL, CAS = Cycling: trc = tPc(MIN))
REFRESH CURRENT: RAS ONLY lcca  1495360(360|315| mA 2
(RAS = Cycling: CAS = ViH: tRc = tRC(MIN))
REFRESH CURRENT: CAS-before-RAS lccs  [585(495(495/405| mA 2,19
(RAS and CAS = cycling, tRc = tRC(MIN))

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-As) Ci1 45 pF 17
Input Capacitance RAS, CAS, WE Ci2 72 pF 17
Output Capacitance DouT, Din Co 12 pF 17
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MICRON

MT9259DMN

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 3, 4, 5, 10, 11, 17, 18) (0°C < TA <70°C) (Vcc = 5.0V £10%)

A.C. CHARACTERISTICS -8 -10 -12 -15

PARAMETER SYM MIN | MAX | MIN MAX | MIN | MAX | MIN | MAX |UNITS | NOTES
Random READ or WRITE cycle time 'Rc 150 195 230 260 ns 6,7
PAGE-MODE cycle time pc 75 90 100 120 ns 6,7
Access time from RAS 'RAC 80 100 120 150 | ns | 7,8
Access time from CAS 'cAC 40 50 60 75 ns | 7,9
RAS pulse width 'RAS 80 [10,000 | 100 |10,000 | 120 [10,000 | 150 (10,000 | ns

RAS hold time 'RSH 40 50 60 75 ns

RAS precharge time 'RP 60 80 90 100 ns

CAS pulse width ‘cAs 40 10,000 | 60 10,000 | 60 [10,000 | 75 10,000 ns

CAS hold time 'csH 80 110 120 150 ns

CAS precharge time 'cPN 20 25 25 30 ns 18
‘CAS precharge time (PAGE-MODE) ‘cp 25 30 30 35 ns

RAS to CAS delay time 'RCD 20 40 25 50 25 60 25 75 ns 13
TAS to RAS set-up time 'CRP 10 15 20 20 ns

Row address set-up time 'ASR 0 0 0 0 ns

Row address hold time 'RAH 15 15 15 15 ns

Column address set-up time tasc 0 0 0 0 ns

Column address hold time 'cAH 15 20 20 25 ns

Column addres_sﬂ)ld time 'AR 50 70 80 100 ns
referenced to RAS

READ command hold time RCH 0 0 0 0 ns 14
referenced to CAS

READ command hold time "RRH | 0 0 0 0 ns
referenced to RAS

Output buffer turn-off delay 'OFF 0 25 0 30 0 30 0 35 ns 12
WE command set-up time ‘wcs 0 0 0 0 ns

WRITE command hold time WcH 15 35 40 45 ns

WRITE command hold time 'WCR 35 85 100 120 ns
referenced to RAS

WRITE command pulse width wp 15 35 40 45 ns

WRITE command to RAS lead time 'RWL 35 35 40 45 ns

WRITE command to CAS lead time ‘cwL 35 35 40 45 ns

Data-in set-up time 'Ds 0 0 0 0 ns 15
Data-in hold time 'DH 15 35 40 45 ns 15
Data-in hold tin_we_ DHR 35 85 100 120 ns
referenced to RAS

Transition time (rise or fall) T 3 100 3 100 3 100 3 100 ns 5,16
Refresh Period (256 cycles) 'REF 4 4 4 4 ms

CAS set-up time 'csr 10 10 10 10 ns 19
(CAS-before-RAS refresh)

‘CAS hold time 'CHR 15 20 25 30 ns 19
(CAS-before-RAS refresh)
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MT9259DMN

NOTES

1. All voltages referenced to Vss.

2. Icc is dependent on output loading and cycle rates.
Specified values are obtained with minimum cycle
time and the output open.

3. An initial pause of 100us is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 4ms refresh require-
ment is exceeded.

4. AC characteristics assume T = 5ns.

5. Via min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and ViL.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, < 70°C) is assured.

7. Measured with a load equivalent to 2 TTL gates and
100pF.

8. Assumes that 'RCD < 'RCD (max). If 'RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

9. Assumes that 'RCD > '‘RCD (max).

10. If CAS = Vin, data output is high impedance.

11.If CAS = V1L, data output may contain data from the
last valid READ cycle.

12. 'OFF (max) defines the time at which the output

achieves the open circuit condition and is not
referenced to Vo or VoL.

13. Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference Foint only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by 'CAC.

14. 'RCH is referenced to the first rising edge of RAS or
CAS.

15. These parameters are referenced to CAS leading
edge in early WRITE cycles.

16. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vix and

ViL (or between ViL and ViH) in a monotonic manner.

17. Capacitance calculated from the equation C = JAt
AV

with AV = 3V and Vcc = 5V. This parameter is
sampled.

18.1f CAS is low at the falling edge of RAS, DouT will
be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for 'CP. Note 8 applies to determine
valid data out.

19. On-chip refresh and address counters are enabled.

20. A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case set WE = LOW.
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MICRON MT9259DMN

READ CYCLE
tre
trAS trp
w o ( i \
CsH
tRsSH tRRH
tcrp trCD tcas
ViH - 3
RS Vit i__Jf .
AR
tAsR tRAH L tasc tcaH
ADDR x:r :m‘ ROW b COLUMN JEW M ROW
{ tres treH
w e T R
tcac torF
tRAC
DouT zgr K OPEN E:f VALD DATA ] OPEN
EARLY-WRITE CYCLE
t
‘:is " trp
w e ‘ ' / o
CSH
tRsH
tcre tRcD tcas
ViH = : 3
S v - . N\
AR
tasr tRAH tasc tcan
ADDR xl‘f :m ROW { COLUMN : JXZZZZZZZZJZZZ/ ROW
cwL
tRWL -
twer
twes twcH
twp
v T /T,
L tDHR
i tps toH
ow ! LT, VALD DATA
Dout 335: OPEN

DON'T CARE
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ADOR

Dout

ADDR

Oin

PAGE-MODE READ CYCLE
trAS trRp
vH —“——_’—__“WE
{1 S— - 7
tesH
tpc tRSH
tcre treco tcas tep tcas tep tcas tepn
Vig =~ 1 i
Vi ‘_/ \_\;___2 12 J / \_
tar
tasr tRAH tasc tcaH tasc_|{_ tcaK tasc || tcaH
x:r :@gt ROW 5@;( COLUMN W COLUMN W / @Zﬁ coLumn i/ l 42//9( ROW
¢ _J trRes L* trRes L— ¢ [ tRRH
RCS ‘ oy ] RCH
'——— RCH ]—- RCH ,‘
\/H -
w X N4 T
tcac teac teac
tRAC
v -
o open { a2 ( ats { GAR )——oeen
PAGE-MODE EARLY-WRITE CYCLE
trRas trp
MU B l 1
Vig - A
tesH
tpc tRSH
tcre trco tcas - tep tcas tcas tePN
Viy = e r
vir - A J L
tAR
tasr [ [ tRAH tasc tcaH tasc || tcaH tasc || tcaH
z:r 7 E ROW ’m COLUMN m coLUMN ] m COLUMN E(ZZZZZZZ’/ ROW
K A
towe | tow H towe |
twes twen twes || twew ! twes_| [ tweH o
twep twe twe
e ZTITI Wi, 77 T
Vit LT A )
twer N tRwL ]
tOHR h
tbs tbH tos toH tos toH
Vg =
V:E- ///////////////////////// VALID DATA ’E@; VALID DATA ’W% VALID DATA ]

DON'T CARE
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MICRON MT9259DMN

RAS-BEFORE-CAS REFRESH CYCLE
(ADDR = A, - A, Ajand WE = DON'T CARE.)

RAS le - ) l 3
, CRP
o W)
ADDR x:[‘ ~ 0} ROW b / @( ROW
CAS-BEFORE-RAS REFRESH CYCLE
(A0 - AB WE, OE = DON'T CARE.)
RS Mo l \
) CSR CHR ’i
o W\ /
HIDDEN REFRESH CYCLE
(WE = HIGH)
(READ) (REFRESH)
trAS tre tras
s ) - /
L tcre trcD tRsH teHR
TS M . /
AR
tasr tRAH 'i tasc tcan
woor i T v K s K,
CAC
tRAC e torr
DouT ng: OPEN £ VALID DATA OPEN —

DON'T CARE
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MT9259DMN

ORDER INFORMATION

256K x 9, 150ns access, Leaded SIP

PRODUCT # | | PACKAGE || SPEED
MT9253DMN -15

The Micron 256K x 9 DRAM module is functionally
equivalent to other manufacturers’ product meeting JEDEC
standards. It is manufactured and quality controlled in

Micron’s modern Boise, Idaho USA facility using the NMOS
double-poly process. Micron’s QUALITY ASSURED pol-
icy is to offer prompt, accurate and courteous service while
assuring reliability and quality. Functionality is consis-
tently assured over a wider power supply range, tempera-
ture and refresh than specified. Each unit receives acceler-
ated burn-in and several hours of AMBYX™ system level
testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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MICRON

MT9259M/MN

DRAM
MODULES

256K x 9 DRAM

FEATURES

¢ Industry standard pin-out in a 30-pin single-in-line
memory module

¢ Single 5V+10% power supply

e All inputs, outputs and clocks are fully TTL
compatible

* Low power, 135mW standby, 1350mW active, typical

* On-board power supply decoupling capacitors
(0.2uf) for low noise

¢ Refresh modes: RAS only, CAS before RAS, and
Hidden

e 256 cycle refresh distributed across 4ms

¢ Optional Page Mode access cycle

OPTIONS MARKING
¢ Timing
80ns access -8
100ns access -10
120ns access -12
150ns access -15
¢ Organization
256K x 9 MT9259

¢ Packages: Leadless 30-pin SIMM M
Leaded 30-pin SIP MN

AD-A8 Address Inputs CAS TAS9 | Column Address Strobe
DQ1 - DQ8 | Data-In/Data-Out | D9 Data-In

PRD Presence Detect Q9 Data-Out

RAS Row Address Strobel W Write Enable

Vee Power (+5V) Vss Ground
GENERAL DESCRIPTION

The MT9259M/MN is a randomly accessed solid-state
memory containing 262,144 bits organized in a x9 configu-
ration. The 18 address bits are entered 9 bits at a time using
RAS to latch the first 9 bits and CAS the latter 9 bits. If the

PIN ASSIGNMENT (Top View)

(=
@)
(©}
@)
(]
(6)
@)
®)

(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)

NIN6SZ6LIN

=
©
N
a
©
=

CAS9

VbD

MD

Mmi

WE pin goes low prior to CAS going low, the output pin
remains open until the next CAS cycle.

By holding RAS low, CAS may be toggled to execute
several faster READ or WRITE cycles within the RAS
address defined PAGE boundary. Returning RAS high
terminates the memory cycle and decreases chip current to
a reduced standby level. Also the chip is preconditioned
for the next cycle during the RAS high-time. Memory cell
data is retained in its correct state by maintaining power
and executing a RAS (Refresh) cycle so that all 256 combi-
nations of RAS addresses are executed at least every 4 msec
(regardless of sequence). Micron recommends evenly
spaced refresh cycles for maximum data integrity.
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MICRON MT9259M/MN

FUNCTIONAL BLOCK DIAGRAM

s

RAS (27)
s (2)
w (21)
Rl ke
U =
oat ) o Q 0Qs 16) 0 Q
19 | so-ne b9l ho-ne
T u, ’_ﬁ% Us
0Q2 L] o Q 006 (20) [ o 0]
I A L3 L o-no
He HE
003 02 v e o L2 T .
U; — Uy = MT1259EJ \ ,
C1 - Cg = 02 }lf L——gnu ._iQ;;“U
*—T ;7 [: 2]
L) —‘§qu
00 G0 P B
Voo 0300
16,15
Vgs —(922)
PRy —(24)
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE NOTES
tR tC
Standby H H H X X High Impedance
READ L L H ROW | COL | Data Out
WRITE L L L ROW | COL | Dataln
(EARLY-WRITE)
PAGE-MODE L H—L—H, H ROW | COL | Valid Data Out,
READ H—L—-H Valid Data Out
PAGE-MODE L H—L—H, L ROW | COL | Valid Data In,
WRITE H—L—H Valid Data In
RAS ONLY L H H ROW | n/a High Impedance
REFRESH
HIDDEN L—H-L L H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H-L L H X X High Impedance
RAS REFRESH
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MICRON MT9259M/MN

ABSOLUTE MAXIMUM RATINGS*

........... -1.0V to +7.0V
.......... 0°C to +70°C
-55°C to +150°C

Voltage on Vcc supply relative to Vss
Operating Temperature, TA(Ambient)
Storage Temperature
Power Dissipation
Short Circuit Output Current

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(0°C < T, <70°C) (Voo = 5.0V £10%)

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 45 5.5 \
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+1 \ 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 Vv 1
INPUT LEAKAGE
Input leakage current, any input (OV < VIn < Vco), i -90 90 pHA
all other pins not under test = 0 volts
OUTPUT LEAKAGE
Output leakage current (DouT is disabled, loz -90 90 A
0V < Vourt £ Vcce)
OUTPUT LEVELS
Output High (Logic 1) voltage (louT = -5mA) VoH 2.4 ) 1
Output Low (Logic 0) voltage (lout = 5mA) VoL 0.4 \
MAX

PARAMETER/CONDITION SYMBOL| -8 |-10 |-12| -15 [UNITS | NOTES
STANDBY CURRENT: TTL input levels lcct |45 |45 (45| 45 | mA
(RAS = CAS = ViH after 8 RAS cycles)
OPERATING CURRENT lcc2  |585(495(495[405| mA 2
(RAS and CAS = Cycling: trc = tRC(MIN))
OPERATING CURRENT: PAGE MODE lcca  {585(495(495/405| mA 2
(RAS = ViL, CAS = Cycling: trc = tPc(MIN))
REFRESH CURRENT: RAS ONLY lcca |495(360{360(315| mA 2
(RAS = Cycling: CAS = ViH: tRC = tRC(MIN))
REFRESH CURRENT: CAS-before-RAS lccs  |585(495(495/405 mA 2,19
(RAS and CAS = cycling, trc = tRc(MIN))

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-As) Cn 45 pF 17
Input Capacitance RAS, CAS, WE Ci2 72 pF 17
Output Capacitance DouT, DiN Co 12 pF 17
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MT9259M/MN

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 3, 4, 5,10, 11,17, 18) (0°C < T, < 70°C) (Voo = 5.0V £10%)

A.C. CHARACTERISTICS -8 -10 -12 -15

PARAMETER SYM MIN | MAX | MIN MAX MIN MAX MIN MAX | UNITS | NOTES
Random READ or WRITE cycle time 'Rc 150 195 230 260 ns 6,7
PAGE-MODE cycle time pc 75 20 100 120 ns 6,7
Access time from RAS 'RAC 80 100 120 150 ns 7,8
Access time from CAS 'caC 40 50 60 75 ns 7,9
RAS pulse width 'RAS 80 |10,000 | 100 110,000 | 120 {10,000 | 150 [10,000 | ns

RAS hold time 'RSH 40 50 60 75 ns

RAS precharge time 'RP 60 80 90 100 ns

CAS pulse width fcas 40 (10,000 | 60 10,000 | 60 10,000 | 75 10,000 | ns

CAS hold time 'csH 80 110 120 150 ns

CAS precharge time 'cPN 20 25 25 30 ns 18
CAS precharge time (PAGE-MODE) 'cp 25 30 30 35 ns

RAS to CAS delay time 'RcD 20 40 25 50 25 60 25 75 ns 13
TCAS to RAS set-up time 'cRP 10 15 20 20 ns

Row address set-up time 'ASR 0 0 0 0 ns

Row address hold time 'RAH 15 15 15 15 ns

Column address set-up time 'Asc 0 0 0 0 ns

Column address hold time 'CAH 15 20 20 25 ns

Column address hold time ‘AR 50 70 80 100 ns
referenced to RAS

READ command hold time 'ReH 0 0 0 0 ns 14
referenced to CAS

READ command hold time 'RRH 0 0 0 0 ns
referenced to RAS

Output buffer turn-off delay 'OFF 0 25 0 30 0 30 0 35 ns 12
WE command set-up time ‘wes 0 0 0 0 ns

WRITE command hold time ‘weH 15 35 40 45 ns

WRITE command hold time 'WCR 35 85 100 120 ns
referenced to RAS

WRITE command pulse width ‘wp 15 35 40 45 ns

WRITE command to RAS lead time 'RWL 35 35 40 45 ns

WRITE command to TAS lead time fcwL 35 35 40 45 ns

Data-in set-up time 'Ds 0 0 0 0 ns 15
Data-in hold time 'DH 15 35 40 45 ns 15
Data-in hold time 'DHR 35 85 100 120 ns
referenced to RAS

Transition time (rise or fall) T 3 100 3 100 3 100 3 100 ns 5,17
Refresh Period (256 cycles) 'REF 4 4 4 4 ms

CTAS set-up time 'csR 10 10 10 10 ns 19
(CAS-before-RAS refresh)

TAS hold time 'CHR 15 20 25 30 ns 19
(CAS-before-RAS refresh)
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NOTES

1. All voltages referenced to Vss.

2. Icc is dependent on output loading and cycle rates.
Specified values are obtained with minimum cycle
time and the output open. o

3. Aninitial pause of 100ys is required.after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 4ms refresh require-
ment is exceeded.

4. AC characteristics assume ‘T = 5ns.

5. Vix min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and ViL.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. Measured with a load equivalent to 2 TTL gates and
100pF.

8. Assumes that 'RCD < 'RCD (max). If '‘RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

9. Assumes that ‘RCD > ‘RCD (max).

10. If CAS = Vin, data output is high impedance.

11.1f CAS = Vi, data output may contain data from the

last valid READ cycle.

12. 'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Von or VoL.

13. Operation within the 'RCD (max) limit ensures that

'RAC (max) can be met. 'RCD (max) is specified as a

reference point only; if 'RCD is greater than the

specified 'RCD (max) limit, then access time is con-
trolled exclusively by ‘CAC.

'RCH is referenced to the first rising edge of RAS or

CAS.

15. These parameters are referenced to CAS leading

edge in early WRITE cycles.

In addition to meeting the transition rate specifica-

tion, all input signals must transit between Vix and

14.

16.

ViL (or between ViL and VIH) in a monotonic manner.

17. Capacitance calculated from the equation C = IAt

AV
with AV =3V and Vcc = 5V. This parameter is
sampled.

If CAS is low at the falling edge of RAS, Dout will
be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for 'CP. Note 8 applies to determine
valid data out.

On-chip refresh and address counters are enabled.
A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case set WE = LOW.

18.

19.
20.
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MICRON MT9259M/MN

READ CYCLE
VA - : i -
os D F . N Y
= 2 /I A
EARI:Y-WRITE CYCLE
M N — — \
oS M _/*I: - :Rcoﬂ \ - /
oo 31 K Yy M )
W T L/// 7\ :R Y
ow ' T DSVAL'DDATADH K/

DON'T CARE
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MICRON MT9259M/MN

ADDR

Dout

ADDR

Oin

PAGE-MODE READ CYCLE
tRAS trp
Vi Y
V::j - JZQ\;
tesH
tpc tRSH
terp trco tcas tee tcas tep tcas tepn
Vi = F Y \ |
ViL - . 1\\ b K 472 yuj_. \___
AR
tasr tRAH tasc tcaH tasc || tcaH tasc tcaH

Vig < — +

v _@g ROW COLUMN }W ﬁ COLUMN COLUMN W //27 / ROW
¢ tres |-~ tres L— N —‘l k= tRRH
RCS . . RCH

r———' RCH — |* RCH —=1 Iv

W 7 Xur il 7
teac tcac tcac
tRaC
e o (TR { BB — o
PAGE-MODE EARLY-WRITE CYCLE
tRAS trP
e A /[ k
tesH v
tpc trRsH
tcrp trcD tcas tep tcas tcas tepn
= e
e K , ; ) ( 7 L
AR
tasr || trRaH tasc tcaH tasc || tcaH tasc || tcaH
:,’:t‘: E ROW COLUMN ] / % COLUMN ] m{ column ] // WM ROW
tow | towe | towe N
twes twen ' twes || tweH o twes || tweH '
twp twe twp
w T, W, A T
v ALy
twer tRwL il
tOHR -
tos toH tos toH tos toH
x:[‘: / ////Wm; VAUID DATA 5@1& VALID DATA @;‘ VALID DATA ’W/// ////////////A

DON'T CARE

2-79

s31naow wvya |



S37NAON WVHA I

MICRON MT9259M/MN

RAS-BEFORE-CAS REFRESH CYCLE
(ADDR = A - A_; A, and WE = DON'T CARE.)

trAs .

\Z =
LSV N Jﬁ
tcrp
v =
v N

tAsr tRAH

ADDR z:[‘ : /% Row ]W// / /

VoH -
Dout vgf- OPEN

CAS-BEFORE-RAS REFRESH CYCLE
(Ag - Ag WE, OE = DON'T CARE.)

tRAS trp
RES YW - ¥
A - N

tcrP tcHR
TAs VM - /{‘
AS v - X
VOH —
Dout v - OPEN

HIDDEN REFRESH CYCLE
(WE = HIGH)
(READ) (REFRESH)
tRAS

trRAS trP
vy m
RAS UM - /
I

tcre trReo | tRSH tCHR

w o A ]
t
tasr tRAH ‘:‘;c tcaH
S/ ST ST /i,
CcAC
tRAC e torr
Dout xgr: OPEN VALID DATA OPEN —

DON'T CARE
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MICRON

MT9259M/MN

ORDER INFORMATION

256K x 9, 100ns access, Leadless SIP

PRODUCT # | |PACKAGE | | SPEED

—— 5

MT9259M -10

The Micron 256K x 9 DRAM module is functionally
equivalent to other manufacturers’ productmeeting JEDEC
standards. It is manufactured and quality controlled in

Micron’s modern Boise, Idaho USA facility using the NMOS
double-poly process. Micron’s QUALITY ASSURED pol-
icy is to offer prompt, accurate and courteous service while
assuring reliability and quality. Functionality is consis-
tently assured over a wider power supply range, tempera-
ture and refresh than specified. Each unit receives acceler-
ated burn-in and several hours of AMBYX™ system level
testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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MICRON

PRELIMINARY
MT8C3656

DRAM
MODULES

256K x 36 DRAM

FEATURES

¢ Industry standard pin-out in a 72-pin single-in-line
package.

* High performance CMOS silicon gate process.

¢ Single 5V+10% power supply.

¢ All inputs, outputs and clocks are fully TTL and

CMOS compatible.

¢ Low power, 100mW standby, 2000mW active, typical.

¢ On-board power supply decoupling capacitors
(0.2uf) for low noise.

¢ Refresh modes: RAS only, CAS before RAS, and
Hidden.

¢ 512 cycle refresh distributed across 8ms.

¢ Optional Fast Page Mode.

OPTIONS MARKING
¢ Timing
100ns access -10
120ns access -12
150ns access -15

¢ Organization
256K x 36 MT8C3656

¢ Packages: Leadless 72-pin SIMM M

Leaded 72-pin SIP MN
A0-A8 Address Inputs | CTASO - CAS3 | Column Address Strobe
DQO-DQ35 |Data-In/Data-Out | PRDO-PRD3 | Presence Detect
w Write Enable RAS0, RAS2 | Row Address Strobe
NC No Connection Voo Power (+5V)
Vss Ground
GENERAL DESCRIPTION

The MT8C3656 is a randomly accessed solid-state
memory containing 262,144 bits organized in a x36 con-
figuration. During READ or WRITE cycles each bit is
uniquely addressed through the 18 address bits which are
entered 9 bits (A0-A8) at a time. RAS is used to latch the
first 9 bits and CAS the latter 9 bits. A READ or WRITE

cycle is selected with the WE input. A logic high on WE

dictates READ mode while a logic low on WE dictates
WRITE mode. During a WRITE cycle data in (DiN) is
latched by the falling edge of WE or CAS, whichever occurs
last. If WE goes low prior to CAS going low, the output

PAGE MODE
PIN ASSIGNMENT (Top Vlew) MK
8
PIN#| SYMBOL | PIN#| SYMBOL | PIN# [ SYMBOL | PIN#| SYMBOL
1 Vee 19 NC 37 DQ17 55 DQ12
2 DQO 20 DQ4 38 DQ35 56 DQ30
3 DQ18 21 DQ22 39 Vss 57 DQ13
4 DAt 22 DQ5 40 TAS0 58 DQ31
5 DQ19 23 DQ23 L3l CAS2 59 Vee
[ DQ2 24 DQ6 42 CAS3 60 DQ32
7 DQ20 25 DQ24 43 CAST 61 DQ14
8 DQ3 26 DQ7 44 RASO 62 DQ33
9 D@21 27 DQ25 45 NC 63 DQ1s
10 Vee 28 A7 46 NC 64 DQ34
11 NC 29 NC 47 WE 65 DQ16
12 A0 30 Vee 48 NC 66 NC
13 Al 31 A8 49 DQ9 67 PRD1
14 A2 32 NC 50 DQ27 68 PRD2
15 A3 33 NC 51 DQ10 69 PRD3
16 A4 34 RAS2 52 DQ28 70 PRD4
17 A5 35 DQ26 53 Da11 1Al NC
18 A6 36 DQ8 54 DQ29 72 Vss

pin(s) remain open (High Z) until the next CAS cycle. If
WE goes low after data reaches the output pin(s), Dour is

activated and retains the selected cell data as long_a_s CAS

remains low (regardless of WE or RAS). This late WE pulse
results in a READ-WRITE cycle.

Returning RAS and CAS high terminates a memory
cycle and decreases chip current to a reduced standby
level. Also, the chip is preconditioned for the next cycle
during the RAS high time. Memory cell data is retained in
its correct state by maintaining power and executing any
RAS cycle (READ, WRITE, RAS only, CAS—beforeﬂS, or
Hidden refresh) so that all 512 combinations of RAS ad-
dresses (A0-A8) are executed atleast every 8ms, regardless
of sequence.

PAGE MODE operations allows faster data operations
(READ, WRITE or READ-MODIFY-WRITE) within a row
address (A0-A8) defined pageboundary. The PAGE MODE
cycle is always initiated with a row address strobed in by
RAS followed by a column address strobed in by CAS. By
holding RAS low, CAS may be toggled strobing in differ-
ent column addresses executing faster memory cycles.
Returning RAS  high terminates the PAGE MODE
operation.
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MICRON MT8C3656

PRELIMINARY

FUNCTIONAL BLOCK DIAGRAM

DQO --=rs-osrsnremmssemnnen s DQ8 DQG ~-tesseresmmmeerenienne s DQ17
DQt -4 DQ1 -4 Dn Dout DQ1-4 DQt -4 Oy Dout
WE WE WE WE WE WE
x4 x4 _x1 x4 x4 __ox1
CAS CAS CAS CAS CAS CAS
RAS —| RAS RAS RAS RAS RAS
OE A0-A8 OE A0-A8 AO-A8 OE A0-A8 OE A0-A8 AO-A8
L= L% = L i e
DQ1B =smmesssssmsrems s s DQ26 DQ27 wvensremssesmsns s DQ35
DQ1-4 DQ1 -4 qN DOUT DQ1-4 DQ1 -4 DlN DOUT
we x4 V_TE_ x4 !V_E_ x1 F_ we x4 we x4 W—: x1
——| CAS CAS CAS CAS ——| CAS CAS
RAS RAS RAS RAS RAS RAS
OE A0-A8 OE A0-A8 A0-A8 OE A0-A8 OE A0-A8 A0-A8
rell e | ||| o) | e
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE NOTES
tR tC
Standby H H X X High Impedance
READ L ROW | COL | Data Out
WRITE L L ROW | COL | Data In
(EARLY-WRITE)
PAGE-MODE L H—=L—H, H ROW | COL | Valid Data Out,
READ H—L—H Valid Data Out
PAGE-MODE L H—L—H, L ROW | COL | Valid Data In,
WRITE H—-L—-H Valid Data In
RAS ONLY L H H ROW | n/a High Impedance
REFRESH
HIDDEN L—=H-L L H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H—-L L H X X High Impedance
RAS REFRESH




PRELIMINARY

MICRON MT8C3656

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss..... -1.0V to +7.0V
Operating Temperature, TA(Ambient) 0°C to +70°C
Storage Temperature (Plastic) ............. 55°C to +150°C
Power Dissipation ......................
Short Circuit Output Current .........c.cccooeiveivincinns 50mA

DC ELECTRICAL CHARACTERISTICS
(Notes : 1,3,4,6,7) (0°C < T, <70°C = 5.0V + 10%)

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.

PARAMETER/CONDBITION SYMBOL | MIN MAX | UNITS | NOTES
OPERATING CURRENT lcct 720 mA 3,4
(RAS and CAS = Cycling: tRc = tRC(MIN))
OPERATING CURRENT: FAST PAGE MODE Icca 720 mA 3,4
(RAS = ViL, CAS = Cycling: trc = tPc(MIN))
STANDBY CURRENT: TTL INPUT LEVELS lccs 55 mA
Power supply standby current (RAS = CAS = ViH
after 8 RAS cycles min.)
STANDBY CURRENT: CMOS INPUT LEVELS Iccsa 28 mA
Power supply standby current (RAS = CAS = Vcc -0.2V
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2V)
REFRESH CURRENT: RAS ONLY Ices 500 mA 3
(RAS = Cycling: CAS = ViH)
REFRESH CURRENT: CAS-before-RAS lcce 500 mA 3,5
(RAS and CAS = Cycling)
INPUT LEAKAGE CURRENT
(any input (OV < VIN < Vcc), I -10 10 nA
all other pins not under test = 0 volts) (For each package input)
OUTPUT LEAKAGE CURRENT
(Dour is disabled, 0V < Vour < Vcc) (For each package input) loz -10 10 uA
OUTPUT LEVELS
Output High voltage (lout = -5mA) VoH 2.4 Vv 1
Output Low voltage (lout = 5mA) VoL 0.4 \"
RECOMMENDED DC OPERATING CONDITIONS
(0°C < TA <70°C)
PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+il \ 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \ 1

S3TNAON NVHA



PRELIMINARY
MICRON MT8C3656

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-As) Cn 60 pF 18
Input Capacitance (WE) Cr 84 pF 18
Input Capacitance (RAS0, RAS2) Ci 42 pF 18
Input Capacitance (CAS0, CAS1, CAS2, CAS3) Cia 21 pF 18
Input Capacitance (DQO - DQ35) Cis 7 pF 18
Output Capacitance (DQO - DQ35) Cot 7 pF 18

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12,13) (0°C < T, < +70°C, Ve = 5.0V + 10%)

S371NAOW WVHA I

A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time ‘Rc 190 220 260 ns
PAGE-MODE READ or WRITE pc 90 100 120 ns

cycle time

Access time from RAS 'RAC 100 120 150 ns 14
Access time from CAS 'cac 50 60 75 ns 15
Access time from column address ‘AA 50 60 75 ns

Access time from CAS precharge lcpA 50 65 75 ns

RAS pulse width 'RAS 100 10,000 120 10,000 150 10,000 ns

RAS pulse width (PAGE MODE) 'RASP 100 100,000 120 100,000 150 100,000 ns

RAS hold time 'RSH 50 60 75 ns

RAS precharge time 'RP 80 90 100 ns

CAS pulse width 'cAS 50 10,000 60 10,000 75 10,000 ns

TAS hold time 'CSH 100 120 150 ns

CAS precharge time 'CPN 25 25 30 ns 16
CAS precharge time (PAGE MODE) cp 30 30 35 ns

RAS to CAS delay time 'RCD 25 50 25 60 25 75 ns 17
CAS to RAS precharge time 'CRP 15 20 20 ns

Row address set-up time 'ASR 0 0 0 ns

Row address hold time 'RAH 15 15 15 ns

RAS to column 'RAD 20 50 20 60 20 75 ns 18
address delay time

Column address set-up time 'ASC 0 0 0 ns

Column address hold time 'cAH 20 20 25 ns

Column addres_sh_old time 'AR 70 80 100 ns
(referenced to RAS)

Column address to RAL 50 60 75 ns

RAS lead time

Read command set-up time 'Rcs 0 0 0 ns

Read command hold time 'RCH 0 0 0 ns 19
(referenced to CAS)

Read command hold time 'RRH 0 0 0 ns 19
(referenced to RAS)
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MICRON

PRELIMINARY

MT8C3656

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11,12, 13) (0°C < T, < +70°C, Ve = 5.0V + 10%)

A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
‘CAS to output in low-Z ‘cLz 5 5 5 ns

Output buffer turn-off delay 'OFF 0 30 0 30 0 30 ns 20
WE command set-up time 'wes 0 0 0 ns 21
Write command hold time 'WcH 35 40 45 ns

Write command hold time 'WCR 85 100 120 ns
(referenced to RAS)

Write command pulse width 'wp 35 40 45 ns

Write command to RAS lead time 'RWL 35 40 45 ns

Write command to CAS lead time lowL 35 40 45 ns

Data-in set-up time 'Ds 0 0 0 ns 22
Data-in hold time 'DH 35 40 45 ns 22
Data-in hold time 'DHR 70 80 90 ns
(referenced to RAS)

RAS to WE delay time 'RWD 90 110 135 ns 21
Column address 'AWD 50 60 70 ns 21
to WE delay time

CAS to WE delay time 'cwbD 35 40 45 ns 21
Transition time (rise or fall) T 3 50 3 50 3 50 ns 9,10
Refresh Period (512 cycles) 'REF 4 4 4 ms

RAS to CAS Precharge time 'RPC 0 0 0 ns

TAS set-up time 'csR 10 10 10 ns 5
(CAS-before-RAS refresh)

TAS hold time 'CHR 20 25 30 ns 5
(CAS-before-RAS refresh)
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MICRON

PRELIMINARY
MT8C3656

NOTES

1.
2.

10.

11.

12.

13.

14.

15.
16.

All voltages referenced to Vss.

This parameter is sampled. Capacitance is calculated
from the equation C = IAt with AV =3V and Vcc =
5V. AV

Icc is dependent on cycle rates.

Icc is dependent on output loading. Specified values
are obtained the output open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

An initial pause of 100s is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 8ms refresh require-
ment is exceeded.

AC characteristics assume 'T = 5ns.

Vin min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and ViL (or between ViL
and ViH).

In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vix and
VIL (or between ViL and Vin) in a monotonic manner.
If CAS = Viy, data output is high impedance.

1f CAS = VI, data output may contain data from the
last valid READ cycle.

Measured with a load equivalent to 2 TTL gates and
100pF.

Assumes that 'RCD < 'RCD (max). If ‘RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

Assumes that ‘RCD > 'RCD (max).

If CASis low at the falling edge of RAS, Dout will

17.

18.

19.

20.

21.

22

23.

be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for ‘CPN.

Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference Point only; if 'RCD is greater than the
specified "RCD (max) limit, then access time is con-
trolled exclusively by 'CAC.

Operation within the 'RAD (max) limit ensures that
'RCD (max) can be met. 'RAD (max) is specified as a
reference Epoint only; if '‘RAD is greater than the
specified 'RAD (max) limit, then access time is con-
trolled exclusively by 'AA.

Either 'RCH or ‘RRH must be satisfied for a READ
cycle.

OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Von ot VoL.

tWCS, tRWD, YAWD and 'CWD are restrictive
operating parameters in late WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If 'WCS >
'WCS (min) the cycle is an early WRITE cycle and the
data output will remain an open circuit throughout
the entire cycle. If 'RWD > 'RWD (min), 'AWD >
'AWD (min) and ‘CWD > 'CWD (min) the cycle is a
READ-WRITE and the data output will contain data
read from the selected cell. If neither of the above -
conditions are met the state of data out (at access
time and until CAS goes back to Vin) is indetermi-
nate.

. These parameters are referenced to CAS leading

edge in early WRITE cycles and WE leading edge in
late WRITE or READ-WRITE cycles.

A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW.
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MICRON MT8C3656

READ CYCLE
RS - i
S
ADDR z:r :mz ROW COLUMN JWM / W ﬁ/ /@( ROW
v l r_ trcs tRCH
w ( % i,
DouT :;g'c: OPEN ﬁ’m VALID DATA - OPEN
EARLY-WRITE CYCLE
. —
v terp tRCD tcas
- V:r :_/ tar
tasr :222 tasc :::
woor i 777X Row KU cowoms ( K/ ﬁ NS row
o /|///l///////7/ﬂ — i,
ow vy T VAUD DATA S

% .
DON'T CARE
m UNDEFINED
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PRELIMINARY

MT8C3656

PAGE-MODE READ CYCLE

tRASP trp
Vi =
RS s
tesH tec tRSH
L_tcrp trco tcas tep tcas tee tcas tepn
VIH = r 3 i h \
TAs /
ViL -__/ A \__
tAR
trAD tRAL
tasr || tRAH tasc tcaH tasc tcan tasc tean

ViH = —
AR M _m ROW i@gk COLUMN comn K/ COLUMN /) X _Row

|.._( |-—t “| ~
[,e tres o [._[ j RchcH*j ~[ RCS tRCH tRRH
w i N N s
L tan 1 taa L tan
tRAC " tcpa il tcpa
tcac | torr | teac LoFF, teac |} torF

tetz tetz -~ tetz =~
VOH - VALID VALID VALID
DouT vq = OPEN \_DATA DATA DATA OPEN

PAGE-MODE EARLY-WRITE CYCLE

tRASP trp
RAS xm - I 1
- tesH tec tRsH
i_ terP trco tcas tep tcas tep tcas teen
. | 5
AR
trRAD tRAL
tasr || tRaAH tasc tcan tasc {[_tcan tasc || tcan
ADDR z:’c :m ROW COLUMN COLUMN COLUMN ROW
tow i tow J tow il
twes twen o twes || twer o twes || twon o
twe twe twe
w7 Wi T
N twer tRwL .
C toHR -
T tos toH tos || tow tos || tou
O x:[‘ R VALID DATA VALID DATA VALID DATA Wi
Oout :g: oPEN

DON'T CARE
m UNDEFINED
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MICRON MT8C3656

Vi =
RAS v -

terp

RAS ONLY REFRESH CYCLE
(Ag-Agand WE = DON'T CARE.)

tre

tRAS

L trp

P[‘

ViH =
RS ViL -____/)F

tasr tRAH
wor V3 JIN___eor NI )
Dout xgr:
m-BEFORE-%S REFRESH CYCLE
(A0 - A8 and WE = DON'T CARE))
o I J'L:L_

oo N

tesr

tCHR

s31naow wvua jj

/

Dout 583:
HIDDEN REFRESH CYCLE
(WE = HIGH)
(READ) (REFRESH)
tRAS trAS
ViH - b
RAS vie -
tcre tRep _, tRsH tcHR
Vi =
TAS v:[‘ N t
AR
tRAD tRAL
tasr || tRAH tasc || tcan
ADOR x:r :mr ROW wﬁ%&%@ COLUMN W / / / / / / /////////
taa
tRaC
tcac -~ et
tez OFF
Dout xgt‘: OPEN VALID DATA b— oPEN —

DON'T CARE
m UNDEFINED
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MICRON MT8C3656

PRELIMINARY

ORDER INFORMATION
256K x 36, 120ns access, Page Mode Access, SIMM

PRODUCT # | |PACKAGE || SPEED
L I
__I_J__I__I
MT8C3656 M -12

The Micron DRAM module family is manufactured and
quality controlled in Micron’s modern Boise, Idaho USA
facility using its low power, high performance CMOS and

S3T1NAOW WVYHA l

NMOSsilicon gate processes. They are functionally equiva-
lent to other manufacture's products meeting JEDEC stan-
dards. Several parameters are sampled; however, fuction-
ality is consistently assured over a wider power supply,
temperature and refresh range than specified. Each unit
receives accelerated burn-in and several hours of AM-
BYX™ system level testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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MICRON MT8C8024

DRAM
MODULES

1IMEG x 8 DRAM

FAST PAGE MODE

FEATURES

¢ Industry standard pin-out in a 30-pin single-in-line
package.

High performance CMOS silicon gate process.

Single 5V+10% power supply.

All inputs, outputs and clocks are fully TTL and
CMOS compatible.

* Low power, 40mW standby, 1400mW active, typical.

* On-board power supply decoupling capacitors
(0.2uf) for low noise.

Refresh modes: RAS only, CAS before RAS, and
Hidden.

e 512 cycle refresh distributed across 8ms.

¢ Optional Fast Page Mode.

OPTIONS MARKING
¢ Timing
80ns access -8
100ns access -10
120ns access -12
150ns access -15
® Access Mode Option
Fast Page Mode MT8C8024

Packages: Leadless 30-pin SIMM M

PIN ASSIGNMENT (Top View)
Voo )
TAS @@ Voo
oAl (3 o5
A @) oar
Al (5) a0
Q2 () A1

A2 (Y] oaz
A8 -
v ©
0% (10) = o =
A4 (1) _l As

A5 (12) o) 2 -.l
DQ4  (13) oas (")
A6 (14) 0 A6 o
AT (15) (] a7
DQs  (16) o 0as [}
A8 (17) N o (=]
A (18 - N
NC  (19) H o 5
= =

1)

Vss  (22) z D‘:)‘;
DQ7  (23) ]
PRD (24 a8
D8 (25) ®
NC  (26) g
NC (9 MG vm MJ
VoD (30

WRITE mode. During a WRITE cycle data in (DIN) is
latched by the falling edge of ‘WE or CAS, whichever occurs
last. If WE goes low prior to CAS going low, the output
pin(s) remain open (High Z) until the next CAS cycle. If
WE goes low after data reaches the output pin(s), Dour is
activated and retains the selected cell data as long as CAS
remains low (regardless of WE or RAS). This late WE pulse
results in a READ-WRITE cycle.

Returning RAS and CAS high terminates a memory
cycle and decreases chip current to a reduced standby
level. Also, the chip is preconditioned for the next cycle
during the RAS high time. Memory cell data is retained in
its correct state by maintaining power and executing any

Leaded 30-pin SIP MN
A0-A9 Address Inputs CAS, CAS9| Column Address Strobe
DQ1 - DQ8 | Data-In/Data-Out D9 Data-In
PRD Presence Detect Q9 Data-Out
RAS Row Address Strobed W Write Enable
\Vop Power (+5V) Vss Ground
GENERAL DESCRIPTION

The MT8C8024M/MN is a randomly accessed solid-
state memory containing 1,048,576 bits organized in a x8
configuration. During READ or WRITE cycles each bit is
uniquely addressed through the 20 address bits which are
entered 10 bits (A0-A9) at a time. RAS is used to latch the
first 10 bits and CAS the latter 10 bits. A READ or WRITE

cycle is selected with the WE input. A logic high on WE

dictates READ mode while a logic low on WE dictates

RAS cycle (READ, WRITE, monly, CAS-before-RAS, or
Hidden refresh) so that all 512 combinations of RAS ad-
dresses (AQ-A8) are executed at least every 8ms, regardless
of sequence.

PAGE MODE operations allows faster data operations
(READ, WRITE or READ-MODIFY-WRITE) within a row
address (A0-A9) defined pageboundary. The PAGEMODE
cycle is always initiated with a row address strobed in by
RAS followed by a column address strobed in by CAS. By
holding RAS low, CAS may be toggled strobing in differ-
ent column addresses executing faster memory cycles.
Returning RAShigh terminatesthe PAGE MODE operation.
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MICRON MT8C8024

FUNCTIONAL BLOCK DIAGRAM

10

@7

@
20 (4) / @ (21)
A (5)
A2 @ $194 | Ao-a9 1194 | A0-A9
+— RAS $———— RAS
a—2 ws U, s Us
a0 oa1 —& g Q oas {12 : Q
AS 02) Vob__Vss Voo Vss
a6 — 0/ L‘_ij
A7 ——(‘5)
A8 %_ ’_E ;;;As ,_m ;;;AD
o — U8 ws U, s U
0Q2 ©) [ D 0] DQé (20) : Q
10, | ao-s 0 ao-as
y+— RAS p—— rAs
ws Uy ws U,
0Q3 (10) Z’ Q bQ7 (23) : Q
U1 - Ua = MT4C1024DJ
C1 - Cg = 02 ;Af \‘_D"_;;;"” _‘_L*Jg“
s U, s Ug
DQ4 (13) D Q DQ8 25) : Q
___—T\lb VSS—l Voo V'S_]
Voo (1,30)
Ic, e
Ves (9.22) q
RE (24)
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE NOTES
tR tC
Standby H H H X X High Impedance
READ L L H ROW | COL | Data Out
WRITE L L L ROW | COL | Dataln
(EARLY-WRITE)
PAGE-MODE L H—L—H, H ROW | COL | Valid Data Out,
READ H—L—H Valid Data Out
PAGE-MODE L H—L—H, L ROW | COL | Valid Data In,
WRITE H—=L—H Valid Data In
RAS ONLY L H H ROW | n/a High Impedance
REFRESH
HIDDEN L—H-L L H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H-L L H X X High Impedance
RAS REFRESH

2-94



MICRON MT8C8024

ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under “Absolute Maxi-
Voltage on Vcc supply relative to Vss..... -1.0V to +7.0V mum Rfiti.ngs” may cause permanent d‘amage to th? de-
Operating Temperature, Ta(Ambient) .......... 0°C to +70°C vice. This is a stress rating only and functional operation of
Storage Temperature (Plastic) ................... -55°C to +150°C the device at these or any other conditions above those
Power DiSSIPation ...........ccoveveemrincuniinreereereneeeseneenens 8 Watt indicated in the operational sections of this specification is
Short Circuit Output Current ...........ccccccovveiniriccae 50mA not implied. Exposure to absolute maximum rating condi- -

tions for extended periods may affect reliability.

Power supply standby current (RAS = CAS = Vin
after 8 RAS cycles min.)

STANDBY CURRENT: CMOS INPUT LEVELS Icca 8 mA
Power supply standby current (RAS = CAS = Vcc -0.2V
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2V)

DC ELECTRICAL CHARACTERISTICS >

(Notes : 1,3, 4,6,7) (0°C < T, < 70°C = 5.0V + 10%) 3
PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES g
OPERATING CURRENT lcct 400 mA 3,4 O
(RAS and CAS = Cycling: trc = tRC(MIN)) U
OPERATING CURRENT: FAST PAGE MODE lcc2 400 mA 3,4 C
(RAS = ViL, CAS = Cycling: trc = tPc(MIN))
STANDBY CURRENT: TTL INPUT LEVELS lcca 16 mA E

REFRESH CURRENT: RAS ONLY lccs 280 mA 3
(RAS = Cycling: CAS = ViH)
REFRESH CURRENT: CAS-before-RAS Icce 280 mA 3,5

(RAS and CAS = Cycling)

INPUT LEAKAGE CURRENT
(any input (OV < VIN < Vcce), I -80 80 uA
all other pins not under test = 0 volts)

OUTPUT LEAKAGE CURRENT

(Dourt is disabled, 0V < Vourt < Vcc) loz -80 80 HA
OUTPUT LEVELS

Output High voltage (lout = -5mA) Von 2.4 \Y 1
Output Low voltage (lout = 5mA) VoL 0.4 \

RECOMMENDED DC OPERATING CONDITIONS
(0°C < T, <70°C)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vcce 4.5 5.5 \"

Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+l \" 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 Vv 1
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MICRON MT8C8024

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-Ag) Cn 40 pF 18
Input Capacitance RAS, CAS, WE Ci2 56 pF 18
Output Capacitance Dout, DIN Co 12 pF 18

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C, Voc = 5.0V + 10%)

S3TNAON WVHA I

A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time 'RC 190 220 260 ns
PAGE-MODE READ or WRITE 'pC 55 70 85 ns

cycle time

Access time from RAS 'RAC 100 120 150 ns 14
Access time from CAS 'cAC 25 30 45 ns 15
Access time from column address aA 50 60 70 ns

Access time from CAS precharge 'cPA 50 65 75 ns

RAS pulse width 'RAS 100 10,000 120 10,000 150 | 10,000 ns

RAS pulse width (PAGE MODE) 'RASP 100 100,000 120 100,000 150 100,000 ns

RAS hold time 'RSH 25 30 45 ns

RAS precharge time 'RP 80 90 100 ns

CAS pulse width 'cas 25 10,000 30 10,000 45 10,000 ns

CAS hold time 'cSH 100 120 150 ns

CAS precharge time 'CPN 15 20 25 ns 16
‘CAS precharge time (PAGE MODE) 'cp 10 15 20 ns

RAS to CAS delay time 'RCD 10 75 15 90 15 105 ns 17
CAS to RAS precharge time ‘cRP 10 10 10 ns

Row address set-up time ‘ASR 0 0 0 ns

Row address hold time ‘RAH 10 15 15 ns

RAS to column 'RAD 10 50 15 60 15 70 ns 18
address delay time

Column address set-up time 'AsSC 0 0 0 ns

Column address hold time 'CAH 15 20 25 ns

Column address hold time 'AR 60 70 80 ns
(referenced to RAS)

Column address to 'RAL 50 60 70 ns

RAS lead time

Read command set-up time 'RCS 0 0 0 ns

Read command hold time 'RCH 0 0 0 ns 19
(referenced to CAS)

Read command hold time 'RRH 0 0 0 ns 19
(referenced to RAS)

TAS to output in low-Z ‘cLz 5 5 5 ns

Output buffer turn-off delay tOFF 0 25 0 25 0 30 ns 20
Write command hold time 'WCH 20 25 30 ns
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MICRON MT8C8024

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9,10, 11,12, 13) (0°C < T, < +70°C, Vce = 5.0V £ 10%)

A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES

Write command hold time 'WCR 70 80 90 ns

(referenced to RAS) -
Write command pulse width 'wp 20 25 30 ns U
Write command to RAS lead time ‘RWL 25 30 35 ns

Write command to CAS lead time ‘owL 25 30 35 ns m
Data-in set-up time 'ps 0 0 0 ns 21 >
Data-in hold time 'DH 15 20 25 ns 21 g
Data-in hold time 'DHR 70 80 90 ns

(referenced to RAS)

RAS to WE delay time 'RWD 90 110 135 ns g
Colir]_m address tAwD 50 60 70 ns O
to WE delay time

CAS to WE delay time ‘cwb .35 40 45 ns U
Transition time (rise or fall) T 3 50 3 50 3 £0 ns 9,10 C
Refresh Period (512 cycles) 'REF 8 8 8 ms -~
RAS to CAS Precharge time 'RPC 0 0 0 ns rn
‘CAS set-up time 'CSR 10 10 10 ns 5
(CAS-before-RAS refresh) (ﬂ
CTAS hold ime 'CHR 20 25 30 ns 5
(CAS-before-RAS refresh)
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MICRON

MT8C8024

NOTES

1.
2.

10

11.
12.

13.

All voltages referenced to Vss.

This parameter is sampled. Capacitance is calculated
from the equation C = IAt with AV =3V and Vcc =
5V. AV

Icc is dependent on cycle rates.

Icc is dependent on output loading. Specified values
are obtained the output open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

An initial pause of 100us is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 8ms refresh require-
ment is exceeded.

AC characteristics assume 'T = 5ns.

Vin min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and ViL (or between ViL
and Vin).

. In addition to meeting the transition rate specifica-

tion, all input signals must transit between Vin and
ViL (or between ViL and Vin) in a monotonic manner.
1f CAS = Vin, data output is high impedance.

If CAS = Vi, data output may contain data from the
last valid READ cycle.

Measured with a load equivalent to 2 TTL gates and
100pF.

14.

15.
16.

17.

18.

19.

20.

22.

23.

Assumes that 'RCD < 'RCD (max). If 'RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

Assumes that 'RCD > 'RCD (max).

If CAS is low at the falling edge of RAS, Dout will
be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for ‘CPN.

Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference point only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by '‘CAC.

Operation within the 'RAD (max) limit ensures that
'RCD (max) can be met. 'RAD (max) is specified as a
reference point only; if 'RAD is greater than the
specified 'RAD (max) limit, then access time is con-
trolled exclusively by 'AA.

Either 'RCH or 'RRH must be satisfied for a READ
cycle.

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Vou ot VoL.

These parameters are referenced to CAS leading
edge in early WRITE cycles.

A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW.

2-98



MT8C8024

READ CYCLE

tre
tRAS trp
v - -
RAS -
tesH
tRsH tRRH
tcre trRcD teas
Viy =
oS oW
tar
tRAD tRAL
tasr tRAH tasc tcaH

ADDR x ::‘ :mL ROW m{ COLUMN XZZE;/ &( ROW
tres tRCH

|
w v Y T

taa
trac
teac torF
terz
VoH - —\
Dout g = OPEN m VALID DATA OPEN

s31naow wvya

EARLY-WRITE CYCLE

trReC
tRAS | trp
RES zm -
[
tesH
tRsH
| terp treo tcas
s YW F
Lo
taR
trAD tRAL
tAsR tRAH tasc tean
Viy = —
ADDR M _mg ROW COLUMN X ROW
tewe |
tRw '
twer '
twes twer
twe
VIH —
we Vit / / / /
L tDHR
' tos toH
\ -
on v VALID DATA W /
VoH -
Dout ng B OPEN

DON'T CARE
m UNDEFINED
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MT8C8024

ADDR

Dout

PAGE-MODE READ CYCLE

tRASP trP
W f‘:JL
tesH tpc tRSH
. tcre tren tcas tep tcas tep tcas teen
| |
\ = X
W/ \ / N ; A
tAR
trAD tRAL
tasr_||_tRAH tasc tcaH tasc tcan tasc tcaH
VIH - —
Wz ROW m{ COLUMN COLUMN COLUMN W ﬁ( ROW
t |--—iRcs I'**‘RCS ¢ —-I [ tRRH
i RCS treH — treH - RCH
— [ rl
w iy X Xy Y
taa [N taa L taa
tRac T tepa ' tcpa
teac torF, teac LoFF, teac o o
tclz = terz teLz =
Vo — v Y
g 2 R (TR oo
PAGE-MODE EARLY-WRITE CYCLE
trASP ! R,
\ .
RES UM - y \
* tesH tpc tRsH
i_ terp trReD tcas tep tcas tee tcas tepn
= ] t S
AR
tRAD tRAL
tasr || tRAH tasc tcaH tasc_{| tcaH tasc || tcaH
ADDR x:’l_* :m ROW ﬁm COLUMN ﬁ COLUMN W ﬁ] COLUMN ;W ” / ROW
towe i towe ] tow |
twes tweH ' twes || twer ' twes || twen !
twp twp twp
V =
w e s W, T
twer tRwL 4
’I: tonr
tos toH tps toH tos ton
oI z:t‘ 77 W VALID DATA VALID DATA m VALID DATA W
Doyt 33’;: OPEN

v .
m DON'T CARE
m UNDEFINED
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Vi =
Vie -

RAS ONLY REFRESH CYCLE
(ADDR = A, - A; Agand WE = DON'T CARE.)

tre

terp

tRAS

L trp

J}—M‘_

o YT

ViH ,/
ADDR
Vit

Vou -
DouT Vg =

tasr tRAH
ROW ﬁ ROW
OPEN
AS-BEFOR_E_BAS REFRESH CYCLE
(A, - A, WE, = DON'T CARE.)
trAS t

Vie - X
tesr teHr
s T\ /S
Vo -
Dout vgf- OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)
(READ) (REFRESH)
tRAS trp trAS .
RSy f[ 1& J/
terp tReD | tRSH teHr |
Vi - LF*‘_*‘“”“'”
S vy - .
AR
tRAD tRAL
tasr_||_tRAH tasc || tcan
ADOR UH T £ Row 1 coluMN ]
ViL A
taa
traC
teac —~ p—torr
tez
Dout ng: OPEN VALID DATA b— oPEN —

V//‘ DON'T CARE
m UNDEFINED
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MICRON MT8C8024

ORDER INFORMATION

1 MEG x 8, 120ns access, Fast Page Mode Access, CMOS silicon gate process. They are functionally equiva-
Leaded SIP lent to other manufacture's products meeting JEDEC stan-
dards. Several parameters are sampled; however, fuction-
PRODUCT # | |PACKAGE || SPEED ality is consistently assured over a wider power supply,
temperature and refresh range than specified. Each unit
1 | _|:| receives accelerated burn-in and several hours of AM-
] 1 BYX™ system level testing prior to final test and shipment.
MT8C8024MN -12 Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
The Micron 1 MEG DRAM module family is manufac- tative and distributors nearest you. Micron’s QUALITY
tured and quality controlled in Micron’s modern Boise, ASSURED policy is to offer prompt, accurate and courte-

Idaho USA facility using its low power, high performance ous service while assuring reliability and quality.

S3TNAOW WVHA l
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MICRON

MT8C8025

DRAM
MODULES

1MEG x 8 DRAM

NIBBLE MODE

FEATURES

e Industry standard pin-out in a 30-pin single-in-line
package.

e High performance CMOS silicon gate process.

e Single 5V+10% power supply.

e All inputs, outputs and clocks are fully TTL and

CMOS compatible.

¢ Low power, 45mW standby, 1575mW active, typical.

® On-board power supply decoupling capacitors
(0.2uf) for low noise.

® Refresh modes: RAS only, CAS before RAS, and
Hidden.

® 512 cycle refresh distributed across 8ms.

¢ Optional Nibble access mode.

OPTIONS MARKING
¢ Timing
100ns access -10
120ns access -12
150ns access -15
® Access Mode Option
Nibble Mode MT8C8025
* Packages: Leaded 30-pin SIP MN

Leadless 30-pin SIMM M

AO-A9 Address Inputs TAS, CAS9| Column Address Strobe
DQ1 - DQ8 | Data-In/Data-Out | D9 Data-In

PRD Presence Detect Q9 Data-Out

RAS Row Address Strobgd W Write Enable

Voo Power (+5V) Vss Ground
GENERAL DESCRIPTION

The MT8C8025 M/MN is a randomly accessed solid-
state memory containing 1,048,576 bits organized in a x1
configuration. During READ or WRITE cycles each bit is
uniquely addressed through the 20 address bits which are
entered 10 bits (A0-A9) at a time. RAS is used to latch the
first 10 bits and CAS the latter 10 bits. A READ or WRITE
cycle is selected with the WE input. A logic high on WE
dictates READ mode while a logic low on WE dictates

S3TNAOW WVHA l

PIN ASSIGNMENT (Top View)
Voo ' :E
oo ; e
A0 i I
0 °B
a2 B
A3 oy I
= = B
A4 0Q3 0
ot o0 M |
oas o om.
s o B O
DQS ° oas 6 @
A8 N wmr
a0 ol Ny
NC a g [33]
oo = S+
vW z Vs [l 2 g
i =t
PRD oce | 2
Qs oo i 2
Q9 s
o MG Vol MJ
Voo

WRITE mode. During a WRITE cycle data in (DiN) is
latched by the falling edge of WE or CAS, whichever occurs
last. If WE goes low prior to CAS going low, the output
pin(s) remain open (High Z) until the next CAS cycle. f WE
goes low after data reaches the output pin(s), Dour is
activated and retains the selected cell data as long as CAS
remains low (regardless of WE or RAS). This late WE pulse
results in a READ-WRITE cycle.

Returning RAS and CAS high terminates a memory
cycle and decreases chip current to a reduced standby
level. Also, the chip is preconditioned for the next cycle
during the RAS high time. Memory cell data is retained in
its correct state by maintaining power and executing any -
RAS cycle (READ, WRITE, RAS only, CAS-before-RAS, or
Hidden refresh) so that all 512 combinations of RAS ad-
dresses (A0-AS8) are executed at least every 8ms, regardless
of sequence.

Nibble Mode operation allows faster sequential serial
data operations (READ, WRITE or READ-MODIFY-
WRITE) on up to 4 bits. The first of 4 bits is accessed in the
usual manner with CAS address A9 (nibble MSB) and RAS
address A9 (nibble LSB) selecting on of 4 bits within a
nibble for initial access. By holding RAS low, CAS can be
toggled incrementing the nibble address field in modulo 4
fashion with wrap around (see below).

0,0 0,1 1,0
CA, RAG I——> (0,0 0.1) (1,0)

(1.1) _l
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MICRON MT8C8025

FUNCTIONAL BLOCK DIAGRAM

10

(27)

i (2)
o adamen)
o/
a2 m #’f—J AO-AZ 41041 ao-rg
ot L5 U, o= u,
g (o oQ1 ) : Q D5 (18) : Q
AS 12) Voo Vss Voo Vss
A (14)
A7 (18)
it Bamba e
A9 ws U, s Ug
DQ2 ©) 1 : Q ] 0Qs @29 [ : Qq
$1%4 1 a0-a9 $1% a0-ns
-7 b rAs
ws Uy s U,
0Q3 (10) ~[ : Q’:I be? (23) : Q
U; - Ug = MT4C1025DJ " "
C1 _ Ca = 02 l‘f +Q{§" \—/—:;;n
s U, s Uy
DO4 (13) 'IZ Q DbQs (25) : Q
Vop  Vss ’_I Vop  Vss L'
Vop —1:30)
_C| __CD
R ees R
v, (9,22)
PR — (28
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE TF tR tC NOTES
Standby H H H GND/NC X X High Impedance
READ L L H GND/NC | ROW COL Data Out
WRITE L L L GND/NC | ROW COL |Dataln
(EARLY-WRITE)
NIBBLE MODE L H—L—H H GND/NC | ROW COL Valid Data Out,
READ Valid Data Out
NIBBLE MODE L H—-L—H L GND/NC | ROW COL Valid Data In,
WRITE Valid Data In
RAS ONLY L H H GND/NC | ROW n/a High Impedance
REFRESH
HIDDEN L—H—-L L H GND/NC | ROW COL | Valid Data Out
REFRESH
CAS-BEFORE- H—L L H GND/NC X X High Impedance
RAS REFRESH
TEST L L H H ROW CcOL Data Out,
FUNCTION Test Funtion Mode




MICRON o MT8C8025

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss........-1.0V to +7.0V
Operating Temperature, TA(Ambient) .......... 0°C to +70°C
Storage Temperature (Plastic) ............. -55°C to +150°C
Power Dissipation ......................
Short Circuit Output Current ... 50mA

DC ELECTRICAL CHARACTERISTICS
(Notes : 1,3,4,6,7) (0°C < T, <70°C = 5.0V + 10%)

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.

(RAS and CAS = Cycling)

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
OPERATING CURRENT lcct 400 mA 3,4
(RAS and CAS = Cycling: trRc = tRc(MIN))

OPERATING CURRENT: NIBBLE MODE lcca 400 mA 3,4
(RAS = Vi, CAS = Cycling: trc = tPc(MIN))

STANDBY CURRENT: TTL INPUT LEVELS lces 16 mA

Power supply standby current (RAS = CAS = Vin

after 8 RAS cycles min.)

STANDBY CURRENT: CMOS INPUT LEVELS lcca 8 mA

Power supply standby current (RAS = CAS = Vcc -0.2V

after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2V)

REFRESH CURRENT: RAS ONLY Iccs 280 mA 3
(RAS = Cycling: CAS = ViH)

REFRESH CURRENT: CAS-before-RAS Icce 280 mA 3,5

INPUT LEAKAGE CURRENT
(any input (OV < VIn < Vcc),
all other pins not under test = 0 volts)

OUTPUT LEAKAGE CURRENT

(Dour is disabled, 0V < Vourt < Vcc) loz -80 80 pA
OUTPUT LEVELS

Output High voltage (lout = -5mA) Vo 2.4 \ 1
Output Low voltage (lout = 5mA) VoL 0.4 \

RECOMMENDED DC OPERATING CONDITIONS

(0°C < T, <70°C)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 45 5.5 ] 1
Input High (Logic 1) Voltage, All Inputs ViH 2.4 | Vcec+l \ 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \ 1
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MICRON MT8C8025
CAPACITANCE

PARAMETER SYMBOL | MIN MAX | UNITS | NOTES

Input Capacitance (Ao-Ag) Cn 40 pF 2

Input Capacitance RAS, CAS, WE Ci 56 pF 2

Output Capacitance Dour, Din Co 12 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7,8,9,10, 11, 12, 13) (0°C < T, < +70°C, Vce = 5.0V + 10%)

A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time 'Rc 190 220 260 ns

Access time from RAS 'RAC 100 120 150 ns 14
Access time from CAS 'cac 25 30 45 ns 15
Access time from column address 'An 50 60 70 ns

Access time from CAS precharge ‘cpA 50 65 75 ns

RAS pulse width 'RAS 100 10,000 120 10,000 150 10,000 ns

RAS hold time ‘RSH 25 30 45 ns

RAS precharge time 'RP 80 90 100 ns

CAS pulse width ‘cas 25 10,000 30 10,000 45 10,000 ns

TAS hold time 'CsH 100 120 150 ns

CAS precharge time 'cPN 15 20 25 ns 16
RAS to CAS delay time 'RcD 10 75 15 90 15 105 ns 17
CAS to RAS precharge time 'cRP 10 10 10 ns

Row address set-up time 'ASR 0 0 0 ns

Row address hold time 'RAH 10 15 15 ns

RAS to column 'RAD 10 50 15 60 15 70 ns 18
address delay time

Column address set-up time 'asc 0 0 0 ns

Column address hold time fcAH 15 20 25 ns

Column address hold time 'AR 60 70 80 ns
(referenced to RAS)

Column address to RAL 50 60 70 ns

RAS lead time

Read command hold time 'RCH 0 0 0 ns 19
(referenced to CAS)

Read command hold time 'RRH 0 0 0 ns 19
(referenced to RAS)

CAS to output in low-Z oLz 5 5 5 ns

Qutput buffer turn-off delay 'OFF 0 25 0 25 [¢] 30 ns 20
WE command set-up time 'wes 0 0 0 ns

Write command hold time 'WCH 20 25 30 ns

Write command hoid time 'WCR 70 80 90 ns
(referenced to RAS)
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11,12, 13) (0°C < T, < +70°C, Vce = 5.0V + 10%)

A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES

Write command pulse width 'wp 20 25 30 ns -
Write command to RAS lead time ‘RWL 25 30 35 ns

Write command to CAS lead time fowL 25 30 35 ns -
Data-in set-up time 'Ds 0 0 0 ns 21 )
Data-in hold time 'DH 15 20 25 ns 21

Data-in hold time 'DHR 70 80 90 ns >
(referenced to RAS) g
Column address 'AWD 50 60 70 ns

to WE delay time g
Transition time (rise or fall) T 3 50 3 50 3 50 ns 9,10

Refresh Period (512 cycles) 'REF 8 8 8 ms o
RAS to CAS Precharge time 'RPC 0 0 0 ns U
TAS set-up time 'csR 10 10 10 ns 5
(CAS-before-RAS refresh) C
TAS hold time ICHR 20 25 30 ns 5 -~
(CAS-before-RAS refresh) m
RAS pulse width (NIBBLE MODE) 'RASN 100 100,000 120 100,000 150 100,000 ns m
TAS precharge time (NIBBLE MODE) | 'NCP 10 15 20 ns

NIBBLE MODE cycle time 'NC 35 40 45 ns

NIBBLE MODE access time 'NCAC 15 20 25 ns 15

NIBBLE MODE pulse width INCAS 15 20 25 ns

NIBBLE MODE CAS precharge time | 'NCP 10 10 10 ns

NIBBLE MODE RAS hold time INRSH 15 20 25 ns

NIBBLE MODE CAS to WRITE INCWD 15 20 25 ns

delay time

NIBBLE MODE WRITE command INRWL 15 20 25 ns

to RAS lead time

NIBBLE MODE WRITE command | 'NCWL 15 20 25 ns

to CAS lead time
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NOTES

1.
2.

10.

11.
12.

13.

All voltages referenced to Vss.

This parameter is sampled. Capacitance is calculated
from the equation C = JAt with AV = 3V and Vcc =
5V. AV

Icc is dependent on cycle rates.

Icc is dependent on output loading. Specified values
are obtained the output open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

An initial pause of 100us is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 8ms refresh require-
ment is exceeded.

AC characteristics assume 'T = 5ns.

Vin min and Vit max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and ViL (or between ViL
and Vin).

In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vi and
ViL (or between ViL and Vin) in a monotonic manner.
If CAS = Vin, data output is high impedance.

If CAS = Vi, data output may contain data from the
last valid READ cycle.

Measured with a load equivalent to 2 TTL gates and
100pF.

14.

15

17.

18.

19.

20.

21.

22.

Assumes that 'RCD < 'RCD (max). If 'RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

. Assumes that 'RCD > 'RCD (max).
16.

If CAS is low at the falling edge of RAS, Dout will
be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for ‘CPN.

Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference point only; if ‘RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by ‘CAC.

Operation within the 'RAD (max) limit ensures that
'RCD (max) can be met. 'RAD (max) is specified as a
reference tpoint only; if 'RAD is greater than the
specified "RAD (max) limit, then access time is con-
trolled exclusively by 'AA.

Either 'RCH or 'RRH must be satisfied for a READ
cycle.

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Vo ot VoL.

These parameters are referenced to CAS leading
edge in early WRITE cycles.

A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW.
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READ CYCLE

trC
tRAS trp
ms e X
tesH
tRSH tRRH
terp trRCD tcas
w oS N /
AR
tRAD tRAL
tasr tRAH tasc tcan
ADDR z:’c - f ROW Wl COLUMN X7/ X ROW
‘ r_ tres tRCH
Vig =
w W X Wil
taa
tRAC
tcac toFF
tewz
DouT zg[‘: OPEN 4 VALID DATA OPEN
EARLY-WRITE CYCLE
t
‘:is tre
]
t
L ‘cre tRCD tcas
o N S
t
tRAD = tRAL
tasrR tRAH tasc teaH
ADDR x:[‘ - i ROW 4 COLUMN 7 XK ROW
t
r—
twer
twes tweH
twe
w w7 L/////// T
toHR
~ tos 'g:
ow i LTI o osth K[/ T,
Oout xg[': OPEN

DON'T CARE
m UNDEFINED
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NIBBLE MODE READ CYCLE

'RASN
‘AR tRp
—= Vi
RAS [z ! i \
'CsH | INRSH
tCRP [T
'cas INC
Vs \ R
CAS 'z N 7 N i \
'AsR || 'RAH tasc_||_tcaH 'ncP INCAS
B A
ADDR VM oW COLUMN
IL ADDRESS 4 ADDRESS 4
| 'Res 'RCH ‘RCS| l 'RcH “RRH
WE VIH
= Wt N
‘cac 'OFF 'Ncac tOFF
'RAC
Doyr yOH= OPEN VALID ¥ VALD [/ VALD \
oL— DATA 4 DATA \__DATA /
‘oE ‘oo 'oE ‘oo
= Vo 2
& Yo \ 7 _f  / -

DON'T CARE
m UNDEFINED

2-1

10



MICRON MT8C8025

NIBBLE MODE WRITE CYCLE

(Early Write)
i § » zlf__l\
I«_CE 'RCD s 'NRSH

RS WI___/f N A, Ner N ]

oo WA sS5ess UIK_ s X

= D, Wy, I,

V I ” towL [

O V:PZW!( ‘DSVAUL!)!DAU:DH m;( 'DSVALID!I;ATA‘DH VALID DATA
DON'T CARE
m UNDEFINED
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ADDR

Oout

ADDR

Dout

Vig =
ViL -

terp

RAS ONLY REFRESH CYCLE
(ADDR = A - Ag; Agand WE = DON'T CARE.)

tre

tRAS

trp

e

ViH =
ViL - /

T ¥ 1
CAS-BEFORE-RAS REFRESH CYCLE
(A, - A, WE, = DON'T CARE.)

Vi =
Vie - X
tesr
1

teHr

W /
58[‘2 OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)
(READ) (REFRESH)
tRAS trp tRAS
M ;S
r tere tReo  tRSH teHr
S X
AR
tRAD tRAL
tasr_[| tRAH tasc || tcan
W o YR o 3] Y
'::c
tcac -~ —torr
tez
://grc - OPEN ————————— J0XXX) VALID DATA b— OPEN —

DON'T CARE
m UNDEFINED




MICRON

MT8C8025

ORDER INFORMATION

1 MEG x 8, 120ns access, Nibble Mode Access, Leaded
SIP

PRODUCT # | | PACKAGE

I I
—1

MT8C8025MN -12

The Micron T MEG DRAM module family is manufac-
tured and quality controlled in Micron’s modern Boise,
Idaho USA facility using its low power, high performance

SPEED

CMOS silicon gate process. They are functionally equiva-
lent to other manufacture's products meeting JEDEC stan-
dards. Several parameters are sampled; however, fuction-
ality is consistently assured over a wider power supply,
temperature and refresh range than specified. Each unit
receives accelerated burn-in and several hours of AM-
BYX™ system level testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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MICRON

MT8C8026

DRAM
MODULES

1MEG x 8 DRAM

STATIC COLUMN

FEATURES

¢ Industry standard pin-out in a 30-pin single-in-line
package.

High performance CMOS silicon gate process.

Single 5V+10% power supply.

All inputs, outputs and clocks are fully TTL and

CMOS compatible.

Low power, 45mW standby, 1575mW active, typical.

On-board power supply decoupling capacitors
(0.2pf) for low noise.

Refresh modes: RAS only, CAS before RAS, and
Hidden.

512 cycle refresh distributed across 8ms.

Optional Static Column access mode.

OPTIONS MARKING
* Timing
100ns access -10
120ns access -12
150ns access -15
* Access Mode Option
Static Column MT8C8026
* Packages: Leaded 30-pin SIP MN

Leadless 30-pin SIMM M

A0-A9 Address Inputs CAS, TAS9| Column Address Strobe
DQ1 - DQ8 | Data-In/Data-Out D9 Data-In

PRD Presence Detect Q9 Data-Out

RAS Row Address Strobe] W Write Enable

V/op Power (+5V) Vss Ground
GENERAL DESCRIPTION

The MT8C8026 M/MN is a randomly accessed solid-
state memory containing 1,048,576 bits organized in a x1
configuration. During READ or WRITE cycles each bit is
uniquely addressed through the 20 address bits which are
entered 10 bits (A0-A9) at a time. RAS is used to latch the
first 10 bits and CAS the latter 10 bits. A READ or WRITE
cycle is selected with the WE input. A logic high on WE
dictates READ mode while a logic low on WE dictates
WRITE mode. During a WRITE cycle-data in (DiN) is
latched by the falling edge of WE or CAS, whichever occurs

PIN ASSIGNMENT (Top View)

(]

NIN9208I8LIN
IN9Z0808LIN

99808887 485228228228 72282288¢

<
8

<
»

MJ

last. If WE goes low prior to CAS going low, the output
pin(s) remain open (High Z) until the next CAS cycle. f WE
goes low after data reaches the output pin(s), Dour is
activated and retains the selected cell data as long as CAS
remains low (regardless of WE or RAS). This late WE pulse
results in a READ-WRITE cycle.

Returning RAS and CAS high terminates a memory
cycle and decreases chip current to a reduced standby
level. Also, the chip is preconditioned for the next cycle
during the RAS high time. Memory cell data is retained in
its correct state by maintaining power and executing any
RAS cycle (READ, WRITE, RAS only, CAS-before-RAS, or
Hidden refresh) so that all 512 combinations of RAS ad-
dresses (A0-A8) are executed at least every 8ms, regardless
of sequence.

STATIC COLUMN operations allows faster data
operations (READ, WRITE or READ-MODIFY-WRITE)
within a row address (A0 -A9) defined page boundary. The
STATIC COLUMN cycle is always initiated with a row
address strobed in by RAS followed by a column address
strobed in by CAS. By holding RAS low, the column
address may be toggled strobing in different column ad-
dresses executing faster memory cycles. Returning RAS
high terminates the STATIC COLUMN operation.
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MICRON MT8C8026

FUNCTIONAL BLOCK DIAGRAM

10

B==

———— A5 Ug

==

Ui - Us = MT4C1026DJ b [
C1 - Cg = 02 [.lf — s Uy
FUNCTIONAL TRUTH TABLE
Addresses

Function RAS CAS WE TF tR tC NOTES
Standby H H H GND/NC X X High Impedance
READ L L H GND/NC | ROW COL | Data Out
WRITE L L L GND/NC | ROW COL |Dataln
(EARLY-WRITE)
STATIC COLUMN L L H GND/NC | ROW COL | Valid Data Out,
READ COL | Valid Data Out
STATIC COLUMN L L L GND/NC | ROW COL | Valid Data In,
WRITE COL | Valid Data Out
RAS ONLY L H H GND/NC | ROW n/a High Impedance
REFRESH
HIDDEN L—=H—L L H GND/NC | ROW COL | Valid Data Out
REFRESH
CAS-BEFORE- H-L L H GND/NC X X High Impedance
RAS REFRESH
TEST L L H H ROW | COL |Data Out,
FUNCTION Test Funtion Mode
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss ......-1.0V to +7.0V
Operating Temperature, Ta(Ambient) 0°C to +70°C
Storage Temperature (Plastic) .............. .-55°C to +150°C

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at these or any other conditions above those

Power DiSSIPation ...........cccccccoevroreeoereoooeeeeereesoee 8 Watt indicated in the operational sections of this specification is
Short Circuit Output CUITENt ....v.oerveverrerserrieennrens 50mA not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.
DC ELECTRICAL CHARACTERISTICS
(Notes : 1, 3,4, 6,7) (0°C < TA <70°C = 5.0V + 10%)
PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
OPERATING CURRENT lcct 400 mA 3,4
(RAS and CAS = Cycling: tRc = tRC(MIN))
OPERATING CURRENT: STATIC COLUMN lcc2 400 mA 3,4
(RAS = Vi, CAS = Cycling: trc = tPc(MIN))
STANDBY CURRENT: TTL INPUT LEVELS lces 16 mA
Power supply standby current (RAS = CAS = ViH
after 8 RAS cycles min.)
STANDBY CURRENT: CMOS INPUT LEVELS Icca 8 mA
Power supply standby current (RAS = CAS = Vcc -0.2V
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2V)
REFRESH CURRENT: RAS ONLY lces 280 mA 3
(RAS = Cycling: CAS = ViH)
REFRESH CURRENT: CAS-before-RAS Icce 200 mA 3,5
(RAS and CAS = Cycling)
INPUT LEAKAGE CURRENT
(any input (OV < VIN < Vcc), I -80 80 A
all other pins not under test = 0 volts)
OUTPUT LEAKAGE CURRENT
(Dour is disabled, OV < Vout < Vce) loz -80 80 uA
OUTPUT LEVELS
Output High voltage (lout = -5mA) VoH 2.4 \ 1
Output Low voltage (lout = 5mA) VoL 0.4 \
RECOMMENDED DC OPERATING CONDITIONS
(0°C < TA <70°C)
PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \ 1
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+1 \ 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 \ 1
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MICRON MT8C8026

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-Ag) Ci 40 pF 2
Input Capacitance RAS, CAS, WE Ci2 56 pF 2
Output Capacitance DouT, Din Co 12 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, <+70°C, Vcc = 5.0V + 10%)

A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time 'RC 190 220 260 ns

Access time from RAS 'RAC 100 120 150 ns 14
Access time from CAS 'caC 25 30 45 ns 15
Access time from column address tAA 50 60 70 ns

Access time from CAS precharge 'cPA 50 65 75 ns

RAS pulse width 'RAS 100 10,000 120 10,000 150 10,000 ns

RAS hold time 'RSH 25 30 45 ns

RAS precharge time 'RP 80 90 100 ns

‘CAS pulse width ‘cas 25 10,000 30 10,000 45 10,000 ns

TAS hold time tcsH 100 120 150 ns

‘CAS precharge time 'CPN 15 20 25 ns 16
RAS to CAS delay time 'RcD 10 75 15 90 15 105 ns 17
‘CAS to RAS precharge time 'CRP 10 10 10 ns

Row address set-up time 'ASR 0 0 0 ns

Row address hold time 'RAH 10 15 15 ns

RAS to column 'RAD 10 50 15 60 15 70 ns 18
address delay time

Column address set-up time 'ASC 0 0 0 ns

Column address hold time 'CAH 15 20 25 ns

Column address hold time ‘AR 60 70 80 ns
(referenced to RAS)

Column address to 'RAL 50 60 70 ns

RAS lead time

Read command hold time ‘RCH 0 0 0 ns 19
(referenced to CAS)

Read command hold time 'RRH 0 0 0 ns 19
(referenced to RAS)

CAS to output in low-Z ‘cLz 5 5 5 ns

Qutput buffer turn-off delay 'OFF 0 25 0 25 0 30 ns 20
WE command set-up time ‘wes 0 0 0 ns

Write command hold time 'WeH 20 25 30 ns

Write command hold time 'WCR 70 80 90 ns
(referenced to RAS)
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C, Vce = 5.0V £ 10%)

A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Write command pulse width 'wp 20 25 30 ns

Write command to RAS lead time 'RwL 25 30 35 ns

Write command to CAS lead time fowL 25 30 35 ns

Data-in set-up time ps 0 0 0 ns 21
Data-in hold time 'DH 15 20 25 ns 21
Data-in hold time 'DHR 70 80 90 ns
(referenced to RAS)

Column address AWD 50 60 70 ns

to WE delay time

Transition time (rise or fall) T 3 50 3 50 3 50 ns 9 10
Refresh Period (512 cycles) 'REF 8 8 8 ms

RAS to CAS Precharge time 'RPC 0 0 0 ns

TAS set-up time 'CSR 10 10 10 ns 5
(CAS-before-RAS refresh)

TAS hold time 'CHR 20 25 30 ns 5
(CAS-before-RAS refresh)

RAS pulse width (STATIC COLUMN) 'RASC 100 100,000 120 100,000 150 100,000 ns

CAS precharge time (STATIC COLUMN)| _'CP 10 15 20 ns

STATIC COLUMN MODE 'sc 55 65 75 ns

cycle time

Last Write to column address L WAD 25 45 30 55 45 70 ns

delay time

Last Write to column address 'AHLW 95 115 135 ns

hold time

RAS hold time referenced to OE 'ROH 20 20 20 ns

Output data hold time from 'AOH 5 — 5 — 5 — ns

column address

Output data enable from Write low — 25 — 25 — 25 ns
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MT8C8026

NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Capacitance is calculated
from the equation C = IAt with AV =3V and Vcc =
5V. AV

3. Iccis dependent on cycle rates.

4. Iccis dependent on output loading. Specified values
are obtained the output open.

5. Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. Aninitial pause of 100us is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 8ms refresh require-
ment is exceeded.

8. AC characteristics assume ‘T = 5ns.

9. Vin min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and ViL (or between ViL
and ViH).

10. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vi and
ViL (or between ViL and Vin) in a monotonic manner.

11. If CAS = ViH, data output is high impedance.

12. If CAS = Vi, data output may contain data from the
last valid READ cycle.

13. Measured with a load equivalent to 2 TTL gates and

100pF.

14.

15.
16.

17.

18.

19.

20.

21.

22.

Assumes that 'RCD < 'RCD (max). If '‘RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

Assumes that 'RCD > 'RCD (max).

If CAS is low at the falling edge of RAS, Dout will
be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for 'CPN.

Operation within the 'RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference Foint only; if 'RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by ‘CAC.

Operation within the ‘RAD (max) limit ensures that
'RCD (max) can be met. 'RAD (max) is specified as a
reference point only; if 'RAD is greater than the
specified 'RAD (max) limit, then access time is con-
trolled exclusively by 'AA.

Either ‘RCH or ‘RRH must be satisfied for a READ
cycle.

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Vou ot VoL.

These parameters are referenced to CAS leading
edge in early WRITE cycles.

A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW.
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READ CYCLE

trRe
tRAS trP
ms oM —
tesH
t t
tcre trcD ‘Ziz =
T t /
AR
t t
tAsr ‘z:z tasc 'z::
ADDR z:[‘ K ROW m{ COLUMN iW/ @( ROW
tres tRCH
| o —
w ¥ T 7 Y

taa
trRaC

tcac toFF

[ taz
0 VoH - OPEN VALID DATA OPEN
oUT Vg -

EARLY-WRITE CYCLE

tre
tRAS trP
w o F—
t
L tcrp trRcD tcas
S
t
tRAD * tRAL
tASR tRAH tasc tcan
ADDR x:[‘ :mh ROW { COLUMN ‘ W / // // @( ROW
c
‘R& 'J
twer
twes tweH
twe
L //L/ T, : /. T,
OHR
o tos ton
ow e I JH%_ vao oaa Y I
Dout ‘68[‘: OPEN

DON'T CARE
m UNDEFINED
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STATIC COLUMN READ CYCLE

{RASC tRp
— VY )
RAS iz N / \
tASR | !RAH | 'sc | sc tRAL 'AH
~— | | =
ADDR YH ow COLUMN Y COLUMN COLUMN
Vi ADDRESS ADDRESS __#X ADDRESS ADDRESS
tRAD tasc tcRP {
AR tep {RSH
t e e
— Vo R csc tcsc
CAs iz 'RCS | N—" | tRRH
taco | | A tRes (1T °
I J tcsH ~ RCS RCH
1 0
= ViH-7) Y
We VIL—/MZZZ%%” l'CAc l tAA W tAA @%m
2
) toF7 tcAC LOFF
t t
RAC AOH
D Von- VALID VALID VALID
OUT v~ ; @l DATA DATA 1 DATA
cz
- ~| |<tcz

% .
DON'T CARE
m UNDEFINED
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STATIC COLUMN EARLY-WRITE CYCLE

1RASC tRP
—_—
FAS  VIH- 3
RAS v R N
- K
'asR, 'RAH 1 ICAH tRAL
1 | I
ADDR  yH oW, COLUMN ) A es AODRESS I
Vit ADDRESS ADDRESS ADDRESS ADDRESS /3
tAWR ‘cp tRSH
tWH
'RAD | 'AsC -I — tcRP
tcs |
Vo p =
CAS Vi - tRCD N N_/
'sc__, towl
| tws ‘—|'
wi T T R)
_d F._‘ws M W
== Viy— twp -
WE gz /’Z;;?) /
1DHR T \
i OH
s '
Dy VALID VALID VALID
IL—, DATA DATA DATA
D VoH-
OUT V' OPEN

DON'T CARE
@ UNDEFINED
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RAS ONLY REFRESH CYCLE
(ADDR = Ao - A8; A9 and WE = DON'T CARE.)
tre
tRAS L trp
S \ J?L S

ADDR

Dout

tere

ViH =
Vii — _/

tasr

tRAH

ViH
ViL

iy

ROW

KU

ROW

VOoH —

VoL -

MG
Vie -

Viy =
ViL -

. ~ — R

tesr

OPEN

CAS-BEFORE-RAS REFRESH CYCLE
(A, - A, WE, = DON'T CARE.)

tRAS

! ‘RP |

—

VoH -
VoL —

OPEN

HIDDEN REFRESH CYCLE

(READ) (REFRESH)
trAS tRP trAS
AS v - k_ 1
terp treD | tRsH teHR
s VK -
V”_ -
taR
trRAD tRAL
tasr_||_tRAH tasc || tcan
ViH ~ZZZZZ2X LRXXXX —
ADDR viL - L ROW X000 COLUMN / / ////
taa
trac
teac
[ torF
tez
Vou -
Oout vgf_ OPEN % VALID DATA b— oPEN —

DON'T CARE
m UNDEFINED
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MT8C8026

ORDER INFORMATION

1 MEG x 8, 120ns access, Static Column Access, Leaded
SIP

PRODUCT # | | PACKAGE || SPEED

[ L

— 1 1
MT8C8026MN -12

The Micron 1 MEG DRAM module family is manufac-
tured and quality controlled in Micron’s modern Boise,
Idaho USA facility using its low power, high performance

CMOS silicon gate process. They are functionally equiva-
lent to other manufacture's products meeting JEDEC stan-
dards. Several parameters are sampled; however, fuction-
ality is consistently assured over a wider power supply,
temperature and refresh range than specified. Each unit
receives accelerated burn-in and several hours of AM-
BYX™ system level testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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MICRON

MT8C9024

DRAM
MODULES

1MEG x 9 DRAM

FAST PAGE MODE

FEATURES

¢ Industry standard pin-out in a 30-pin single-in-line
package.

¢ High performance CMOS silicon gate process.

* Single 5V+10% power supply.

¢ All inputs, outputs and clocks are fully TTL and

CMOS compatible.

* Low power, 45mW standby, 1575mW active, typical.

¢ On-board power supply decoupling capacitors
(0.2uf) for low noise.

* Refresh modes: RAS only, CAS before RAS, and
Hidden.

® 512 cycle refresh distributed across 8ms.

* Optional Fast Page Mode.

OPTIONS MARKING
¢ Timing
100ns access -10
120ns access -12
150ns access -15
* Organization
1MEGx9 MT8C9024

® Packages: Leadless 30-pin SIMM M

Leadless 30-pim SIP MN
A0-A9 Address Inputs TAS, CAS9| Column Address Strobe
DQ1 - DQ8 | Data-in/Data-Out D9 Data-In
PRD Presence Detect Q9 Data-Out
RAS Row Address Strobg W Write Enable
Voo Power (+5V) Vss Ground
GENERAL DESCRIPTION

The MT8C9024M/MN is a randomly accessed solid-
state memory containing 1,048,576 bits organized in a x8
configuration. During READ or WRITE cycles each bit is
uniquely addressed through the 20 address bits which are
entered 10 bits (A0-A9) at a time. RAS is used to latch the
first 10 bits and CAS the latter 10 bits. A READ or WRITE
cycle is selected with the WE input. A logic high on WE
dictates READ mode while a logic low on WE dictates
WRITE mode. During a WRITE cycle data in (Din) is
latched by the falling edge of WE or CAS, whichever occurs

PIN ASSIGNMENT (Top View)
Voo (1)
CAS (2 Voo
[ole TRES s
A0 @) oo
Al () :“’
bQ2  (§) o
2@ -
vAs (®) -
ss (9 ves
Da3 (10 = oo =
A4 (1) - M
A5 (12) P 2 -
DQ4  (13) 0a¢ =]
A5 (14) (9] % o)
A7 (15) (1<) AT Y
D5 (16) o °‘2§
A8 (17) o I~ [=}
A9 (18) o s N
NC  (19) 006 S
DQ6  (20) = w =
W @) = Vs
Vss  (22) oa7
DQ7 (29 i
PRD  (24) oce
DQ8  (25) i
@) o
A
F @ MG o MJ
VoD (30)

last. If WE goes low prior to CAS going low, the output
pin(s) remain open (High Z) until the next CAS cycle. If
'WE goes low after data reaches the output pin(s), Dour is
activated and retains the selected cell data as long as CAS
remains low (regardless of WE or RAS). This late WE pulse
results in a READ-WRITE cycle.

Returning RAS and CAS high terminates a memory
cycle and decreases chip current to a reduced standby
level. Also, the chip is preconditioned for the next cycle
during the RAS high time. Memory cell data is retained in
its correct state by maintaining power and executing any
RAS cycle (READ, WRITE, RAS only, CAS-before-RAS, or
Hidden refresh) so that all 512 combinations of RAS ad-
dresses (AQ-A8) are executed at least every 8ms, regardless
of sequence.

PAGE MODE operations allows faster data operations
(READ, WRITE or READ-MODIFY-WRITE) within a row
address (A0-A9) defined page boundary. The PAGEMODE
cycle is always initiated with a row address strobed in by
RAS followed by a column address strobed in by CAS. By
holding RAS low, CAS may be toggled strobing in differ-
ent column addresses executing faster memory cycles.
Returning RAS high terminatesthe PAGEMODE operation.
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MICRON MT8C9024

FUNCTIONAL BLOCK DIAGRAM

10

AT (27).
s (2)
x0 (4) w (21).
A ()
= = I =
2 o1 — s e oas 09
a5 (12) Vpp  Vss. Voo Vss
PO}
A7 (15)
) 19 ho-s0 49 so-no
xo 09 Tt U, it U,
oar —© I ; j 005 20 [ . Qh
19, | ao-s u,_rog
»—-—?5 U, ”_;és U,
0a3 (o) o Q a7 @) o Q
Ui = Us = MT4C1024DJ N A
Ci — Cy = 0.2 4f — asa
- v _I " L
b, d sons
s o 20 ::ss Uy
00 20 P e,
Vop 1300
LG, L%
ves —(222)
Prs 29|
FUNCTIONAL TRUTH TABLE
Addresses
Function RAS CAS WE NOTES
tR tC
Standby H H H X X High Impedance
READ L L H ROW | COL | Data Out
WRITE L L L ROW | COL | Data In
(EARLY-WRITE)
PAGE-MODE L H—L—H, H ROW | COL | Valid Data Out,
READ H—-L—H Valid Data Out
PAGE-MODE L H—L—H, L ROW | COL | Valid Data In,
WRITE H—L—H Valid Data In
RAS ONLY L H H ROW [ n/a High Impedance
REFRESH
HIDDEN L—=H-L L H ROW | COL | Valid Data Out
REFRESH
CAS-BEFORE- H-L L H X X High Impedance
RAS REFRESH
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MICRON MT8C9024

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C, Vcc = 5.0V £ 10%)

A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES

Write command hold time 'WCR 70 80 90 ns

(referenced to RAS) -
Write command pulse width ‘wp 20 25 30 ns U
Write command to RAS lead time 'RWL 25 30 35 ns

Write command to CAS lead time fowL 25 30 35 ns m
Data-in set-up time ps 0 0 0 ns 22 >
Data-in hold time DH 15 20 25 ns 22 g
Data-in hold time 'DHR 70 80 90 ns

(referenced to RAS)

RAS to WE delay time 'RWD 90 110 135 ns 21 g
Column address AWD 50 60 70 ns 21 O
to WE delay time

TAS to WE delay time ‘cwb 35 40 45 ns 21 O
Transition time (rise or fall) 7 3 50 3 50 3 50 ns 9,10 C
Refresh Period (512 cycles) 'REF 8 8 8 ms -
RAS to CAS Precharge time ‘RPC 0 0 0 ns m
TAS set-up time Icsr 10 10 10 ns 5
(CAS-before-RAS refresh) m
TAS hold time ICHR 20 25 30 ns 5
(CAS-before-RAS refresh) )
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MT8C9024

NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Capacitance is calculated
from the equation C = IAt with AV = 3V and Vcc =
5V. AV

3. Iccis dependent on cycle rates.

4. Iccis dependent on output loading. Specified values
are obtained the output open.

5. Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. An initial pause of 100ys is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 8ms refresh require-
ment is exceeded.

8. AC characteristics assume T = 5ns.

9. ViH min and ViL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and Vi (or between ViL
and Vin).

10. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vin and
ViL (or between ViL and Vin) in a monotonic manner.

11. If CAS = Vin, data output is high impedance.

12.1f CAS = Vi1, data output may contain data from the
last valid READ cycle.

13. Measured with a load equivalent to 2 TTL gates and
100pF.

14. Assumes that 'RCD < 'RCD (max). If *RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
'RCD exceeds the value shown.

15. Assumes that ‘RCD > ‘RCD (max).

16. If CAS is low at the falling edge of RAS, Dout will

17.

18.

19.

20.

21.

22.

23.

be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for ‘CPN.

Operation within the ‘RCD (max) limit ensures that
'RAC (max) can be met. 'RCD (max) is specified as a
reference Point only; if '‘RCD is greater than the
specified 'RCD (max) limit, then access time is con-
trolled exclusively by '‘CAC.

Operation within the 'RAD (max) limit ensures that
'RCD (max) can be met. 'RAD (max) is specified as a
reference Epoint only; if ‘RAD s greater than the
specified 'RAD (max) limit, then access time is con-
trolled exclusively by AA.

Either 'RCH or 'RRH must be satisfied for a READ
cycle.

'OFF (max) defines the time at which the output
achieves the open circuit condition and is not
referenced to Vou ot VoL.

'WCS, 'RWD, ‘AWD and ‘CWD are restrictive
operatingxs‘i/rlameters in late WRITE, READ-WRITE

and READ\MODIFY-WRITE cycles only. If ‘WCS >
'WCS (min) the cycle is an early WRITE cycle and the
data output will remain an open circuit throughout
the entire cycle. If RWD > 'RWD (min), '"AWD >
FAWD (min) and 'CWD 2 'CWD (min) the cycle is a
READ-WRITE and the data output will contain data
read from the selected cell. If neither of the above
conditions are met the state of data out (at access
time and until CAS goes back to Vin) is indetermi-
nate.

These parameters are referenced to CAS leading
edge in early WRITE cycles and WE leading edge in
late WRITE or READ-WRITE cycles.

A HIDDEN REFRESH may also be performed after
a WRITE cycle. In this case WE = LOW.
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss ... -1.0V to +7.0V
Operating Temperature, TaA(Ambient) .......... 0°C to +70°C
Storage Temperature (Plastic) ............ -55°C to +150°C
Power Dissipation .........c..ccccceuene.
Short Circuit Output Current ..o 50mA

DC ELECTRICAL CHARACTERISTICS
(Notes : 1,3,4,6,7) (0°C < T, <70°C = 5.0V  10%)

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
OPERATING CURRENT Icct 450 mA 3,4
(RAS and CAS = Cycling: trc = tRc(MIN))
OPERATING CURRENT: FAST PAGE MODE lecz 450 mA 3,4
(RAS = Vi, CAS = Cycling: tPc = tPc(MIN))
STANDBY CURRENT: TTL INPUT LEVELS lccs 18 mA
Power supply standby current (RAS = CAS = Vix
after 8 RAS cycles min.)
STANDBY CURRENT: CMOS INPUT LEVELS lcca 9 mA
Power supply standby current (RAS = CAS = Vcc -0.2V
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2V)
REFRESH CURRENT: RAS ONLY lces 315 mA 3
(RAS = Cycling: CAS = ViH)
REFRESH CURRENT: CAS-before-RAS Icce 315 mA 3,5
(RAS and CAS = Cycling)
INPUT LEAKAGE CURRENT
(any input (OV < VIN < Vco), I -90 90 HA
all other pins not under test = 0 volts)
OUTPUT LEAKAGE CURRENT
(Dour is disabled, 0V < Vout < Vcc) loz -90 90 HA
OUTPUT LEVELS
Output High voltage (lout = -5mA) VoH 2.4 Vv 1
Output Low voltage (lout = 5mA) VoL 0.4 \
RECOMMENDED DC OPERATING CONDITIONS
(0°C < TA <70°C)
PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+1 " 1
Input Low (Logic 0) Voltage, All Inputs ViL -1.0 0.8 Vv 1
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MICRON MT8C9024
CAPACITANCE

PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES

Input Capacitance (Ao-Ag) Cn 45 pF 2

Input Capacitance RAS, CAS, WE Ciz 63 pF 2

Output Capacitance DouT, DiN Co 12 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8, 9, 10, 11, 12,13) (0°C < TA < +70°C, Vcc = 5.0V £ 10%)

A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time 'RC 190 220 260 ns
PAGE-MODE READ or WRITE pc 55 70 85 ns

cycle time

Access time from RAS 'RAC 100 120 150 ns 14
Access time from CAS 'cAC 25 30 45 ns 15
Access time from column address tan 50 60 70 ns

Access time from CAS precharge 'cpa 50 65 75 ns

RAS pulse width 'RAS 100 10,000 120 10,000 150 10,000 ns

RAS pulse width (PAGE MODE) 'RASP 100 100,000 120 100,000 150 100,000 ns

RAS hold time ‘RSH 25 30 45 ns

RAS precharge time 'RP 80 90 100 ns

CAS pulse width cas 25 10,000 30 10,000 45 10,000 ns

TAS hold time 'csH 100 120 150 ns

CAS precharge time ‘cPN 15 20 25 ns 16
‘CAS precharge time (PAGE MODE) 'cp 10 15 20 ns

RAS to CAS delay time 'RCD 10 75 15 90 15 105 ns 17
‘CAS to RAS precharge time 'CRP 10 10 10 ns

Row address set-up time 'ASR 0 0 0 ns

Row address hold time 'RAH 10 15 15 ns

RAS to column 'RAD 10 50 15 60 15 70 ns 18
address delay time

Column address set-up time ‘Asc 0 0 0 ns

Column address hold time 'CAH 15 20 25 ns

Column address hold time 'AR 60 70 80 ns
(referenced to RAS)

Column address to RAL 50 60 70 ns

RAS lead time

Read command set-up time ‘RS 0 0 0 ns

Read command hold time 'RCH 0 0 0 ns 19
(referenced to CAS)

Read command hold time 'RRH 0 0 0 ns 19
(referenced to RAS)

‘CAS to output in low-Z ‘oLz 5 5 5 ns

Qutput buffer turn-off delay 'OFF 0 25 0 25 0 30 ns 20
'WE command set-up time 'wcs 0 0 0 ns 21
Write command hold time 'WCH 20 25 30 ns
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READ CYCLE
tre
trRAS trp
vy, —————
RAS V}[‘ -
tesH
trsH tRRH

tcrp trco tcas
Viy = ‘t Y
s M V4
Vi -~ \’
tRAD tRAL
tASR tRAH tasc tcaH

Vij = i R
ADDR ROW COLUMN 5(2?; /12; / @( ROW
tres tRCH

| -
w Ve T LTI

taa
trRAC

tcac tOFF
terz

0 yor - OPEN VALID DATA ¥ OPEN
OUT Vo - R

EARLY-WRITE CYCLE

trRe

tRaS ,_ trP

- s
Vip - — S —

RAS VM
tesH

tRsH
. ‘cre trRcD tcas

Vie =
S v -

tRAD tRAL
tasr tRAH tasc tcan

ADDR x:r :mL ROW m COLUMN i W / “ / / / //// @( Row
C

‘Rt .,J
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twes twer

twe

w /L 7 JLm G

tonr
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ow W ZTTI wo o KT

v -
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PAGE-MODE READ CYCLE

tRASP tRp

RAS VM

Vi - —

tesH tpc tRSH

tere tred tcas tep tcas tep tcas ten
tAs UM - 3 ’lr\_
A Vi ’__/ \ [ /
tAR

tRAD tRAL
tasr || tRAH tasc tcaH tasc tcaH tasc tean

ViH - r Y 'y
AooR M 7 ROW COLUMN W @3 COLUMN W % COLUMN W @( ROW

t L'—chs '-—‘Rcs i ‘—I [~ tRRH

RCS — r 4‘ treH —] l’l‘j RCH

N /
L

SNy

v T

taa R taa taa
traC " tcpa tcpa
tcac toFF teac toFF teac

—~1 | toFF

terz tewz ~ telz =
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Dout o - OPEN DATA \ DATA L_DATA OPEN

PAGE-MODE EARLY-WRITE CYCLE

tRasP trp
" i tesh tec tRSH
tere treco tcas tep tcas tep tcas teen
ws oS ;J L_
t
tRAD = tRAL
tasr _{|_tRAH . Ltasc tean tasc [|_tcaH tasc || tean
aoor VM T sow { coumn X comn X7/ COLUMN ) ROW
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Oout 33[': OPEN
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@ UNDEFINED
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i

ADDR

Doyt

ADDR

Dout

(ADDR = A, - Aj; Ajand WE = DON'T CARE.)

RAS ONLY REFRESH CYCLE

tre

———— e ]
ViH =

Vi -

tcre

tRAS

L trp

;‘

ViH =
Vi — /

tasrR

tRAH

we X Row KU 7 X Row
zgr E OPEN
CAS-BEFORE-RAS REFRESH CYCLE
(A, - A, WE, OE = DON'T CARE.)
tRAS L trp
—
* tesr - teHR
yH - ‘;
zgr E OPEN
HIDDEN REFRESH CYCLE
(WE = HIGH)
(READ) (REFRESH)
tRAS trP tRAS
ViH - E
Vie -
terp tReo | tRsH tcHR
f N A
tRAD = traL
tasrR_||_tRAH tasc || tcan
:/,:'C K ROW (RERRRRy COLUM:l ‘W /// / /
ig:c
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DON'T CARE
m UNDEFINED
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MT8C9024

ORDER INFORMATION

1 MEG x 9, 120ns access, Fast Page Mode Access,
Leaded SIP

PRODUCT # | | PACKAGE

| L
—1 1

MT8C9024MN -12

The Micron 1 MEG DRAM module family is manufac-
tured and quality controlled in Micron’s modern Boise,
Idaho USA facility using its low power, high performance

SPEED

CMOS silicon gate process. They are functionally equiva-
lent to other manufacture's products meeting JEDEC stan-
dards. Several parameters are sampled; however, fuction-
ality is consistently assured over a wider power supply,
temperature and refresh range than specified. Each unit
receives accelerated burn-in and several hours of AM-
BYX™ system level testing prior to final test and shipment.

Please contact the factory for technical, test and applica-
tion assistance. Micron can also furnish the sales represen-
tative and distributors nearest you. Micron’s QUALITY
ASSURED policy is to offer prompt, accurate and courte-
ous service while assuring reliability and quality.
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MT8C9025

DRAM
MODULES

1IMEG x 9 DRAM

NIBBLE MODE

FEATURES

¢ Industry standard pin-out in a 30-pin single-in-line
package.

High performance CMOS silicon gate process.

Single 5V+10% power supply.

All inputs, outputs and clocks are fully TTL and

CMOS compatible.

Low power, 45mW standby, 1575mW active, typical.

On-board power supply decoupling capacitors
(0.2uf) for low noise.

Refresh modes: RAS only, CAS before RAS, and
Hidden.

® 512 cycle refresh distributed across 8ms.

* Optional Nibble access mode.

OPTIONS MARKING
¢ Timing
100ns access -10
120ns access -12
150ns access -15
® Access Mode Option
Nibble Mode MT8C9025

* Packages: Leaded 30-pin SIP MN
Leadless 30-pin SIMM N
A0-A9 Address Inputs CAS, CAS9| Column Address Strobe
DQ1 - DQ8 | Data-In/Data-Out D9 Data-In
PRD Presence Detect Q9 Data-Out
RAS Row Address Strobe] W Write Enable
Vo Power (+5V) Vss Ground
GENERAL DESCRIPTION

The MT8C9025 is a randomly accessed solid-state
memory containing 1,048,576 bits organized in a x1 con-
figuration. During READ or WRITE cycles each bit is
uniquely addressed through the 20 address bits which are
entered 10 bits (A0-A9) at a time. RAS is used to latch the
first 10 bits and CAS the latter 10 bits. A READ or WRITE
cycle is selected with the WE input. A logic high on WE
dictates READ mode while a logic low on WE dictates
WRITE mode. During a WRITE cycle data in (Din) is
latched by the falling edge of WE or CAS, whichever occurs

PIN ASSIGNMENT (Top View)

1)
)
@)
“)
8)
(6)

Voo

®

9)
(10)
)
(12)
13
(14)
(15)
(16)
a7
(18)
(19)
(20)
@1
(22)

NINSC06I8LIN
ING20608LIN

(23
24
(25)
(26)
(27)
2 MJ
(30)

last. If WE goes low prior to CAS going low, the output
pin(s) remain open (High Z) until the next CAS cycle.If WE
goes low after data reaches the output pin(s), Dour is
activated and retains the selected cell data as long as CAS
remains low (regardless of WE or RAS). This late WE pulse
results in a READ-WRITE cycle.

Returning RAS and CAS high terminates a memory
cycle and decreases chip current to a reduced standby
level. Also, the chip is preconditioned for the next cycle
during the RAS high time. Memory cell data is retained in
its correct state by maintaining power and executing any
RAS cycle (READ, WRITE, RAS only, CAS-before-RAS, or
Hidden refresh) so that all 512 combinations of RAS ad-
dresses (A0-A8) are executed atleast every 8ms, regardless
of sequence.

Nibble Mode operation allows faster sequential serial
data operations (READ, WRITE or READ-MODIFY-
WRITE) on up to 4 bits. The first of 4 bits is accessed in the
usual manner with CAS address A9 (nibble MSB) and RAS
address A9 (nibble LSB) selecting on of 4 bits within a
nibble for initial access. By holding RAS low, CAS can be
toggled incrementing the nibble address field in modulo 4
fashion with wrap around (see below).

0.0
cAs RAg [ 00

(0,1) (1,0)

(1.1) j
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FUNCTIONAL BLOCK DIAGRAM

10

- (27)
o5 (2)
o W
A (5) o
N w hﬁ ;é—wu‘ H:ﬂé'?s Uy
2 oo 2 O T e
AS (2) Vop__Vss Voo Vss
6 (14)
A7 5)
o L“_H: A0-A9 $10 1 po-r9
a0 010 % U, %= U,
a2 — & [ : Q] oas 22 l : u:|
T oe Us 4—3 U,
a3 —09 [ Q oa7 {22 : Q
Ui - Us = MT4C1025DJ A i
Ci - Co = 0.2 uf %AL. =
noo——('“—T-: Q oas <22 [ : n]
5 -
o s 12 o Uy
09 (29) : Q (28) L
C, |Ce
::-..:F
vss (9,22)
R (28
FUNCTIONAL TRUTH TABLE
. Addresses
Function RAS CAS WE NOTES
tR tC
Standby H H H X X High Impedance
READ L L H ROW | COL | Data Out
WRITE L L L ROW | COL | Dataln

(EARLY-WRITE)
NIBBLE MODE L  |H-L—H,| H |ROW | coL | Valid Data Out,

READ H-L—H Valid Data Out
NIBBLE MODE L H—L—H, L ROW | COL | Valid Data In,
WRITE H—L—H Valid Data In
RAS ONLY L H H ROW | n/a High Impedance
REFRESH

HIDDEN L—H-L L H ROW | COL | Valid Data Out
REFRESH

CAS-BEFORE- H—-L L H X X High Impedance

RAS REFRESH
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ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under “Absolute Maxi-
Voltage on Vcc supply relative to Vss........ -1.0V to +7.0V mum Ratings” may cause permanent damage to the de-
Operating Temperature, Ta(Ambient) .......... 0°C to +70°C vice. This is a stress rating only and functional operation of
Storage Temperature (Plastic) .......c........... -55°C to +150°C the device at these or any other conditions above those
Power Dissipation ...............c..... indicated in the operational sections of this specification is

not implied. Exposure to absolute maximum rating condi- -

Short Circuit Output Current
tions for extended periods may affect reliability.

Power supply standby current (RAS = CAS = Vix
after 8 RAS cycles min.)

STANDBY CURRENT: CMOS INPUT LEVELS lcca 9 mA

Power supply standby current (RAS = CAS = Vcc -0.2V
after 8 RAS cycles min. All other inputs at Vcc-0.2V or Vss + 0.2V)

DC ELECTRICAL CHARACTERISTICS >

(Notes : 1,3,4,6,7) (0°C < T, < 70°C = 5.0V + 10%) g
PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES g
OPERATING CURRENT lcct 450 | mA | 3,4 (@)
(RAS and CAS = Cycling: trc = tRc(MIN)) U
OPERATING CURRENT: NIBBLE MODE lcc2 450 mA 3,4 C
(RAS = ViL, CAS = Cycling: trc = tPc(MIN))
STANDBY CURRENT: TTL INPUT LEVELS lcca 18 mA rr;

REFRESH CURRENT: RAS ONLY lces 315 mA 3
(RAS = Cycling: CAS = ViH)
REFRESH CURRENT: CAS-before-RAS lccs 315 mA 3,5

(RAS and CAS = Cycling)

INPUT LEAKAGE CURRENT
(any input (OV < VIN < Vce), I -90 90 A
all other pins not under test = 0 volts)

OUTPUT LEAKAGE CURRENT

(Dour is disabled, 0V < Vourt < Vce) loz -90 90 HA
OUTPUT LEVELS

Output High voltage (lout = -5mA) VoH 2.4 Y 1
Output Low voltage (lout = 5mA) VoL 0.4 Vv

RECOMMENDED DC OPERATING CONDITIONS
(0°C<T, £70°C)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \ 1
Input High (Logic 1) Voltage, All Inputs ViH 2.4 |Vcc+1 \ 1
Input Low (Logic 0) Voltage, All Inputs Vie -1.0 0.8 \Y 1
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CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance (Ao-Ag) Cn 45 pF 2
Input Capacitance RAS, CAS, WE Cr 63 pF 2
Output Capacitance DouT, Din Co 12 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, <+70°C, Vcc = 5.0V £ 10%)

S3ITNAON WVHA I

A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time 'RC 190 220 260 ns

Access time from RAS 'RAC 100 120 150 ns 14
Access time from CAS 'cAC 25 30 45 ns 15
Access time from column address 'aA 50 60 70 ns

Access time from CAS precharge 'cPA 50 65 75 ns

RAS pulse width 'RAS 100 10,000 120 10,000 150 10,000 ns

RAS hold time 'RSH 25 30 45 ns

RAS precharge time 'RP 80 90 100 ns

CAS pulse width 'cAs 25 10,000 30 10,000 45 10,000 ns

TAS hold time ‘csH 100 120 150 ns

CAS precharge time 'CPN 15 20 25 ns 16
RAS to CAS delay time 'RCD 10 75 15 90 15 105 ns 17
‘CAS to RAS precharge time 'CRP 10 10 10 ns

Row address set-up time 'ASR 0 0 0 ns

Row address hold time 'RAH 10 15 15 ns

RAS to column 'RAD 10 50 15 60 15 70 ns 18
address delay time

Column address set-up time 'AsSC 0 0 0 ns

Column address hold time 'cAH 15 20 25 ns

Column address hold time 'AR 60 70 80 ns
(referenced to RAS) )

Column address to 'RAL 50 60 70 ns

RAS lead time

Read command hold time 'RCH 0 0 0 ns 19
(referenced to CAS)

Read commangﬂd time 'RRH 0 0 0 ns 19
(referenced to RAS)

‘CAS to output in low-Z fcLz 5 5 5 ns

Qutput buffer turn-off delay 'oFF 0 25 0 25 0 30 ns 20
‘WE command set-up time ‘wes 0 0 0 ns

Write command hold time 'WCH 20 25 30 ns

Write command hold time 'WCR 70 80 90 ns
(referenced to RAS)
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 6, 7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C, Ve = 5.0V + 10%)

to CAS lead time

A.C. CHARACTERISTICS -10 -12 -15

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Write command pulse width 'wp 20 25 30 ns

Write command to RAS lead time 'RWL 25 30 35 ns

Write command to CAS lead time ‘cwL 25 30 35 ns

Data-in set-up time 'ps 0 6] 0 ns 21
Data-in hold time ‘'DH 15 20 25 ns 21
Data-in hold time_ 'DHR 70 80 90 ns
(referenced to RAS)

Column address 'AWD 50 60 70 ns

to WE delay time

Transition time (rise or fall) T 3 50 3 50 3 50 ns 9,10
Refresh Period (512 cycles) 'REF 8 8 8 ms

RAS to CAS Precharge time ‘RPC 0 0 0 ns

CAS set-up time sk 10 10 10 ns 5
(CAS-before-RAS refresh)

CTAS hold time 'CHR 20 25 30 ns 5
(CAS-before-RAS refresh)

RAS pulse width (NIBBLE MODE) 'RASN 100 100,000 120 100,000 150 /100,000 ns

CAS precharge time (NIBBLE MODE) NcP 10 15 20 ns

NIBBLE MODE cycle time INC 35 40 45 ns

NIBBLE MODE access time NCAC 15 20 25 ns 15
NIBBLE MODE pulse width INCAS 15 20 25 ns

NIBBLE MODE CAS precharge time | 'NCP 10 10 10 ns

NIBBLE MODE RAS hold time 'NRSH 15 20 25 ns

NIBBLE MODE CAS to WRITE INCWD 15 20 25 ns

delay time

NIBBLE MODE WRITE command | 'NRWL 15 20 25 ns

to RAS lead time

NIBBLE MODE WRITE command INCWL 15 20 25 ns

2-141

s3a1naow wvya |



S3TNAOW WVHA l

MICRON
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NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Capacitance is calculated
from the equation C = IAt with AV =3V and Vcc =
5V. AV

3. Icc is dependent on cycle rates.

4. Iccis dependent on output loading. Specified values
are obtained the output open.

5. Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. An initial pause of 100ys is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. The 8 RAS cycle wake-up
should be repeated any time the 8ms refresh require-
ment is exceeded.

8. AC characteristics assume ‘T = 5ns.

9. Vin min and VIL max are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and ViL (or between ViL
and Vin).

10. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vix and
ViL (or between ViL and Vin) in a monotonic manner.

11. If CAS = Vin, data output is high impedance.

12. If CAS = Vi1, data output may contain data from the
last valid READ cycle.

13. Measured with a load equivalent to 2 TTL gates and

100pF.

14.

15.
16.

17.

18.

19.

20.

21.

22.

Assumes that ‘RCD < 'RCD (max). If ‘RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
fRCD exceeds the value shown.

Assumes that 'RCD > 'RCD (max).

If CAS is low at the falling edge of RAS, DouT will
be maintained from the previous cycle. To initiate a
new cycle and clear the data out buffer CAS must be
pulsed high for ‘CPN.

Operation within the 'RCD (max) limit ensures that
'RAC (max) can 