
2164A FAMILY 
65,536 x1 BIT DYNAMIC 'RAM 

Maximum Access Time (ns) 

Reael, Write Cycle (ns) 

Page Mode Read, Write Cycle (ns) 

• HMOS·D III technology 

• Low capacitance, fully TTL compatible 
inputs and outputs 

• Single + 5V supply, ::t 10% tolerance 

• 128 refresh cycle/2 ms RAS only 
refresh 

• Compatible with ttJe 2118 

2164A·15 2164A·20 

150 200 

260 330 

125 170 

• Extended page mode, read·modify· 
write and hidden refresh operation 

• Inputs allow a - 2.0V negative 
overshoot 

• Industry standard 16·pinDIP 

• Compatible with Intel's micropro· 
cessors and DRAM controllers 

The 2164A is a 65,536 word by 1-bit N-channel MOS dynamic Random Access Memory fabricated with Intel~s HMOS-D III 
technology for high system performance and reliability. The 2164A design incorporates high storage cell capacitance 
to provide wide internal device margins for reduced noise sensitivities and more reliable system operation. Moreover, 
high storage cell capacitance results in low soft error rates withoutthe need for adie coat. HMOS-D III process employs 
the use of redundant elements. 
The 2164A is optimized for high speed, high performance applications such as mainframe memory, buffer memory, 
microprocessor memory, peripheral storage and graphic terminals. For memory intensive microprocessor applications 
the 2164A is fully .compatible with Intel's DRAM controllers and microprocessors to provide a complete DRAM system.' 
Multiplexing the 16 address bits into the 8 address input pins allows the 2164A to achieve high packing density. The 16 
pin DIP provides for high system bit densities, and is compatible with widely available automated testing and insertion· 
equipment. The two 8-bit TTL level address segments' are latched into the 2164A by the two TTL clocks, Row Address 
Strobe (RAS) and Column Address Strobe (CAS). Non-critical timing requirements .for the RAS and CAS clocks alloW the 
use of the address multiplexi'ng technique while maintaining high performance. 
The non-latched, three state;TTL compatible data output is controlled .Ql..9AS, independent of RAS. After a valid read or 
read-modify-write cycle, data is held on the data output pin by holding CAS low. The data output is returned to a high im
pedance staJe,!!l.!:.eturning CAS to a high state. Hidden refresh capability allows the device to maintain data at the out
put ~Iding CAS Ic:>w while RAS, is usedto execute RAS·only refresh cycles. Refreshing is accomplished by perform
ing ~AS-only cycles, hidden refresh cycles, or normal read or write cycles on the 128 address combinations of 
addresses Ao through As, during a 2 ms period. 
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, inter 2164A FAMILY 

ABSOLUTE MAXIMUM RATINGS· • COMMENT: 

Ambient·Temperature 
Under Bias .................. -1O°Cto +80°C 

Storage Temperature .. Cerdip - 65°C to +. 150°C 
Plastic -55°Cto'+125°C 

Voltage on Any Pin except VDD 
Relative to Vss .................. - 2.0Vt07.5V 

Voltage on VDD Relative to Vss .. ',' - 1,OV to 7.5V 

Data Out Current ........... , .......... 50 rnA 
Power Dissipation ...................... 1.0 W 

D.C. AND OPERATINGCHARACTERISTICS[1] 

Stresses above those listed under "Absolute Maximum Rating" 
may cause permanent damage to the device. This is a stress 
rating only ,and functional operation of the device at these or at 
any other condition above those indicated in the operational 
sections of this'specification is 'no/ implied. Exposure to ab
solute maximum rating conditions. for extended periods may 
affect device reliability. 

TA= O°C to 70°C, VDD = 5V ± 10%, VSS ~ OV, ul'!less otherwise noted. 

Limits 

Symbol Parameter Min_ TypJ2] Max. Unit Test Conditions Notes 
IILI! ". Input Load Current (any input) 10 /lA VIN = Vss to Voo 

IILOI 
Output Leakage Current for 10 ' /lA 

Chip Deselected: CAS at VIH , 
High Impedance State DOUT = 0 to 5.5V ' 

1001 Voo Supply Current, Standby 3 5 mA CAS and RAS at VIH 

42 55, mA 2164A-15; tRC= tRCMIN 3 
1002 Voo Supply Current, Operating 

33 45 mA 2164A-20, tRC= tRCMIN 3 

Voo Supply Current, RAS-Oilly 30 45 mA 2164A-,15, IRC = tRCMIN 
1003 Cycle 24 40 rnA 2164A-20, tRC = tRCMIN 

1005 
Voo Supply Current, Standby 6 mA CAS atVIL',RAS atVIH 3 
Output Enabled 

VIL Input Low Voltage (ali inputs) ..,.1.0 0.8 V .' ,4 

VIH Input High Voltage (all inputs) 2.4 7.0 V . 

VOL Output Low Voltage 0.4 V IOL=4.2 mA 5 

VOH Output High Voltage 2.4 V 10H= -5 mA 5 

NOTES: 
1. All voltages referenced to Vss' 
2. Typical values are for TA = 25·C and nomi.nal supply voltages. 
3. 100 is dependent on output loading when the device output is selected. Specified 100 MAX is measured with the output open. 
4. Specified V,L MIN is for steady state operati!:>n. During trahsitions the inputs may overshoot to - 2.0V for periods not to exceed 20 ns. 
5. Test conditio'ns apply c:mly for D,C.~haracteristics. A.C. parameters specified with a load equivalent t02 TTL loads and 100 pF. 

CAPACITANCE[1] 
TA = 25°C, VDD = 5V ± 10%, VSS = OV, 
unless otherwise noted. 

Symbol Parameter Typ. 

C11 Address, Data In 3 
C12 WE, Data Out 3 

C13 RAS, CAS 4 

Max. Unit 

5 pF 

6 pF 

8 pF 

NOTES: 
1. Capacitance measured with Boonton Meter or effective, 

capacitance calculated from the equation: 

3·220 

C= lolt 
olV 

with olV equal to 3 volts and power supplies at nominal 
levels. 



2164A FAMILY 

A.C. CHARACTERISTICS [1,2,3) 

TA = O·C to 70·C, Vee = 5V ± 10%, Vss = OV, unless otherwise noted. 

READ, WR[TE, READ·MODIFY·WRITE AND REFRESH CYCLES 

;l164A·15 
Symbol Parameter Min. Max. 

tRAC Access Time From RAS 150 

tCAC Access Time From CAS 85 

tREF Time Between Refresh 2 

tRP . RAS Precharge Time 100 
tCPN c-AS Precharge Time (non·page cycles) 25 
tCRP CAS to RAS Precharge Time -20 

tRCD RAS to CAS Delay Time 30 65 

tRSH RAS Hold Time 85 

tCSH CAS Hold Time . 150 

tAsA Row Address Set·Up Time 0 
tRAH Row Address Hold Time 20 

tASt: Column Address Set·Up Time 0 

tCAH Column Address Hold Time 25 

tAR Column Address Hold Time to RAS 90 

tT Transition time (Rise and Fall) 3 50 

tOFF Output Buffer Turn Off Delay 0 30 

READ AND REFRESH CYCLES 

tRC Random Read Cycle Time 260 

tRAS RAS Pulse Width 150 10000 

tCAS ,CAS Pulse Width 85· ,,10000 

tRcs Read Command Set·Up Time 0 

tRCH Read Command Hold Time referenced to CAS 5 

, tRRH Read Command Hold Time referenced to FrAS 20 

NOTES: 
1. All voltages referenced 10 Vss. 

2164A·20 
Min. Max. ,U"lt Notes 

200 ns '4,5 
120 ,ns 5,6 
2 ms 

120 ns 

35 ns 

-20 ns 

35 80 ns 7 
120 ns 

200 ns 

0 ns 

25 ns 

0 ns' 

30 ns 

110 ns 

3 50 ns 8 
0 40 ns 

330 ns 

200 '10000 ns 

120 10000 ns 

0 ns 

5 ns 9 

20 ns 9 

2. An initial pause of SOO I'S is required after power up followed by a minimum of eight (8) initialization cycles (any combination of 
cycles containing a RAS clock such as RAS·only refresh). 8 initialization cycles are required aflerextended perlodspf bias (greater 
than 2 ms) without clocks. , ' 

3. A.C. Characteristics assume tT = 5 ns. 
, 4. Assumes that tACO S IACO(max). If tACO is greater than tACo(max) then t AAC will increase by the amount that tACO exceeds IACO(niax). 

5. Load = 2 TIL loads and 100 pF. " , 
6. Assumes.!RCo",tACO(max). , 
7. tACO(max) is specified as a referenc'e point only. If tACO is less than tRCO(max) access time is t AAC' If tACO is greater ihan tACO(max) 

access time is tACO + tCAC' tAc~(min) = tRAH + tAsc +. t~ + tT (tT'" 5 ns). . 
8. tT is measured between V1H(mln) and V1dmax). 
9. Either tACH or tAAH must be satisfied. 
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intel 

A.C. CHARACTERISTICS (con't.) 

WRITE CYCLE 

'Symbol Parameter' 

tRC' Random Write Cycle Time 

tRAS RAS Pulse Width 

tCAS' CAS Pulse Width " 

'twcs Write 'Command Set-Up Time 

tWCH Write Command Hold Time 

tWCR Write Command Hold Time to RAS 

twp Write Command Pulse Width 

tRWL Write Command to RAS Lead Time 

tcwL ' Write Command to CAS Lead Time 

tos Data'lnSet-Up Time 

tOH Data-In Hold Time 

tOHR Data-In Hold Time to RAS 

READ·MODIFY·WRITE CY~LE , 

t RWC Read-Modify-Write Cycle time 

tRRW RMW Cycle RAS Pulse Width 

tCRW RMW Cycle CAS Pulse Width 

tRWO RAS to WE Delay 

tcwo CAS to WE Delay 
" 

NOTES: 

2164A FAMILY 

2164A·15 2164A·20 
Min. Max. Min. Max. Unit Notes 

260 330 ns 

150 10000, 200 10000 ns 

85 10000 120 10000 ns 

-10 -10 ns 10 
30 40 ,ns 

95 120 ns 

30 40 ns 

40 50 ns 

40 50 ns 

0 0 lis 

30 40 .':. ns 

95 120 ns 

280 355 ns 

170 10000 225, 10000, ns 

105 10000 145 10000 ns 

125 170 ns 10 
60 90 ns 10 

10. Iwcs', lewD and t RWD arEr~pecified as reference points only. Iftwes:e:lwes(min) the cycle is an early write cycle and the data out 
pin ~ill remain,high impedance throughout the entire cycle. If tewD:e: tewo(min) and tRWD:e: tRWD(min) the cycle is' a read·modify
write cycle and the data out will contain the data read from the selected address, If neither of the above conditions is satisfied, 
the c'ond,ition of the' data out 'is iDdeterminate, " ' 
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WAVEFORMS 

WRITE CYCLE 
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2164A FAMILY 

I" 
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0'''1 - '" 0 
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v" 
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IMPEDANCE 0 
OATAOUT ,.;. 

NOTES: 1,2. V,H MIN and V,L MAX are' reference levels for measuring timing of input signals. 
3,4. VOH MIN and VOL MAX are reference levels for measuring timing of DOUT ' 

5. tOFF is measured to lOUT'" IILol· 
6. t DS and tDH are referenced to CAS or WE, whichever occurs last 
7. teRP requirement is only applicable for AASfCAS cycles preceeded by a CAS-only cycle (i.e., for systems where CAS 

has not been decoded with AAS). 
8. Either tRCH or tRRH must be satisfied. 
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WAVEFORMS 

RAS-ONL Y REFRESH CYCLE 

�----------------------.~-------------------------I 
.~.----jl- ... -j 
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ADDRESSES 

V" 

V. 

WE 
V. I. _I .~, 

__ tOFl' 

V~ 

D~, 

V" 

f )® ------------~\~~~~ _________________ ~_LlD~~DA-TA------------------~-r.-------

NOTES: 1,2. VIH MIN and VIL MAX are reference levels for measuring timing of input signals. 
3,4. VOH MIN and VOL MAX are reference levels for measuring timing of DouT. 

5. tOFF is measured to 10UT:sIILOI. 
6. tos and tOH are referenced to CAS or WE, whichever occurs last .. 
7. tCAP 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). . 
8. Either tACH or tAAH must be satisfied. 
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2164A FAMILY 

. D.C. AND A.C. CHARACTERISTICS, PAGE MODE [6,7,11) 

TA = O°C to 70°C, VDD = 5V ± 10%, Vss = OV, unless otherwise noted. 

2164A·15 2164A·20 
Symbo) Parameter Min. Max. Min. Max. Unit Notes 

tpc Page Mode Read or Write Cycle 125 170 ns 

tpCM Page Mode Read Modify Write 145 195 ns 

tcp CAS Precharge Time, Page Cycle 30 40 ns 

tRPMl RAS Pulse Width, Page Mode 10000 10000 ns 

tCAS CAS Pulse Width 85 10000 120 10000 ns 

1004 
Voo Supply Current Page Mode, 40 35 mA 8 
Minimum tpc, Minimum tCAS 

. 
EXTENDED PAGE MODE[11,12) 

2164A:15 2164A·20 
S6493 S6494 

Symbol Parameter Min. Mal;C~ Min. Max. Unit Notes 

tRPM2 RAS Pulse Width, Extended Page Mode 75000 75000 ns 

WAVEFORMS 

PAGE MODE READ CYCLE 

~ '" 
V1HC 

RAS 
v" k 

I RSH ., 

V1HC 

CAS 
v" 

tCAS .. f-l tCPN , 

II '-
I'i 

v" 
ADDRESSES 

v" 
, 

tRRH @ ", ,-
I- IR~H @ 

VltlC 

WE 
v" 

°OUT vO" 

vo, 

t CAC f4 tCAe 
.. I i. tOFF 

t CAC 

b tOFF tOFF 

NOTES: 1,2. V,H MIN and. V,L MAX are reference levels for measuring timing of input signals. 
3,4. VOH MIN and VOL MAX are reference levels for measuring timing of DOUT ' 

5. tOFF is measured to lOUT eo IILOI. 
6. All voltages referenced to Vss. 
7. A.C. characteristic assume tT = 5 ns. 
8. See the typical characteristics section for v.alues-of this parameter under. alternate conditions. 
9. tCRP requirement is only applicable for.RAS/CAS cycles preceeded by a CAS·onlycycle (i.e" for systems where CAS 

has not been decoded with RAS). 
10. Either tACH or tRRH must be satisfied. 
11. All previously specified A.C. and D.C. characteristics are applicable. 
12. For extended page mode operation, order 2164A·15 S6493. 2164A·20 S6494. 
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WAVEFORMS 

PAGE MODE WRITE CYCLE 

VrHC 
RAS 

v" 

CAS 
"tHe 

V" 

ADDRESSES 
V," 

V" 

WE 
V1He 

v" 

v" 
0," 

v" 

PAGE MODE READ·MODIFY·WRITE CYCLE 
~ ___________________________________ t~. ____________________________ ~ 

RAS 
v. 
V. 

C!)ICAP 

CAS v" 
V. 

ADDRESSES v. 

v" 

WE v" 
v. 

v" 
0. 

v" 

Ow. v" 
v~ 

tRAe 

HIGH (j) 

IMPEDANCE C!J 

t~ 

t.,~ 

VAL.ID 
DATA OUT 

~ ____ b---~~L-'O~~:-~ DATA OUT }--

NOTES: 1,2. V,H MIN and V,L MAX are reference levels for measuring timing of input signals. 
3,4: VOH MIN and VOL MAX are reference levels for measuring timing of DOUT ' 

5. tOFF is measured to 10UT:S; IILOI. 
6. t DS and tDH are referenced to CAS or WE, whichever occurs last. 
7. tCAP requirement is only applicable for RASfCAS cycles preceeded by a CAS'only cycle (i.e .. for systems where CAS 

has not been decoded with RAS). 
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TYPICAL SUPPLY CURRENT WAVEFORMS 
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Typical power supply waveforms vs. time are 
shown for the RAS/CAS timings of Read/Write, 
Read/Write (long RAS/CAS), and RAS-only refresh 
cycles. 100 current transients at the RAS and CAS 
edges require adequate decoupling of these sup
plies: 

The effects of cycle time; Voo supply voltage and 
ambient temperature on the 100 current are shown. 

TIME (os) 

in graphs included in the Typical Characteristics 
Section. Each family of curves for 1001,1002, and 
1003 is related by a common point at Voo·= 5.0V 
and TA = 25 DC for tRAS = 150 ns and tRe = 260 ns. 
The typical 100 current for a given condition of cy
cle time, Voo and TA, can be determined by com
bining the effects of the appropriate family of 
curves. 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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DEVICE DESCRIPTION 

The Intel 2164A is produced with HMOS,D III, a 
high performance MOS technology which incor
porates redundant elementS. This process, com
bined with new.circuit design concepts, allows the 
2164A to operate from a single + 5V power supply, 
eliminating the + 12V and -' 5V requirements. Pin 
1 is not connected, which· allows P.C.B.layout for 
future higher density memory generations. 

The 2164A is functionally compatible with the 
2118, the industry standard 5V-only 16-pin 16K 
dynamic RAM. This allows simple upgrade from 
16K to 64K density merely by adding one addi
tional multiplexed address line. 

RAS/CAS Timing 

RAS and CAS have minimum pulse widths as 
defined by tRAS and tCAS respectively. These 
minimum pulse widths must be maintained for 
proper device operation and data integrity. A cy
cle, once begun by bringing 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. 

Read Cycle 

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

Write Cycle 

A Write cycle is performed by taking WE low dur
ing a RAS/CAS operation. Data Input (DIN must be 
valid relative to the negative edge of WE or CAS, 
whichever transition occurs last. 

Refresh Cycles 

There are. 512 sense amplifiers, each controlling 
128 storage cells. Thus, the 2164A is refreshed 'in 
128 cycles. A.ny combination of the seven (7) low 
order Row Addresses RAo through RA6, will select 
two rows of data cells (256 cells/row). Row address 
7 is not critical during a refresh operation and can 
be either high or low. Although any cycle, Read, 
Write, Read-Modify-Write, or RAS-only, will refresh 
the memory, the RAS-only cycle is recommended, 
since itallows about 20% system power reduction 
over the other types of cycles. 

Hidden Refresh 

A standard feature of the 2164A is that refresh 
cycles may be performed while maintaining valid 
data at the output pin. This is referred to as Hidden 
Refresh. Hidden Refresh is performed by holding 
CAS at VIL and taking RAS high and, after a 
specified precharge period (tRP). executing a 
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"RAS-Only" refresh cycle, but with CAS held low 
(see figure below). 

Dour HIGHZ ( >---~~~~ _______ D_AT_A __ ~ __ ~ 

This feature allows a refresh cycle tobe "hidden" 
among data cycles without affecting the data avail
ability. The part will be internally refreshed at the· 
row addressed at the time of the second RAS. 

Data Output Operation 

The 2164A Data Output (Dour), which has three
state capability, is controlled by CAS. During CAS 
high state (CAS at VIH), the output is in the high im
pedance state. The following table summarizes 
the Dour state for various types of cycles. 

Intel® 2164A Data Output Operation 
for Various Types of Cycles 

Type of Cycle Dour State 

Read Cycle Data from Addressed 
Memory Cell 

Early Write Cycle Hi-Z 
RAS-Only Refresh Cycle Hi-Z 

CAS-Only Cycle Hi-Z 
Read-Modify-Write Cycle Data from Addressed 

Memory Cell 
Delayed Write Cycle Indeterminate 

Power On 

An initial pause of 500 /Ls is required after the appli
cation of the Voo supply, followed by a minimum 
of eight (8) initialization cycles (any cpmbination 
of cycles containing a RAS clock such as RAS-only 
refresh). 8 initialization cycles are required after 
extended periods of bias (greater than 2 ms) with
out clocks. The Voo current (100) requirement of 
the 2164A during power on, is however, depend
ent upon the input levels of RASand CAS and the 
rise time of Voo shown in Figure 1. 

If RAS = Vss during power on, the device may go 
into an active cycle and 100 would show spikes 
similar to those shown for.the·RAS/CAS timings. It 

is recommended that RAS and CAS track with Voo 
during power on or be held at a valid VIH. 

Voo RISE TIME = 10,,5 Voo RISE TIME: 1001.S 

~::k1 I ~~:kP """---1...-_.1.1_-,---, 
5 

f\ 
I \. 
I RAS=VOD 

1 / 

CASt=Voo 

Ij 

4 

3 

2 
/ RAS= Voo 

1 I CASTVOD 

0/ 
10 20 30 40 50 100 150 200 

TIME (},s) TIME ~,s) 

Figure 1. Typical 100 vs. Voo During PowerUp 

Page Mode Operation 

Page Mode operation allows additional columns 
of the selected device to be accessed at the com
mon row address set. This is done by maintaining 
RAS low while successive CAS cycles are per
formed. 

Page Mode operation allows a maximum data 
transfer rate as Row addresses are maintained in
ternally and do not have to be reapplied. During 
this operation, Read, Write and Read-Modify-Write 
cycles are possible. Following the entry cycle into 
Page Mode operation, access is tCAC depE;lndent. 
The Page Mode cycle is dependent upon CAS 
pulse width (tCAS) and the CAS precharge period 
(tcp)· 

Extended Page Mode Operation 

An optional feature of the 2164A is extended page 
mode operation which allows an entire page (row) 
of data to be read or written during a single RAS 
cycle. By providing a fast tpc and long RAS pulse 
width (tRPM2), the 2164A-15 S6493 permits transfers 
of large blocks of data, such as required by bit
mapped graphic applications. 

SYSTEM DESIGN CONSIDERATIONS 

Ground and Power Gridding 
Ground and power gridding can contribute to ex
cess noise and voltage drops. An example of an 
unacceptable method is presented in Figure 2. 
This type of layout results in accumulated tran
sient noise and voltage drops for the device 
located at the end of each trace (path). 

3-230 
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.!.. .!.. 
~ c:=J 1 ~ I 2184A ~ 

I ~ 1 ' ~ 1 ~ 1 ~, 

1 ~ 1 ~ 1 ~ 1 ' , ~ 

1 2184A ~,I' ~ ~ ~ 1 2184A ~ 

Voo (+SY) Vss(OND) 

Figure 2. Unacceptable Power Distribution 

Transient effects can be minimized by, adding ex
tra circuit board traces in parallel to reduce inter
connection inductance (Figure '3). 

EJ I 
c:=J' 

T c:J l' ~ l' 

q ,q q I: ~ 

q I ,,~ 1 ~ 1 ~ 

I 2164A .~, 1 "~ 1 ~ 1 21,64A ~ 

--- -

• TWO SIDED CARD 
- VERTICAL TRACES ON COMPONENT SIDE 
- HORIZONTAL TRACES ON SOLDER SIDE 

- MAINO ROUND BUS OR INTERCONNECTION TO 
TTL CONTROL. ADDRESS. DATA BUFFERS 

Figure 3_ Recommended Power Distribution 
- Gridding 

Power and Ground Plane' 
A better alternative to power and gridding is power 
and ground planes. Although this requires two ad-

ditional inner layers to the PC board, noise and 
supply voltage fluctuations are greatly reduced. If 
power and ground planes are'used, gridding is op
tional but typically used for increased reliability of 
power and ground connecti9nsand further reduc' 
tion of electromagnetic noise; , 

,It is preferable on power/ground planes to use cir
cular voids for device pins rather than ,slotted 

, voids:(Flgure 4). This provides. maximum decoup
ling and minimum crosstalk between signal traces. 

RECOMMENDED, :' NOT RECOMI/IENDED 

. Figure 4. Recommended Voids for Multilayer 
, 'PC Boards 

Power Supply Oecoupling 
, For best results, decoupling capacitors are placed 
on the memory array board at each memory loca
tion (Figure 5). High frequency 0.1 /LF ceramic 
capacitors are the recommended type. Noise i~ 
minimized because of the low impedance across 
the circuit board traces. Typical Voo noise levels 
for this arrangement are less than 300 mY. 
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A large tantalum capacitor (typically one 100 /LF 
per 64 devices) is required at the circuit board 
edge connector power input pins to recharge the 
0.1 /LF capacitors between memory cycles. 

For further detailssee application note (A.N.) #131, 
2164A Dynamic RAM Device Description, or A.N. 
#133, Designing Memory Systems for Micropro
cessor Using the Intel 2164A and 2118 Dynamic 
RAMs. 
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NOTE: MEMORY DEVICE SPACING, IS O.42SH 
TRACES ARE 50 MIL 

Dour= • 

NOTE 1: FUTURE ADDRESS EXPANSION 

Figure 5. 2164A Memory Array PC Board Layout 
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