" FEATURES

m 262,144 words x 1 bit organization m Extended RAS active time to

W Ultra high speed, 60, 70, 80, 100 ns facilitate multiple accesses within a

RAS access times over full row
. Voo (4.5V to 5.5V) and temperature  m Low power (CMOS input levels}

(0°C to 70°C) ranges ~ Standby: 12.5 mW .

® Eliminates traditional DRAM 0 Active: 275 mW at 100ns
multiplexed address timing : access time
constraints ® 4.4 ms, 256 cycle refresh

8 Advanced field shield isclated "~~~ m Single 5V £ 10% supply

CMOS process optimized for speed m JEDEC standard plnout

® Inputs and outputs are GMOS and m CAS-before-RAS refresh as well as

TTL compatible HAS -Only refresh

DESCRIPTION

The AAA2800 is a 256K x 1 Dynamic RAM product designed and processed
for ultra high performance. The AAA2800 is fabricated with advanced CMOS
technology resulting in hlgh spaed !ow power and extremely wide operating
margins.

The AAAZ800 features a Statlc Column Decode mode of operation, its static
column-circuitry can keep the row operation dynamic while contro! the power
consumed in the static circuitry and realize the low power dissipation.
~ The AAA2800 chip design uses asynchronous column address decoding as-
well as on-chip transparent row address latch which permits an extremely short
row address capture time (4ns; 2ns set-up and 2ns hold). This relieves the system
designer of the constraint of timing overhead associated with address multi-
piexing, and makes if possible to achieve system RAS access times as fast as
60 ns which allows interfaolng to tha next generation of high speed micro-
processors. - - et ’

The AAAZ2800 is a cost aﬂec:twa VLSI DRAM fc:r applications that demand
hlgh density. rellabtllty. high perfurmance and wide operating marglns
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CMOS DRAM AAA2800

a: All voltage values in thls data sheet are with respect to Vss.
b: After power-up, a pause of 1 ms followed by eighti mt:ahzatton memory cyclea is requn’ed to achieve proper

device operation.:
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ABSOLUTE MAXIMUM RATINGS* _
' - - ' . - *Permanent device damage may occur
. HAT'NG SYMBOL VALUE UNIT it absolute maximum ratings are ex-
Voltage on Vog Relative to Vss™ Vir}’tifout ~1to7 v ceeded. Functional operation should be
: - - 2 — _ restricted to the conditions as detailed
Storage Temperature (Ceramic)| Tsig 1 —65 to 150 °C in the operational sections of this data
Sterage temperaturs {Plastic) Tsig 2 — 56 to 125 °C sheet. Exposure to absolute maximum
Power Dissipation - " Pd 1.0 w ‘rating ¢onditions for extended periods
Data out Gurrent (Short Clrcult} |  lout 50 mA may affect device reliability.
- DC OPERATING CONDITIONS **
SYMBOL PARAMETER MIN NOM MAX UNITS NOTES
Voo © | Supply Voltage 4.5 5.0 5.5 Vv
Ves " Supply Voltage 0 i v
ViH 1 Logic “1” Voliage - 2.4 6.5 ¥
' Logic "0” Voltage - o —1.0° 08 - v
Ta Ambient Operating Temperature 0 70 °C Still Air
Nole-

Any interval greater than 4.4ms wrth FtAS |nac11wty requnres eight reinitialization cycles to achieve proper

devlce operation




DC ELECTRICAL CHARACTERISTICS (0°C < Ta < 70°C, Vec = 5.0V % 10%)

CMOS DRAM AAA2800

Notes: -

CAPACITANCE

B SYMBOL PARAMETER MIN | MAX | UNIT |NOTES
- _ - 2600-06 - 75 | mA
, Average Power Supply Operating Current : 2800-07 - 70 mA
legt (RAS, CAS, Address Cycling; thc = tromin) 5800-08 _ pe mA a
' 3 . 2800-10 - 55 | ma
All Inputs Stable at CMOS Levels, RAS Z{Vcg - 0.4V) | — 25 mA b
RAS = CAS = Vin, Dour = HIZ — 3.0 mA
RAS = Vi, CAS = Vi, Dour = Enable — 3.0 mA
' " All Inputs Stable at TTL Levels, RAS 22,4V - 45 mA
lcca Standby Current - - :
All Inputs Toggling Batween CMOS Levels at _ 40 mA b
6.25 MHZ, RAS 2 {Vcc - 0.4V) .
All Inputs {Except RAS) Toggling _ 6.5 mA
Between TTL Lovels at 6.25 MHz o )
2800-06 — 66 mA
- FRAASS%Tglﬁeg"g?scer?mt _ 2800-07 - 60 | ma .
: v Hi tRCG = TRCmin)’ 2800-08 - 55 mA
| 2800-10 — 45 mA
_ 2800-06 — 35 mA
lcos a:seéagehzgéviro?#g?% 'g::r:‘rue::) for Sigtic column mode | 2800-07 — 30 mA a
. TWEGs 2800-08 - 27 mA
@ 2800-10 - 25 | ma
' . S 2600-06 — 65 | ma
locs @Be_fq_em R?fresr-_l—Current " . - 2800-07 — | - 80 mA .
| (RAS, CAS C):rclin. the = tacmin) 2800-08 _ 55 mA
{ ' 2800-10 — B | mA
It - Input Leakage Current (Any Input], oy = Vin <5, 5V others = DV —10 10 ' A
o | Oulput Leakage, Doyt = HiZ, OV < Vour S5.5Y " —-10 10 HA
Von | Oulput High Voltage, Io = — 5.0mA 2.4 v
VoL . | Oulput Low Vollage, lo = 5,0mA ~ 0.4 v

a. lgcis dependent on output Ioading and cycle rates. Specmed vaiues are obtained with output open

b. CMOS ievels are defined as Vi (min) = (Ve - 0.4V) and V). (max) = 0.4V,
TTL ievels are detined as Viy (min) = 2. 4V and V.._ (max)< 0.8v.

c. lec Is dependent on cycle rates

-a: Capacrtance measured with Boonton Meter
. b: CAS = V4 to disable Dour

AC TEST CONDITIONS -
" Input Puise Levels Oto v 1 SYMBOL PARAMETER MAX [UNITS|COND
Input Rise and Fall Times ..... 3ns bgtween 0.8 and 2.4V. " CN m’ C_AS, WE 8 oF | a
: : Input Timing Reference Lavels .........;... 0.8 and 2.4V —— -
" .} OutputTiming Reference Levels ......... 0.8 and 2.4V Cin Input Cap. Addresses 5 pF a
e Output I_..oad Equ.ivalent to 2 TTL Loads and 50pF CoUT. " Qutput Cap. 7 pF | ab
e o " Note:
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AC OPERATING couomous (ooc < Ta < 70°C, Voo = 5V £ 10%) | @
- ‘-P:ID. L PARAMETEH ' . N SYMBOL - 2800-06 | 2800-07 | 2800-08 | 2800-10 ’ UNIT NOTES
’ o T JEDEC STD | MIN [MAX| MIN [MAX] MIN MAX MIN M AX
i Colurn Addrass Set Up (Early Wnte) taveLz tasc ¢] 0 Q 0 ns c
2 Row Address Set—Up : B tAVRLZ tASR . 2 2 . 2 2 ns
3 | Column Address 1o WE Delay - tavwirz 1 tawp | 82 35 140 45 7 ns c.g ’
4 | Output Turn-Off Delay : tcH20Z fore | | 17 18 19 21 ns a
5 | CAS to RAS Precharge o | igHzAL2 | tCmRe 3 3 3 3 ns
8 :‘;;liig”;g%gﬁ"'d Time | | tonzwx | e | 0 0 o| |o ns b
7 Column Address Hold {Early Write) o tctmx tcan 6 7 . 8 2] ns c
8 | CAS Pulse Width (Read) toLicki | toas | 11 12 14 16 ns
9 | CAS Puise wWidih (Write) ' lioLicH1 | foas | & & 5 51 ns
10 | Data-In Hold Time from CAS (Early Write} teL1DX toH 4] 7 B 1 9 ns [
i1 | CAS Access | . feLigv | toac 11 2] |18 16 ns
12 | RAS Hold Time : ) toLiRHt | tRsH -] 16 18 20 25 ng
13 ::%S;;?gr:% Refresh} ) toL1RL2 - tesR 2 2 2 | ) 2 . ns
14 | CAS Writa-Hold (Reference CAS) teitwnt | twos | B | . 1s 5 5 ns
15 | CAS to WE Delay {Read-Modify-Write) toiwLe | fowp | 11 12 13 16 ne d
16 | Data Set-Up (Early Write} " {ovoLz 1ips 1] "o [¢] 0 " ns [
17 | Data Set-Up (Late Wrlte) o - tbvwiz ipg 0 0 [+ B .0 ng [
18 | AAS to Column Address Hold Time .'(RVHQA)( tau 0 ] 0 0 ns )
18 RAS Precharge tRH2AL2 tRP 55 | 656 75 80 ng
20 | Read Command Hold {Reference m) fRE2wX | tRRH 0 ] D 1] ns b o
21 g’;‘[‘er:‘:nig%? Hold | ARLAX | tan | 40 48 45 &0 ns
22 | Row Address Hold ' -l tmuiax | tmad | 2 2 ns
23 | TAB Hoid { GAS-Before-RAS) tRLicH1 | tonm | 2 2 2 ns
24 | GAS Hold Time (Early Write) . " itRLicH1) tosn | 40| 48 45 50 ns
. 25 |RAS10CASDelmay = - - © . itRuici | tRcp | 4 |45 4 | 55| 4 |65| 4 | 80 ns N
26 | Data in Hold TIme from HAS Tl - IRL1DX {DHR 40 43 45 50 ns
27 | RAS Access o T T Vipiav | RAG B0 70 | 80 100 ng
28 | RAS Pulse Width I trLirHd | tras | 60 |105] 65 [105] 70 [105) a0 [168] ns
29 ‘(’;‘;‘;r‘;ﬁz‘e'“;‘_g)“"’“ ~HeRLtwnt | twon | 40 43 a5 | |50 ns
30 | RAS to WE Delay (Read- Modlfy-erte) tRLtwie | thwo | 807 170 80 100 . ps d
31 | Random Read-Write Cycle - - ‘iRtoRL2 trRe 121 1_36 151 176 ns
32 | Read Command Set-Up - twHzoL2| tRcs 0 o | Q 0 ns d
33 | Write Command to CAS Lead - *iwiicHi] towl | 5 5 5 5 ns ,
34 |EarlyWrte WESst-Up - -~ . |iwiiciz| twes |0 0 a 0 ns d
a5 | bata-In Hold (Late Write) - S twripx | - tol 5 & 7 8 ns c
36 | Write Command to RAS Lead o tweiRe | tewe | 18 15 | - 17 o2 | ns
37 |writePulse - i T twiawnt | twe 5| 5 5 5 ns
38 | RefreshPeriod <= - " - - F tpee | tger ] |44 4.4 4| a4 wms
39 | Transition Time (Rise and Fall) - .~ - T | tf |2 |so| 2|52 |50] 2150 ns ef
40 | Output Hold from WE - - o twiiox | tonw | 5] - | 5 5 5| ns
41 | Column Address AGoess S . tavoy fAA | 32 35 - 40 45 ns d
42 | Static Column Mode Read Cycle Time . | tavav | trse 36 - |40 45 | 50 ns
43 | Outpul Hold from Address ) T "-'-IA)(Q)( 1 toHa 5 '_ 5 5 ns
44 | CAS Precharge - - - I tcHocLz | tep & ns
45 | Write Precharge " i T liwnowie| ctwe [ B f |5 | 8 5 hs
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AC OPERATING CONDITIONS (0°C = Ta < 70°C, Vo = 5V & 10%)

. No. | : PARAMETER o S3YMBOL 2800-06 2800-67 2800-08 | 2800-10 . : UNIT NOTES
’ o B N JEDEC STD  [MIN [MAX]{ MIN [MAX| MIN [MAX|MIN |MAX
46 | Column Address to WE Hold Time . WLIAX | tawn | 7 | 7 7 7 ns ¢
47 | 8latic Column Mode Write GSfc:l'e Time ) twLiwet | twse 35 .| 38 40 45 ns
48 | RAS to Column Address Delay Time in.i.m\r, tRAD 4 |28 4 135| 4 [40| 4 | &6 ns - h
49 | RMW Cycle Time S S iRL2ALZ | tAwe 134_ o ki | 168 198 ns
50 | Output Data Hold Time from CAS toniax | toH 2 2 21 [ 21 ne
51 | CAS Hold time (Read) - tRL1CH1 | tosH 60 70 80 100 ns
52 | BAS Precharge - CAS Hold Time ) Lo tRHz2gL2 [ tApc | O 0 1 O Q Q ns
53 | Wrile. Read Access Time ) , ' twLiav twRA &5 65 74 2] ns
54 | Write Precharge Access Time twH2oVN ! tWPA- 11 |12 13 ] | 14 ns
65 | Golumn Address - WE Set Up Time- ' taywle | taws | © 0 0 o ns
56 | Write Command Hold {Reference GAS) tcowni] twee |0} [0 o] o ns

Notes:

a. torr Is defined as the tlme at which the ouiput achieves the cpen cnrcunt condition.

b. Either tgHawx or truawx must be satistied for a Read cycle.

c. Address and data set-up and hold fimes referenced to CAS (tavoLz, toL1ax, toveoLs, and toLipy) are restrictive parametars
tor Early-Write operations only. Address and data set-up and hold times referenced to WE {tavwie, towerz, and twi1px)
arae restriclive parameters for Read-Modify-Write cycle operations.

d. twhzcLs, toLiwLe, and taLiwee are restrictive operating parameters In Read-Write and Read-Madify-Write cycles only.
Mtwiicrs = twitelz (min) the cycle Is an Eardy-Write cycie and data will remain open circuit unless WE goes high while
CAS and RAS are both low.

If twHzoLe 2 twhzoLz (min), tRLiwes 2 fﬂL1wL2 (m:n}, and tavav = tavov {min) the cycle is a Fleac{ Write and the data ouput
e will contain data read from the selected cell.

if neither of the abave conditions is met, the conditions of the data out is indeterminate at access time and remains so

until either CAS or WE returns to Viu. :

€. The transition time specification applles for. aII input signals.

In addition 10 meeting the transition rate specification, all input signals must transit between ViH and Vi {or between

V)L and Vi) In-a monotonic manner.

Transition time is measured beiween V)i (max)} and Vi {min).

3ns rise and fall times (ir) are used for cycle time specifications. : |
. Tavwiz is restrictive parameter for Read-Modify write cycles when read access prior to write is required.
. Operation within the tgLiav {max) limit ingures that taL1ov (max) can be met. tri1av (max) Is specified a5 a refarence
" point only. If tnuAv ] greater than the specmed taL1av (max) limit, then the accese time Is controlied by tavav and

tcLiay.

. treicL1 (max) is specified for reference only Operahon within trLicLi (rnax) and teLiay {max} limit ingure that trL1av

B . {max), tavav {max) can ba met. If trr1cvi is greaier than the specified trL1cL1 {(max) then the access time is controlled
’ by tavoy and lct_mv
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Read Cycle

Write Cycle L

! E ' Refrésii rc-:yclre's_.r

.. Write, Read- Modlfy-erte or RAS—Only) w:ll cause tha externally addressed row to be
efreshed : o :

CMOS DRAM AAA2800

STATIC COLUMN DECODE MODE TIMING INFORMATION

: ’AII cycles of the AAA2800 are inlllated by a hlgh -to- Iow transition of RAS For Read, Write, Read -Modify-Write,
or RAS-Only refresh cycles, the high-to-low transition of RAS causes the state of the 9 external address lines
{Ao through Ag} to be latched. Eight of the nine address bits are decoded to select one of 256 rows. The ninth
row address bit (A} is saved and becomes part of the ten bit column address which selects one of the 1024 column
locations. The AAA2800 uses a transparent latch to capture the row addresses which permits an extremely short
capture time for the row addresses with only a 2ns set-up and 2ns hold required. After the short row address
capture time has been satisfled, the 9 external address lines can be changed to the column address. Since column
address decoding on the AAA2800 is static (asynchronous or ripple-through), no address strobes are required
to seiect 1 bit location out of the 512 column locations within the selected row address field. However, after the
high-to-low transition RAS, the state of T —? and WE determme whether the cycle is a Read, Wite, Read-Modi-
fy-Write, or a RAS- On[y refresh cycle. :

A read cycle is performed on one or more memory locations it WE is hlgh white both
RAS and CAS are low. With RAS and CAS low while WE is high, the autput will reflect
the contents of the cell addressed by the 9 laiched row addresses and the current 9
column addresses provided that all read cycle timing conditions have been satisfied.
Asynchronous page cperations, where mare than one location can be accessed during

" a single RAS active cycle, can be executed by simply changing the column address

whenever a-new bit within the present page (defiend by the 9 latched row addresses)
is being aceessed. It is not neceassary to toggle CAS in order to perform static column
decode mode read operations, but CAS can be toggled, if desired, for the purpose of

- enabling or disabling the data output butfers.

The AAAZBOO will perform three types of write cycles: Early-Write, Late-Write, and
Read-Modify-Wrife. A write gycie is Inltlated when WE, CAS and RAS are low. If WE goes
fow prior to CAS golng low, an Eariy-Write cycle is executed. Early-Write cycles are
initialed by the falling edge of GAS with set-up and hold times for both data-in and column
addresses (Column addresses latched during Write cycles to provide additional noise
E'mmunlty as well as allow plpelined write operations.) being reference to thefalling edge
of CAS. Dunng Early-Write cycles, the data out will remain open (high :mpedance state)

- as long as WE remains low. _
- HTAS goes low to WE going low, a Late Write is ekecuted. Late-Write cycles are initiated
by the falling edge of WE with the set-up and hotd times for both data-in and cotumn

addresses bsing referenced to the falling edge of WE. Prior to-the WE control input being

o _asserted for a Late-Write cycle, all the input conditions for a read operation are satisfied

(RAS and CAS are both low and WE is high). If WE is asserted after a valid read access

- oeeurs, the operation is called a Read-Modify-Write cycle. During a Read-Modify-Write

cycle, the data-out will reflect the contents of the addressed cell before it was written
until. RAS, CAS and WE go high. A Late-Write cycle where WE is brought low prior to

. - output data accessing will result an indeterminate data output state, but whatever state
was present at the time WE goes low will be latched unt|| RAS, CTAS or WE goes high.

Dyna_ml_c RAMs retam data by stormg charge on a capacitor. Since the charge will leak

.- away over a perlod of time, it is necessary to access the data in the cell (capacitor)

_ . periodically in order to fully restore the stored charge while it is still at a sufficiently

" highlevel to be properly detected. For the AAA2800, and RAS sequence will fully refresh

©all storage cells within the single row addressed. To ensure that all cells remain suffi-

* ciently refreshed, all 256 rows (all binary combinatlons of address bits Ag through Az)
- must be refreshed every 4.4ms.

.~ The addressing of the rows for refresh may be sourced either externally or internally.

T I the refrash row addresses are to be provided from an external source, CAS must be

high when RAS goes low. #f CAS is high when R RAS S goes low, and type of cycle (Read,
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If GAS is low when RAS falis, the AAAZB00 will use an internal B-bit counter as the source

“of the row addresses and will ignore WE . and the external address inputs.

CAS-Before-RAS refresh mode is a refresh-only mode. Also, CAS-Before-RAS refresh
does not cause devlce selection and the state of the data-out will remain unchanged

~aslong as CAS remams low.

To ensure proper operation of the AAAEBOD ina system anvironment it is recommended that the following

guidelines be followed.

Power
Distribution

Termination

Transient currents are required by dynamic RAMs. These transient current spikes can
cause significant power supply and ground noise uniess adequate power distribution
and decoupling is used. The recommended power distribution scheme combines proper
trace layout and placement of decoupling capacitors. The impedance in the decoupling
path from the power pin (8) through the decoupling capacitor, to the ground pin (18} should
be keptto a minimum. The impedance ot this path is determined by the serles impedance
of the power line and the decoupling capacitor.

To reduce the power liné impedance, itis recommended that the power trace and ground
trace be gridded or provided by separate power planes. To prevent loss of sighal margins
due to differential ground noise, the ground grid of the memory array should be extended
to the TTL drivers In the peripheral circuitry. A high-fraquency decoupling capacitor
with a value of 0.10F, should be placed between the rows of memory devices inthe array.
A larger tantalum capacitor with a value between 22uF and 47uF should be piaced near
the memory board edge connection where the power traces meet the backplane power
distribution system. These large capacitors provide bulk energy storage to prevent

‘voltage drop due to the main supply being located off the memory board and at the end

of a long inductive path.

Trace lines on amemory board Inthe array lookto TTL driver signals like low impedance,
unterminated transmission lines. In order to reduce or eliminate the reflections of the

' ~ TTL signals propagating down the-lines, especially low-golng TTL signals, line termi-

" nation is recommended. The termination may be either parallel or series but the series
termination technique has the advantages of drawing no DC current and using aminimum

" of components. The rfecommended technique is to use series termination. A series re-

sistor in the signal [ine at the output of the TTL driver to match the source impedance
of the TTL driver to the signal line will dampen the reflections on the line. The line should

'  bekept short with the driver/termination combination close to the memory array. Some

expenmentatlon wi[l have to be dons to find the proper vaiue to use for the series ter-
mination to minimize reflections, but generaHy a series resistor in the 100 10 30Q range
will be required.

‘Proper power distribution technlquee mc!udlng adequate use of decoupling capacitors,

. -7 "along with proper termination of TTL driver outputs, are among the mosf important, yet

_ free of nmse sp[kes end suna! reﬂectlons

" basic guidelines to be followed. These guidelines are intended to maintain the operation

margins of all dewces on the memory board by providing a quiet environment relatively
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FEATURES

B 262,144 words x 1 bit organization
~ m Ultra high speed, 60, 70, 80, 100 ns
RAS access times over full
Veo (4.5V to 5.5V) and temperature
(0°C to 70°C) ranges
. W Eliminates traditional DRAM
muftiplexed address timing
constraints
u Advanced field shield |solated
CMOS process optimized for speed
m Inputs and outputs are CMOS and
TTL compatible

DESCRIPTION

m Extended RAS active time to
facilitate multiple accesses within a
row ' :

B Low power (CMOS inpui levels)

- Standby: 12.5 mW -
Active: 275 mW at 100ns
' access time

B 4.4 ms, 258 cycle refrash

& Single 5V £ 10% supply

& JEDEC standard pinout

# CAS-before-RAS refresh as well as
RAS-Only refresh

The AAA2B01 is a 256K x 1 Dynamic RAM product des;gned and processed
for ultra high performance. The AAA2801 is fabricated with advanced CMOS
technology resultmg m high speed low power and extreme!y wide operating
margins.

The AA2801 has a Page mode of operatlon it allows randcm or sequential
access of up to 512 bits within a row.

- The AAA2B01 chip design uses asynchronous column address decoding as
wel! as on-chip transparent row address laich which permits an extremely short
row address capture time (4ns; 2ns set-up and 2ns hold). This relieves the system
designer of the constraint of timing overhead associated with address multi-
plexing, and makes it possible to achieve system RAS access times as fast as

60 ns whu:h allows mterfacmg to the next generancn of high speed micro- .

processors,
The AAA2801 Is a cost effectlve VLSI DRAM for appllcatlons that demand
high density, reliability, high performance and wide operating margins.

PALSTIC LEADED GHIP CARRIER

PIN CONFIGURATION

Ay A Voo A
B i 0 W
[N LT

158
0~
1

9 n [
EA 3]
we [ PLCC
ales
[\ u [T

w o O =

1k

1T 12

TAE Y A D

PIN NAMES

ADDRESS INPUTS

GAS | COLUMN ADDRESS STROBE

RAS | ROW ADDRESS STROBE |

Din " DATAIN
 Dout DATA OUT
WE WRITE ENABLE

Vog | +5V SUPPLY INPUT

Ves GROUND
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BLOCK DIAGRAM

Wy Iy
g g
PR 6K E E
A MENGRY ARAAY 3tz I3
e g 2uw|8
ADDRESS Filke
. BUFFEAS ‘gﬁ
. & SPARE ROWS
b 1074 DUAMY CELLS

f—d
¥—g

§12 SENSE

AMPLIFIERS

2/0

l,

PAAS

1

CUTPUY 2]
DEQODE

we 1/255 COLUMN DECODE. SEHSE =
ANPUFIER
!_,‘—‘ 21/0 PAIRS
B1Z SFRSE ALIPY IFFRE
1024 CUMMY CELLS
SEAAL REFRESH £ SPARE z AHS
COUNTERS COUHSERS B
R ] -
h—."_’ Ohn
FREQHC??E * Da =] Elu?r"ER F— c'guarEll'::ER E;‘)JSE%EER
ROW GoL
B e [ ™]  elbos [ Tooe [ | ChaE wes] BT
L] urrr |
[y LATCH Lo
OFEFATIRG
aes o5 w L}
BUFFER ™5
ABSOLUTE MAXIMUM RATINGS*
*Permanent device damage may occur
RATING SYMBOL VALUE UNIT if ahsolute maximum ratings are ex-
Voltage on Vcg Relatlve to Vss | V‘ilc ~1to7 v ceeded. Functional operation should be
in, Vout restricted to the conditions as detailed
Storage Temperature {Ceramic) | Tsig1 —65to 150 °C in the operational sections of this data
Btorage temperature (Plastic) Tstg 2 — 5510 125 G sheet. Exposure to absoiute maximum
Power Dissipation Pd 1.0 W rating conditions for extended periods
Data out Current (Short Circuit) lout 50 mA may affect device reliability.
DC OPERATING CONDITIONS =
SYMBOL PARAMETER MIN NOM MAX UNITS NOTES
Veeo Supply Voltage 4.5 5.0 85 Vv
Vag Supply Yoltage 0 1
Viy Logic “1" Voltage 2.4 6.5 Vv
Vi Logic “0" Voltage -1.0 0.8 L'
Ta Amblent Operating Temperature 0 70 °C St Alr
Note:

a: All voltage values in this data sheet are with respect to Vss.

b: After power-up, a pause of 1 ms followed by eight initialization memory cycles Is required to achieve proper

device operation.

Any interval grealer than 4.4ms with RAS inactivity requires eight reinitialization cycles to achieve proper

device operation.

I



CMOS DRAM AAA2301
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DC ELECTRICAL CHARACTERISTICS (0°C < Ta < 70°C, Veo = 5.0V + 10%)

. SYMBOL PARAMETER MIN MAX UNIT | NOTES
4 2801-06 _ 76 | mA
. Average Fower Supply Operating Current 2801-07 — 70 mA
fec (RAS, CAS, Address Cycling; thc = tromin) 2801-08 — 85 mA a
2801-10 — 55 mA
All Inputs Stable at CMOS Levels, BAS 2{Vee - 0.4V) - 2.5 mA b
RAS = CAS = Vi, Dour = HiZ - 3.0 mA
RAS = V|y, CAS = V|, Dout = Enable —_ 3.0 mA
ooz Standby Current All Inputs Stable at TTL Levels, RAS22.4V - 4.5 mA
All Inputs Toggling Between GCMOS Levels at _ 4.0 mA b
6.25 MHZ, RAS = (Vce - 0.4V)
All Inputs {Except RAS) Toagling _ 65 A
Between TTL Levels at 6.25 MHz
2801-06 — 65 mA
locs %%%nly IRefrg_ssL C=urranlt _ 2801-07 — 60 mA c
yeling, CAS = Vin: tag = IRGmin) 2801-08 — 55 mA.
2801-10 — 45 mA
2801-06 — 35 mA
lcos azgéagahz:;webrj#[;?mg? r:]r::lt) for page mode 2801-07 — a0 mA a
e _ ' * | 2801-08 - 27 mA
2801-10 —_ 26 mA
2801-06 - 65 mA
locs gﬁ:%sg%ecﬁng?izs: ci:tr}rgn)t 2801-07 - 80 mA .
’ = min 2801-08 —_ 55 mA
' 2801-10 — 45 | mA
I Input Leakage Current {Any Input}, OV < Vi < 8.5V, others = 0V -10 10 A
Lo Output Leakage, Dour = HiZ, OV = Vout <6.5V -10 10 pA
Vou Output High Voltage, 1o = —5.0mA 2.4 v
Voo Output Low Voltage, o = 5.0mA 0.4 v

Notes: . :
a. lgc is dependent on output loading and cycle rates. Specified values are obtained with output open.
b. CMOS levels are defined as Vi {min) 2 (Vec - 0.4V} and ViL (max) = 0.4V,
TTL levels are defined as Vi {min) > 2.4V and Vi (max) < 0.8V.
c. lgc Is dependent on cycle rates,

AC TEST CONDITIONS CAPACITANCE
Input Pulse Levals ....cccvccnninnnonn.,. 010 3Y SYMBOL PARAMETER MAX [UNITS{COND
Input Rise and Fall Times ..... 3ns between 0.8 and 2,4V — T s
A . 8 F

Input Timing Reference Levaels ............. 0.8 and 2.4V O RAS, GAS, WE P 2

Output Timing Reference Levels .......... (0.8 and 2.4V G Input Cap. Addresses 5 pF )
@ Output Load ..... Equivalent to 2 TTL Loads and 50pF . Cour Output Cap. 7 pF ab

Note:

a: Capacitance measured with Boonton Meter
b: CAS = Viu to disable Dout

z 3
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AC OPERATING CONDITIONS (0°C =< Ta < 70°C, Voc = 5V & 10%)

-

260010

NO. PARAMETER SYMBOL 2800-06 | 2800-07 | 2500-08 UNIT NOTES
JEDEC STD |MIN [MAX] MIN [NMTAX] MiN [MAX| MIN [MAX
1 | Golumn Address Set-Up tavelz | tase | © 0 0 0 ns
2 Row Address Set-Up tAVRLY tash 2 2 2 2 ns
3 | Column Address to WE Delay tavwie | tawp | 32 35 40 45 ns c.g
4 Cutput Turn-Cff Delay tcHeQZ 1OFF 17 18 12 21 ns a
5 | CASio RAS Precharge tcH2RL2 | ICRP 3 3 3 3 ng
8 ?Ff;gri:?emf;\ig)l-bld lchawx | IRCH 0 0 0 0 ns b
7 | Column Address Hold toL1AX iGAH [} 7 8 g ns
8 | CAS Pulse Widlh (Read) ICLICHT | tCas 11 12 14 16 ns
9 | TAS Pulse Width (Write) toLichi | toas | 6 5 5 5 na
10 | Data-in Hold Time from CAS tcLiDX oy [ 7 B 9 ns c
11 | CAS Access tcLiav icac 11 12 13 16 ns
12 | RAS Hold Timsa tCL1IRH1 tnsH 15 18 20 25 neg
13 %%s:;;l:re RAS Refrash) loL1AL2 IcsR 2 2 2 2 ne
14 | GAS Write Hold (Reference CAS) tcLiwHt | tweH 5 5 5 5 na
15 | CAS fo WE Delay (Read-Modify-Wrile) foLiwre | town | 11 12 13 16 ns d
16 | Data Set-Up (Early Writa) tpveLs ips 1] 0 1] ns c
17 | Data Set-Up (Late Wrile) pvwk2 | Ips o 0 o ns c
18 | RAS to Column Address Delay Time TRL1AV {RAD 4 (28] 4 135| 4 | 40 65 ns h
18 | RAS Precharge taHorL2 | Imp 85 €5 75 80 ns
20 | Read Command Hold {Reference FAS) tRH2wx | tRRH 1] 0 0 ] ns b
21 f;;?;‘:n'::d% Hold TRL1AX taAR 40 43 45 1) ns
22 | Row Address Hotd tRL1aX | tRAH 2 2 2 ns
23 | €AS Hold { CAS-Before-RAS) iRL1CHY | tCHR 2 2 2 ns
24 | CAS Hold Time (Early Write) tRLIGH1 | 1osH | 40 4 45 50 ns
25 | RAS to CAS Delay RLicL1 | tReo | 6 |45) 6 155] 6 (66| 6 | BO ns I
26 | Data in Hold {Reference m} fAL1DX tOHR 40 43 45 50 ns
27 | RAS Access tRLiav | tRAG 60 70 an 100 ns
28 | RAS Pulse Width tRLiRA1 | tRas | 60 |105] 65 | 108} 70 | 105| 90 | 108 ns
29 ‘?Aﬂ::rzf';"em%g]“"'d tALIWH1 | twer | 40 43 a5 50 ns
30 | RAS to WE Delay (Read-Maodify-Write) taLiwiz | tRwo | 60 70 80 10D ns d
31 | Random Read-Write Cycle iRL2ZRL2 tRC 121 136 151 176 ns
32 | Road Gommand Set-Up twHzoLz | tRGS 0 0 0 Q ns d
33 | Write Command to CAS Lead twiich1 | towe | 8 5 5 5 ns
34 | Early Write WE Set-Up wiict2 | wes | © 0 0 0 ns
36 | Data-In Hold {Late Write) twLIDX tDH 5 6 7 8 ns
36 | Writa Command to RAS Lead twiiRdd | trwe [ 13 15 17 22 ns
37 | Write Pulse TWE 1WHA1 twp =] 5 5 5 ns
38 | Refresh Perlod tREF tREF 4.4 4.4 4.4 4.4 ms
39 | Transition Time (Rise and Fsli) ir tr Yy 50| 2 [ 50| 2 | 50 ns ef
40 | Qutput Hold from WE twriax | tosw 5 [ 5 ns
41 | Column Address Access tavoy 1an 32 35 40 45 ns d
42 | Page Read/Write Cycle toLecee tpc 37 41 48 61 ns
43 | Accrss from GAS Precharge tCH2av 1ICAP 34 38 43 48 ns
44 | CAS Precharga(Page) tcHacL2 | tep 5 5 5 5 ns




st it o o e R RO S i T . b i St i ol il S e————

CMOS DRAM AAA2801

“AC OPERATING CONDITIONS (0°C < Ta < 70°C, Vec = 6V £ 10%)

y . ' SYMBOL 2800-08 | 2800-07 | 2800-08 | 2800-10

NO. PARAMETER UNIT NOTES
‘ : JEDEC | STD _ [MIN MAX] MINIMAX MIN [MAX| MIN MAX

45 | RMW Cycle Time tpLaRL2 | tRwe | 194 161 168 198 ns

46 | Quiput Data Hold Time from CAS tcHIQX 10H 2 2 2 2 ns

47 | CAS Hold ime (Read) TRL1CH1 | TCSH 60 70 8¢ 100 ns

48 | RAS Precharge - CAS Hold Time(CBR) tRH2cL2 | tRPC 4] Q 0 0 ns

Notes:

a. torr is defined as the time at which the output achisves the open circuit condition.

b. Either igHzwx or tHHzwx must be satisfied for a Read cycle.

c. Address and data set-up and hold times referenced to CAS (fpvcia, tcL1px) are restrictlve parametars for Farly-Wrlte
operations only. Address and data set-up fimes referenced to WE (taywi2, toweoLz, and twi1px) are restrictive parameters
for Read-Modify-Wrlte cycle operations.

d. twHzeLz, feL1wez, and truiwiz are restrictive operating parameters in Read-Write and Read-Modify-Write cycles only,

i twiicLe = twiiciz (min) the cycle is an Early-Write cycle and data will remain open circult unless WE goes high while
CAS and RAS are both low.

If twiecL2 2 twhzcLz (min), tALiwLz 2 taLiwLs (min), and tavav 2 tavay (min) the cycle is a Read-Write and the data ouput
wilt contain data read from the selected cell.

If neither of the above conditions is met, the conditions of the data out is indeterminate at access time and remains so
until sither CAS or WE returns to Viu. :

e. The transition time specification applies for all input signals. .

In addition to meeting the transition rate spaecification, all input signals must transit batween Vg and Vi (or between
ViL and Vi) in & monotonic manner.
Transition time is measured between ViL (max) and Viy (min).

% 1. 3ns rise and fall times {tr) are used for cycle time specifications.

: g. tavwie is restrictive parameter for Read-Modify write cycles when read access prior to wnte is required.

v h. Operation within the trL1avy (max) limit insures that taL1ov (Max) can be met. trL1ay (max) is specified as a reference
point only. if taL1av is greater than the specified trLiav (max) limit, then the access fime is conirolled by tavgy and
tcLiav-

i. truieLt {max) is specitied for reference only. Operation within trL1oL1 (max) and tritav {max) limit insure that taLiav
{max), tavqv {max} can be met. If trL1cL1 IS greater than the specified taLicL1 (max) then the access time is controlled
by tavav and toLiav.
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TIMING INFORMATION

Al cycles of the AAA2801 are initiated by a high-to-low transition of RAS. For Read, Write, Read-Modity-Write,

or RAS-Only refrash cycles, the high-to-tow transition of RAS causes the state of the 9 external address lines
{(Ac through Ag) to be Jatched. Eight of the nine address bits are decoded to select one of 256 rows. The ninth
row address bit {Ag) is saved and becomes part of the ten bit column address which selects one of the 1024 column
tocations. The AAA2801 uses transparent latches to capture the row addresses which permits an extremely short
capture time for the row addresses with onfy a 2ns set-up and 2ns hold required. After the short row address
capture time has been satisfled, the 9 external address lines can be changed to the column address, Golumn
address decoding on the AAA2801 is statlc (asynchronous or ripple through; Static Column Decoded) when ever
TAS is high but the column addresses are latched when GAS is low. This provides the advantages of statlcally
decoded colunmn accessing while maintaining compatibility with conventional DRAMs. After the high-to-low
transition of RAS, the state of CAS and WE determine whether the cycle is a Read, Write, Read-Modity-Write,
or a RAS-Only refresh cycle. The cycle s terminated by bringing RAS high. A new cycle may be initiated after
RAS has been high for the specified precharge Interval [truor 2{min)]. RAS and CAS must be properly averlapped
and once brought low they must remain low for their specified puise widths.

Read Cycle A read cycle Is performed on one or more memory locations if WE is high while both RAS
and CAS are low. During a read cycle, at access time the output will reflect the contents of
the cell addressed by the 9 latched row and column addresses. The read access time Is
determined by triiqv, tavov, of toLiqy, whichever is greatesi. When data is accessed, the
data output is entirely under the control of CAS; accessed data will remain vatid as long as
CAS remains active even if a RAS sequende occurs while TAS is held low.

Write Cycles A write cycle is initiated when WE, GAS and RAS are low. The AAA2801 will perform
three types of write cycles: Early-Wrlte, Late-Write and Read-Modity-Write. During a
RAS active cycle, if WE goes low priorto TAS going low, an Early-Write cycle is executed.
Early-Write cycles are initiated by the falling edge of CAS with set-up and hold times
for both data-in and column addresses referenced to the falling edge of CTAS. With
Early-Write cycles, the data-out will remain open (high impedance state). If CAS goes
low prior to WE going low, a Late-Write cycle Is executed. Late-Write cycles are Initiated
by the falling edge of WE with set-up and hold times for both data-in and column ad-
dresses referenced to the falling edge ot WE. Iif WE is asserted after a valid read access
occurg, the operation is calied a Read-Modify-Write cucle. During a Read-Modify-Write
cycle, the data-out will reflect the contents of the addressed cell before It was written
until the output is turned off (high impedance state) by bringing CAS high. The choice
of write cycle fiming Is usually very system dependent and the different modes are made
available 1o accomodate these differences. In general, the Early-Write timing is most
appropriate for systems that have a bidirectional data bus. Because Q (data-out) remains
Inactive during Early-Write cycle, the D (data-in) and the Q {data-out) pins may be tied
together without bus contention.

¥

Page Mode Cycles Page mode operation permits access of up to 512 locations within a single RAS active
cycle. The multiple loecations in the same page can be randomly accessed by simple
changing the column address inputs and cycling TAS. Within a page mode cycle, any
combination of Read, Write, Early-Write or Late-Write ,or Read-Modify-Write cycies can
be executed. Unlike traditional address multiplexed dynamic RAMs, the AAA2801
transparently latches the column addresses (column addresses are ripple-through de-
coded whenever TAS is high and latched when TAS is low) which permits column de-
coding to occur independently of the assertion of CAS. Additionally, the falling edge of
CAS acts as a high speed output enable for read cycles and performs a gating function
during write cycles. Transparent column address latching allows high speed page mode
accesses to be performed by simply changing the column address Inputs whenever a
new bit in the current page (defined by the 9 bit address field latched by the falling edge
of HAS) is to accessed and toggling CAS high and then low. When GAS goes high the

< data-out buffers are turned off (high impedance) and when TAS is active the data-out

- drivers are turned on. Access during the page mode operation is determined by
trLigv, tavay, and teLiav, whichever Is greatest. -

re
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Refresh Cycles Dynamic RAMS retain dala by storing charge on a capacitor. Since the charge will leak

e away over a period of time, it is necessary {0 access the data in the cell {capacitor)
periodically in order to fully restore the strored charge while if is still at a sufficiently
high level to be properly detected. Forthe AAA2801. any RAS sequence will fully refresh
all storage cells within the single row addressed. To ensure that all cells remain suffi-
ciently reireshed, all 256 rows (all binary combinations of address bits Ag through A7)
must be refreshed every 4.4ms.
The addressing of the rows for refresh may be sourced either externally or internally.
I the refresh row addresses are to be provided from an external source, CAS musl be
high when RAS goes low. If CAS Is high when HAS goes low, any type of cycle (Read,
Write, Read-Modify-Write, or RAS-Only) will cause the externally addressed row to be
refreshed.
It CAS is low when RAS falls, the AAA2801 will use an intermal 8-bit counter as the source
of the row addresses and will ignore WE and the external address inpuis.
CAS-Before-RAS refresh mode is a refresh-only mode. Also, CAS-Before-RAS refresh
dees not cause device selection and the siate of the data~out will remain unchanged
as long as TAS remains low.

APPLICATIONS

To ensure proper operation of the AAA2801 in a system environment it is recommended that the following
guidelines be followed.

Power Transient currents are required by di}namlc RAMs. These fransient current spikes can

r Distribution cause significant power supply and ground noise unless adequate power distribution
and decoupling Is used. The recommended power distribution scheme combines proper
: A : trace layout and placement of decoupling capacitors. The impedance in the decoupling
e pathfrom the power pin (8) through the decoupling capacitor, to the ground pin (16} should

be kept to a minimum. The impedance of this pathis determined by the series impedance
of the power line and the decoupling capacitor.

To reduce the power line Impedance, it is recommended that the power trace and ground
trace be gridded or provided by separate power planes. To preventloss of signal margins
due to differential ground nolse, the ground grid of the memory array should be extended
to the TTL drivers in the peripheral circuitry. A high-frequency decoupling capacitor
with a value of 0.1pF, should be placed between the rows of memory devices in the array.
A larger tantalum capacitor with a value between 22uF and 47tF should be placed near
the memory board edge connection where the power traces meet the backplane power
distribution system. These large capacitors provide bulk energy storage to prevent
voltage drop due to the main supply being focated off the memory board and at the end
of a long Inductive path.

Terminatlon Trace lines on a memory board inthe array lookto TTL driver signals like low impedance,
unterminated transmission lines. in order to reduce or eliminate the reflections of the
TTL signals propagating down the lines, especially low-geing TTL slgnals, line terml-
nation is recommended. The termination may be either parallel or series but the series
termination technique has the advantages of drawing no DC current and using a minimum
of components. The recommended technique is to use serles termination. A series re-
sistor in the signal line at the output of the TTL driver to match the source impedance
of the TTL driver to the signal line will dampen the reflections on the line. The line should
be kept short with the driver/termination combination close to the memaory array. Some
experimentation will have to be done to find the proper value to use for the series ter-
mination to minimize reflections, but genarally a series resistor in the 100 io 30X range

- wilf be required. . _

1 U Proper power distribution techniques, including adequate use of decoupling capacitors,

- along with proper termination of TTL driver outputs, are among the most important, yet
basic guidelines to be followed. These guidelines are intended to maintain the operation
margins of all devices on the memeory board by providing a quiet environment relatively
fres of noise spikes and signal reflections.
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ORDERING INFORMATION

AAA 280 X X X X

| SPEED

PACKAGE

OPERATION MODE

06: 60 NAND SECONDS
07:70

08:80

10: 100

P: PLASTIC DIP
C: SIDEBRAZE
J: PLCC

0

: STATIC COLUMN
DECCDE

1: PAGE

2: NIBBLE

3. BYTE

4: EXTENDED SERIAL
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