in
2109 FAMILY
8,192 x 1 BIT DYNAMIC RAM

2109-3 2109-4 -
$6000,56001 | $6002,56003
Maximum Access Time (ns) 200 250
Read, Write Cycle (ns) 375 410
Read-Modify-Write Cycle (ns) 375 475
m 8K RAM, Industry Std. 16-Pin Package m Non-Latched Output is Three-State,
m +£10% Tolerance on All Power Supplies: TTL Compatible
+12V, +5V, -5V m RAS Only Refresh
m Low Power: 462mW Max. Operating, m 64 Refresh Cycles Required Every 2ms
20mW Max. Standby B Page Mode Capability
m Low Ipp Current Transients m CAS Controlled Output

m All Inputs, Including Clocks, TTL Compatible Aliows Hidden Refresh

The Intel® 2109 is a 8,192 word by 1-bit Dynamic MOS RAM which is pin compatible with the industry standard 16K
dynamic RAMs. The 2109 is manufactured with the same masks as the Intel® 2117 and is fabricated with Intel's standard
two layer polysilicon NMOS technology — a production proven process for high reliability, high performance, and high
storage density. As is shown in the block diagram below, the device is organized as two 8K arrays separated by sense
amplifiers and column decoders. The selected 8K array is tested for all of the A.C. and D.C. characteristics necessary to
permit the 2109 to be considered a functionally compatible 8K version of the 16K device.

The 2109 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low

current transients and +10% tolerance on all power supplies contribute to the high noise immunity of the 2109 in a system
environment.

The 2109 is available as either an “upper” or “lower” haif of the 2117. Row Address 6 (A¢) selects the operating half, and is
Vin for S6000, S6002, S6064 and S6066 specifications and Ag is ViL for $6001, S6003, S6065 and S6067 specifications.

The 2109 three-state output is controlled by Column Address Strobe (CAS) independent of Row Address Strobe (RAS).
After a valid read or read-modify-write cycle, data is latched on the output by holding CAS low. The data out pin is returned
to the high impedance state by returning CAStoa high state. The 2109 hidden refresh feature allows CAS to be held low to
maintain latched data while RAS is used to execute RAS-Only refresh cycles.

The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS-
Only refresh cycles, hidden refresh cycles, or normat read or write cycles on the 64 row address combinations of Ao
through As. As must be at its proper state (Vin or ViL depending on the device specification) for 64 cycle refresh. A write
cycle wil! refresh stored data on all bits of the selected row except the bit which is addressed.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM As'Vu.
-—— Vg
Ag | - Vopp
ry -~ Vga
‘ A Ve
—iA *
I kA A== BT 128 SENSE AMPLIFIERS
—a, LATCH 1 OF 64 COLUMN gg e Dour
— A, Ay —=i ROW DECODERS ~ g i
—]a AND e t&
 Dour b— A, —]| COLUMN %o B8&
—a,
— RAS Ag—] I
—acas J
—awe Ae ]
NOTE 1: 56000, $6002: Ag AT Vi DURING ROW ADDRESS VALID {2 As = Vin
$6001, S6003: Ag AT Vi DURING ROW ADDRESS VALID ADDRESS
GATING
PIN NAMES t T
Ag-Ag ADDRESS INPUTS WE  WRITE ENABLE
CTAS  COLUMN ADDRESS STROBE Ves POWER {-5V| CLOCK cLock WRITE DATA
RAS —w{GENERATOR GENERATOR ENABLE eyt M
Din  DATAIN Vee  POWER (+6V) NO. 1 NO. 2 BUFFER LATCH
Dour DATA OUT Vop POWER (+12V) CAS ______J r
RAS  ROW ADDRESS STROBE Ves GROUND DWE
IN
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2109 FAMILY

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias -10°Cto+80°C
Storage Temperature ............. -65°Cto +150°C
Voltage on Any Pin Relative to Ves

(Vss-VBB=4V) ... .. e -0.3Vto +20V
Data Qut Current ....... ... ...t 50mA
Power Dissipation ......... ... i i 1.0W

"COMMENT:

Stresses above those listed under "'Absolute Maximum
Ran’ng”may cause permanent damage to the device. This
/s a stress rating only and functional operation of the de-
vice at these or at any other condition above those indi-
cated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.

D.C. AND OPERATING CHARACTERISTICS!"?
Ta=0°C to 70°C, Vpp = 12V +10%, Vcc = 5V £10%, VBB = -5V £10%, Vss = OV, unless otherwise noted.

Limits

Symbol Parameter Min. |Typ.®!| Max. |Unit| Test Conditions Notes
Hul Input Load Current {any input) 0.1 10 | pA[VIN=Vssto 7.0V, VBe=-5.0V
Heol Output Leakage Current for Chip Deselected: CAS at Vi,

High Impedance State 0.1 10 | pA|Vour =0to 5.5V
Ipo1 Voo Supply Current, Standby 1.5 | mA|CAS and RAS at Viy 4
IBB1 Ves Supply Current, Standby 1.0 50 nA
fcci Vce Supply Current, OQutput _

Deselected 0.1 10 | A [CAS at Vi
lop2 Vop Supply Current, Operating 35 | mA{2108-3, trc = 375ns, tras = 200ns

33 | mA|2109-4, tac = 410ns, tras = 250ns 4

IBB2 VeB Supply Current, Operating,

RAS-Only Refresh, Page Mode 150 300 | pA|Ta =0°C
[[>]ok] Vop Supply Current, RAS-Only 27 | mA|2109-3, trc = 375ns, tras = 200ns

Refresh 26 | mA[2109-4, tac = 410ns, tras = 250ns
Ibps Voo Supply Current, Standby, 1.5 3 | mA|CAS at ViL, RAS at Vi

Output Enabled
Vi Input Low Voltage (all inputs) -1.0 0.8 v
ViH Input High Voltage (all inputs) 2.4 60 | V
VoL Output Low Voltage 0.4 V |loL = 4.2mA
VoH Output High Voltage 2.4 V |loH = -5mA

NOTES:

1. Al voltages referenced to Vss.

2. No power supply sequencing is required. However, Vpp, Vcc and Vss should never be more negative than -0.3V with respectto Vgs as

required by the absolute maximum ratings.

3. Typical values are far Ta = 25°C and nominal supply voltages.

4. See the Typical Characteristics Section for values of this parameter under aiternate conditions.

5. Igc is dependent on output foading when the device outputis selected. Ve is connected to the output buffer only. Vcc may be reduced
to Vss without affecting refresh operation or maintenance of internal device data.
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109 FANVILY

TYPICAL SUPPLY CURRENT WAVEFORMS
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Typical power supply current waveforms vs. time are
shown for the RAS/CAS timings of Read/Write, Read/
Write (Long RAS/CAS), and RAS-only refresh cycles. lop
and las current transients at the RAS and CAS edges
require adequate decoupling of these supplies. Decoup-
ling recommendations are provided in the Applications
section.

CAPACITANCE!"

The effects of cycle time, Vpp supply voltage and ambient
temperature on the ipp current are shown in graphs
included in the Typical Characteristics Section. Each
family of curves for Ipp1, lop2, and Ipp3 is related by a
common point at Vpp = 12.0V and Ta =25°C for two given
tras pulse widths. The typical lpp current for a given
condition of cycle time, Vpp and Ta can be determined by
combining the effects of the appropriate family of curves.

Ta = 25°C, Vpp = 12V+10%, Vcc = 5V£10%, Ve = -5V+10%, Vss = 0V, uniess otherwise specified.

Symbol Parameter Typ. Max. Unit

Ci Address, Data In 3 5 pF

Ciz RAS Capacitance, WE Capacitance 4 7 pF

Cia CAS Capacitance 6 10 pF

Co Data Output Capacitance 4 7 pF
NOTES:

1. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation:
C = 1At with AV equat to 3 volts and pawer supplies at nominal levels.
AV
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A.C. CHARACTERISTICS!"??
Ta =0°Cto 70°C, Vpp = 12V +10%, Vcc = 5V £10%, Ves = -5V +10%, Vss = 0V, unless otherwise noted.
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES

2109-3 2109-4
$6000,S6001 | $6002,S6003

Symbol Parameter Min. Max. | Min. Max. | Unit | Notes

trAC Access Time From RAS 200 250 ns 45

tcac Access Time From CAS 135 165 | ns | 456

tREF Time Between Refresh 2 2 ms

trp BAS Precharge Time 120 150 ns

tCPN CAS Precharge Time(non-pagecycles! 25 25 ns

tcrP CAS to RAS Precharge Time -20 -20 ns

tRCD RAS to CAS Delay Time 25 65 35 85 ns 7

tRSH RAS Hold Time 135 165 ns

tosH CAS Hold Time 200 250 ns

tASR Row Address Set-Up Time 0 Q ns

tRAH Row Address Hold Time 25 35 ns

tasc Column Address Set-Up Time -10 -10 ns

tCAH Column Address Hold Time 55 75 ns

tAR Column Address Hold Time, to RAS i20 160 ns

tr " | Transition Time (Rise and Fall 3 50 3 50 ns 8

toFr Output Buffer Turn Off Delay 0 60 0 70 ns
READ AND REFRESH CYCLES

trRC Random Read Cycle Time 375 410 ns

tRAS RAS Pulse Width 200 10000 | 250 10000 | ns

tcas CAS Pulse Width 135 10000 | 165 10000 | ns

trCs Read Command Set-Up Time 0 o] ns

tRCH Read Command Hotd Time 0 a ns
WRITE CYCLE

tRe Random Write Cycle Time 375 410 ns

trRAs RAS Puise Width 260 10000 | 250 10000 ns

tcas CAS Pulse Width 135 10000 | 165 10060 | ns

twes Write Command Set-Up Time -20 -20 ns 9

tweH Write Command Hold Time 55 75 ns

twer Write Command Hold Time, to RAS 120 160 ns

twp Write Command Pulse Width 55 75 ns

tRWL Write Command to RAS Lead Time 80 100 ns

tcwL Write Command to CAS Lead Time 80 100 ns

tos Data-In Set-Up Time 0 Q ns

toH Data-In Hold Time 55 75 ns

{DHR Data-In Hold Time, to RAS 120 160 ns
READ-MODIFY-WRITE CYCLE

trwe Read-Modity-Write Cycle Time 375 475 ns

tRRW RMW Cycle BAS Puise Width 245 10000 | 305 10000 | ns

tcRw RMW Cycle CAS Pulse Width 180 10000 | 230 10000 | ns

tRWD RAS to WE Delay 160 200 ns 9

tcwp CAS to WE Delay 95 125 ns

Notes: See foilowing page for A.C. Characteristics Notes.
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WAVEFORMS
READ CYCLE tac
tRAS — tap
_ Vig @i
RAS v, \@ }/ \
I . i ;
! H csH : o topy
(&) rewr - T e tReo - i trsH | “ ]
o 7 SR\ ‘
CAS Vi 2 ‘ [
} - R - ! i
tash o | | tran- = et tagc | - tean —— !
I + |

Yy f [ f | coLumn
ADDRESSEVS N ADDRESS ADDRESS | j
n
! 1
‘r—’i‘ﬂcs i l*"] ‘ncn@

— Vin 1 ! r
WE : ;9 b
Vi | 2

! ; tcac |
o e - —-—1tgac ——— —-- ,74,\‘ fe——torF ——
Dour Vou HIGH ® " vauD X ®
Vo IMPEDANCE @ DATA OUT
WRITE CYCLE tre e R
. tRas i tgp— el
v, ;
J— ko ON
“Ne / \
(8)tcrr —= 0 tesh - - e e -
} ‘ trRep—— ‘ —‘;- tagH— L
v, T \ i |
W ©) tcas i
= ___/ N\\NE |
, e - — AR - 1
TASR 7.‘»# - tRAH—™ tagg — e e topH ———| :

Vin X T !
1 ROW COLUMN
ADDRESSES PN ( x
| ADDRESS ADDRE :
Vi @J . s I

[ — 1 R Tewe T -
Vin f \?:f twes—| - twew /
3 al P
W Vi @ h . 3’
twer ——
‘r«@ tpg i e xm@—.\
Vin 7 X
X X
VIL \ f
- 'DHR
o Vou HIGH
our VoL IMPEDANCE
NOTES: 1,2 Vi win AND V)i max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
34.Vgn wi AND Vo max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doy
5. torF IS MEASURED TO loyT = llLol
6. 1ps AND oy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST.
7. taew 1S REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.
8. tenp REQUIREMENT 1S ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY ACAS-
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).
A.C. CHARACTERISTICS NOTES (From Previous Page)
1. All voltages referenced to Vss. 7. trch (max.}is specified as a reference point only; if trco is less
2. Eight cycles are required after power-up or prolonged periods than trep (max.) access time is trac, if tRcp is greater than trco
(greater than 2ms) of RAS inactivity before proper device (max.) access time is trcD + tcac.
operation is achieved. Any 8 cycles which perform refresh are 8. tT is measured between Vi (min.) and ViL (max.).
adequate for this purpose. 9. twcs, towp and trwp are specified as reference points onty. If
3. A.C. Characteristics assume 11 = 5ns. twes = twes (min.) the cycle is an early write cycle and the data
4. Assume that trcp < trcp (max.). If tRcD is greater than trcd out pin will remain high impedance throughout the entire
(max.) then trac will increase by the amount that tacp exceeds cycle. If tcwp = towp (min.) and tawp = tRwD (min.), the cycle s
trco (max.). a read-modify-write cycle and the data out will contain the data
5. Load = 2 TTL loads and 100pF. read from the selected address. !f neither of the above
6. Assumes trcD = trReD (max.). conditions is satisfied, the condition of the data out is

indeterminate.
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WAVEFORMS

READ-MODIFY-WRITE CYCLE
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; .8}
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[
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2
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HIDDEN REFRESH CYCLE

=)
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o)
2

e

[R—

Tcas }
i
i

H
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| P L._.‘, tRaw
- s

v
ADDRESSES

tasr —=
ROW ROW
DDRESS ADDRESS

WE

Dayr

NOQTES:

‘_+‘RCM @
4 frmm |
| —tore
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VALID DATA ®

3.4. Vou min AND Vg max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dgyp

o

LRE

torF ISMEASURED TO oyt -
tps AND tpy ARE REFERENCED TO CAS OR WE. WHICHEVER OCCURS LAST.

tacn 1S REFERENCED TO THE TRAILING EDGE OF CAS DR RAS, WHICHEVER OCCURS FIRST
- tcrp REQUIREMENT 1S ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-

llLot-

ONLY CYGCLE (i.e.. FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS)
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TYPICAL CHARACTERISTICS"

tpac (Vpo)/trac (Vpp = 12.0V}

25 C)

trac (Tal/trac (Ta

Ippz — SUPPLY CURRENT (mA)

GRAPH 1
TYPICAL ACCESS TIME
tpac (NORMALIZED) VS. Vpp
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GRAPH 4
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GRAPH 7
TYPICAL OPERATING CURRENT
'pp2 VS. tRC
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1pp2 — SUPPLY CURRENT (mA)

GRAPH 2
TYPICAL ACCESS TIME
trac (NORMALIZED) VS. Vgg

GRAPH 3
TYPICAL ACCESS TIME
tRAC (NORMALIZED] VS. Veo
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GRAPH 8 GRAPH 9
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NOTES: See following page for Typical Characteristics Notes.
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TYPICAL CHARACTERISTICS !

SUPPLY CURRENT (mA)

ipp3

Ippa — SUPPLY CURRENT (mA)

lop — OUTPUT SOURCE CURRENT (mA}

GRAPH 10
TYPICAL RAS ONLY
REFRESH CURRENT

IpD3 VS. tRC
S0 T -
Ta Z;s¢c
Vv =12.0v
0 vs;’: 5.0V
30— J‘
\
|
20 + -
! i
\ i
1 = 500ns
10 \ .RAS
1Ras = 200ns
[}
200 400 600 800 1000
tac — CYCLE TIME (ns)
GRAPH 13
TYPICAL PAGE MODE CURRENT
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GRAPH 16
TYPICAL OUTPUT SOURCE CURRENT
IoH VS. OUTPUT VOLTAGE Vg
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GRAPH 11
TYPICAL RAS ONLY
REFRESH CURRENT
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GRAPH 14
TYPICAL PAGE MODE CURRENT
Ippa VS. Vpp
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GRAPH 17
TYPICAL OUTPUT SINK CURRENT
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GRAPH 15
TYPICAL PAGE MODE CURRENT
IDD4 VS. AMBIENT TEMPERATURE
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NOTES:

1.

GRAPH 12
TYPICAL RAS ONLY
REFRESH CURRENT
Ipp3 VS. AMBIENT TEMPERATURE

The cycle time, Vpf supply voltage, and
ambient temperature dependence of Ipp1,
IDD2. 'DD3 and Ippg is shown in related
graphs. Common points of related curves
are indicated:

® Ipp1@Vpp=13.2V,Ta=0C

B Ippoor Ipp3 @ tRas = 200ns, tRe =
375ns, Vpp = 12.0V, Ta = 25°C

& Ippoorlpp3 @ tgas = 500ns, tRe =
750ns, Vpp = 12.0V, T = 25°C

O Ippg @ 1cas = 1356ns, tpe = 225ns,
Vpp = 12.0V, Tp =25"C

A Ippg @ tcag = 350ns, tpe = 500ns,
Vpp = 12.0V, Ta =25°C

The typical Ipp current for a given com-

bination of cycle time, Vpp supply

voltage and ambient temperature may be

determined by cambining the effects of

the appropriate family of curves.
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D.C. AND A.C. CHARACTERISTICS, PAGE MODE "%
Ta = 0°C to 70°C, Vbop = 12V+10%, Voc = 5V+10%, Ves = -5V1£10%, Vss = 0V, unless otherwise noted.
For Page Mode Operation order: 2109-3* S6064, S6065 or 2109-4™ S6066, S6067.
2109-3 2109-4
$6064,56065 $6066,56067
Symbol Parameter Min. Max. Min. Max. Unit Notes
trc Page Mode Read or Write Cycle 225 275 ns
trcm Page Mode Read Modify Write 270 340 ns
tcp CAS Precharge Time, Page Cycle 80 100 ns
tapMm RAS Pulse Width, Page Mode 200 | 10,000 | 250 |10,000 ns
tcas CAS Pulse Width 135 10,000 165 10,000 ns
IDD4 Vpp Supply Current Page Mode, 30 26 mA 9
Minimum tec, Minimum tcas
*$6064, S6066: A6 at VIH during Row Address Valid.
$6065, S6067: A6 at VIL during Row Address Valid.
WAVEFORMS
PAGE MODE READ CYCLE
tapm
le— thg —=|
—— Ve
Vi - t® PR—
tcsh thsH —————= [+ tRp
@mnp» — tre
[+— tRcD tcas [ tcp = fe— tcas E‘cns—} teen
— Vine =
Cas VlL_/ l © \ ® 7 Sl‘ \ \_
I 1
——ﬁ— tRAH r~—>~ teaH toan toaH
tASRﬂL ‘bLl‘ASC ‘nsc—’ﬂ 4}— tasc —] fa—
ADDRESSES \\’/': @X Row X pees AdD X X ADD
® ' -
I P b | 1
‘RCS—’i L @ TRCH —o{|*— Res treH —= r;-:‘ e Res tRCH —- ,«—
- / \/ N
E
i
Lﬁ‘j:j"l . fe— tcac fe—-tcac
[ tRac OFF tors toFF

®

o Vou @]
ouT o, o)
NOTES: 1.2. Vi min AND Yy max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.

34,

©®mN® !

Vou min AND Vo max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doy
torf ISMEASURED TO loyt *- llLol-

. taew 1S REFERENCED TO THE TRAILING EDGE OF TAS OR RAS, WHICHEVER OCCURS FIRST.

ALL VOLTAGES REFERENCED TO Vss.
AC CHARACTERISTIC ASSUME ty = 5ns.
SEE THE TYPICAL CHARACTERISTICS
UNDER ALTERNATE CONDITIONS.

SECTION FOR VALUES OF THIS PARAMETER

. tcre REQUIREMENT 1S ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-

ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).

. ALL PREVIOUSLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR

RESPECTIVE PAGE MODE DEVICE (i.e., 2109-3, 56064 OR S6065 WILL OPERATE AS A 2109-3).
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PAGE MODE WRITE CYCLE

AS Vi @}
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[t tcan tcan tcan
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| <t
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NOTES:

1.2 Y nin AND V(| max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.

34 Vou min AND Vo, wax ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dgyr.

5. torF IS MEASURED TO lgut

ol

6. tps AND tpy ARE REFERENCED TO CAS DR WE, WHICHEVER OCCURS LAST.
7.tcpp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-
ONLY CYCLE {i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).
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APPLICATIONS

The 2109 is packaged in a standard 16-pin DIP by
multiplexing 14 address bits onto 7 input pins (Ag-Ag). The
7 bit address words are latched into the 2109 by two TTL
clocks, Row Address Strobe (RAS} and Column Address
Strobe (CAS). Since the 2109 is an 8K memory device, only
13 of the 14 address bits are required and the 14th address
bit must be at Vi (for S6000, S6002, S6064 or S6066) or ViL
(for S6001, S6003, $6065 or S6067) during Row Address
Valid. This means it is not possible to simply tie input pin
Ae high or low, since it supplies two system addresses to
the memory array. Input pin Ag must be at the appropriate
level {determined by the “S”-specification) during the row
address valid period and then changed to the proper high
order address during the column address valid period.

READ CYCLE

A Read cycle is performed by maintaining Write Enable
(WE) high during a RAS/CAS operation. The output pin of
a selected device will remain in a high impedance state
until valid data appears at the output at access time.

Device access time,
calculated intervals:

tacc, is the longer of the two

1. tacc = trac OR 2. tacc = trcp + tcac

Access time from RAS, trac, and access time from CAS,
tcac, are device parameters. Row to column address
strobe delay time, trcp, are system dependent timing
parameters. For example, substituting the device para-
meters of the 2109-3 yields:

3. tacc = tRAC = 200nsec for 25nsec <trcp<65nsec
OR
4. tacc = tRco + tcac = trep + 135 for trep > B5nsec

Note that if 25nsec <trcp <65nsec device access time is
determined by equation 3 and is equal to trac. If tRcL
>65nsec, access time is determined by equation 4. This
40nsec interval (shown inthe trop inequality inequation 3}
in which the falling edge of CAS can occur without
affecting access time is provided to aliow for system
timing skew in the generation of CAS.

REFRESH CYCLES

Each of the 64 rows of the 2109 must be refreshed every 2
milliseconds to maintain data. Any memory cycle:

1. Read Cycle
2. Write Cycle (Early Write, Delayed Write or Read-
Modify-Write}
3. RAS-only Cycle
refreshes the selected row as defined by the low order
(RAS) addresses. As must be held at the proper level (Vin
or ViL depending on specification) to perform 64 cycle
refresh operation, but may be driven high and low for 128
cycle RAS-only refresh without affecting device data
retention. Any Write cycle, of course, may change the
state of the selected cell. Using a Read, Write, or Read-
Modify-Write cycle for refresh is not recommended for
systems which utilize “wire-OR" outputs since output bus
contention will occur.

A RAS-only refresh cycle is the recommended technique
for most applications to pravide for dataretention. A RAS-
only refresh cycle maintains the Dout in the high
impedance state with a typical power reduction of 20%
over a Read or Write cycle.
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RAS/CAS TIMING

RAS and CAS have minimum pulse widths as defined by
trAas and tcas respectively. These minimum pulse widths
must be maintained for proper device operation and data
integrity. A cycle, once begun by driving RAS and/or CAS
low must not be ended or aborted prior to fulfilling the
minimum clock signal pulse width(s). A new cycle can not
begin until the minimum precharge time, trp, has been
met.

DATA OUTPUT OPERATION

The 2109 Data Output (Dout), which has three-state
capability, is controlled by CAS. During CAS high state
(CAS at Vi) the output is in the high impedance state. The
following table summarizes the Dout state for various
types of cycles.

Intel 2109 Data Output Operation
for Various Types of Cycles

Type of Cycle Dour State

Read Cycle Data From Addressed
Memory Cell

Fast Write Cycle HI-Z

RAS-Only Refresh Cycle | HI-Z

CAS-Only Cycle Hi-Z

Read/Maodify/Write Cycle | Data From Addressed
Memory Cell

Delayed Write Cycle Indeterminate

HIDDEN REFRESH

A feature of the 2109 is that refresh cycles may be
performed while maintaining valid data at the output pin.
This feature is referred to as Hidden Refresh. Hidden
Refresh is performed by holding CAS at Vi and taking
RAS high and after a specified precharge period Itrp),
executing a “RAS-Only” refresh cycle, but with CAS held
low {see Figure below).

. MEMORY | REFRESH
CYCLE CYCLE

RAS

HIGH Z
Dour —(

This feature altows a refresh cycle to be “hidden” among
data cycles without affecting the data availability.

CAS

/__
>_

DATA

POWER ON

The 2109 requires no power on sequence providing
absolute maximum ratings are not exceeded. After the
application of supply voltages or after extended periods of
bias (greater than 2 milliseconds) without clocks, the
device must perform a minimum of eight initialization
cycles (any combination ofcyclescontammgaRAS clock,
such as RAS-Only refresh) prior to normal operation.
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POWER SUPPLY DECOUPLING/DISTRIBUTION

it is recommended that a 0.1uF ceramic capacitor be
connected between Vpp and Vss at every other device in
the memory array. A 0.1uF ceramic capacitor should also
be connected between Vgp and Vss at every other device
(preferably the alternate devices to the Vpp decoupling).
For each 16 devices, a 10uF tantalum or equivalent
capacitor shouid be connected between Vpp and Vss near
the array. An equal or slightly smaller bulk capacitor is
also recommended between Vs and Vss for every 32
devices.

The Vcc supply is connected only to the 2109 output
buffer and is not used internally. The load current from the
Vcc supply is dependent only upon the output loading and
is associated with the input high level currentto a TTL gate
and the output leakage currents of any OR-tied 2109's
(typically 100uA or less total). Intel recommends thata 0.1
or 0.01uF ceramic capacitor be connected between Vcc
and Vss for every eight memory devices.

Due to the high frequency characteristics of the current
waveforms, the inductance of the power supply distribu-
tion system on the array board should be minimized. It is
recommended that the Vop, Vas, and Vss supply lines be
gridded both horizontally and verticaily at each device in
the array. This technique allows use of double sided
circuit boards with noise performance egual to or better
than multi-layered circuit boards.

o n o Voo

Ve

k.o_g_L/VSS

o W =

4 3 - CAS

o0  uE

© Y ¢ As_

A/_&_\éRAS

-

/“°"§\A:

‘:/-&—QQAZ

F.1 o N A

P ;- \A-.

: k 0 D \VDD

- e Veo

°©o W o W %v;

o 00 ¥ 00 Vag
- Nandl - A Nt -
i
838235830882

DECOUPLING CAPACITORS
D=0.1uF TOVpp TO Vgg
B8 =0.1uF Vgg TO Vgg

C = 0.01uF Voo TO Vgg

SAMPLE P.C. BOARD LAYOQUT EMPLOYING VERTICAL
AND HORIZONTAL GRIDDING ON ALL POWER SUPPLIES.
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8K UPGRADE FOR 4K SYSTEMS

The 2109 can be used to upgrade existing 4K (Intel 2104A)
memory systems with minimal redesign. The 2109
maintains many of the features of the 4K RAMs. For
example, the latched data output of the 4Ks can be
emulated by holding CAS low to maintain data out valid.
Hidden refresh capability for the 4Ks is also maintained
with the 2109. The 64 cycle refresh operation of the 2109
makes it compatible with 4K systems.

To upgrade a 4K system to accept the 2109, an extra
memory address multiplexer must be implemented to
reptace the Chip Select {CS) input of the 4Ks. The
replacement circuitry is shown in the figure below, and
involves some gating to control the output of the
multiplexer during row and column address valid periods
and also some control to handle the multiplexer during
refresh operation.

COLUMN
ENABLE

Ag ICS)
TO MEMORY
ARRAY

ADDR 12




