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29F68
256 Kbit Dynami© RAM Controller
General Description
The 29F68 is a h igh-perform ance m em ory con tro lle r, re
placing m any SSI and MSI devices by grouping several 
unique functions. It provides tw o 9-b it address la tches and 
tw o 9-b it coun te rs fo r row  and colum n address generation 
during refresh. A  2-b it bank se lect latch fo r row  and co lum n 
address generation during refresh, and a  2-b it bank se lect 
la tch fo r the  tw o  high o rder address b its are provided to  
se lect one o f the  fou r RAS and CAS outputs.
The 29F68 is functiona lly  equ iva lent to  A M D ’s A m 2968 and 
M oto ro la ’s M C74F2968.

Features
□ H igh-perform ance m em ory con tro lle r
□ R eplaces m any SSI and MSI devices by grouping 

several unique functions
□ Functiona lly equ iva lent to  A M D ’s Am 2968 and 

M otoro la ’s M C74F2968
□ Provides con tro l fo r 16K, 64K, or 256K dynam ic RAM 

system s
□ Outputs d irectly drive up to  88 DRAM s
□ H ighest order tw o  address b its se lect one o f fou r banks 

o f RAM s
□ Chip S elect fo r easy expansion
□ Provides m em ory refresh w ith  e rror co rrection m ode
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Pin Description

N am e I/O D escription
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I A ddress Inputs. A R o -A R g  are la tched in as the  9-b it Row A ddress fo r 
the  RAM. These inputs drive Q o -Q s  when th e  29F68 is in the R e a d / 
W rite  m ode and MSEL is LOW. AC q-A C q are la tched in as the Colum n 
Address, and w ill drive Q o -Q s  w hen M SEL is HIGH and the  29F68 is in 
the  R e a d /W rite  m ode. The addresses are la tched  w ith the Latch 
Enable (LE) signal.

SELq-S E L - i I B ank S elect. These tw o inputs are norm ally the  tw o  h igher order 
address bits, and are used in the  R e a d /W rite  m ode to  se lect w hich 
bank o f m em ory w ill be receiving the  R ASn and CASn signals a fter 
RASI and CASI go HIGH.

LE I Latch Enable. This active-H IG H input causes the  Row, Colum n and 
Bank S elect la tches to  becom e transparent, a llow ing the  la tches to  
accep t new input data. A LOW  input on LE la tches the input data, 
assum ing it m eets the setup and hold tim e requirem ents.

M SEL I M ultip lexer Select. This input de term ines w he th e r the  Row or Colum n 
A ddress w ill be sent to  the  m em ory address inputs. W hen MSEL is 
HIGH the  C olum n Address is se lected, w h ile  the  Row A ddress is 
se lected  w hen M SEL is LOW. The address m ay com e from  e ither the 
address latch o r refresh address coun te r depending on MCq, MC-|.

CS I Chip Select. This active-LO W  input is used to  enable  the  29F68. W hen 
CS is active, the  29F68 operates norm ally in all fou r m odes. W hen CS 
goes HIGH, the  device will no t en te r the  R e a d /W rite  m ode. This allow s 
o ther devices to  access the sam e m em ory th a t the  29F68 is contro lling  
(e.g., DM A contro lle r).

OE I O utput Enable. This active-LO W  input e n a b le s /d isa b le s  the output 
signals. W hen OE is HIGH, the  ou tpu ts o f the  29F68 en te r the  high 
im pedance state. The OE signal a llow s m ore than  one 29F68 to  contro l 
the  sam e m emory, thus provid ing an easy m ethod  to  expand the 
m em ory size.

M Cq, M C i I M ode C ontro l. These inputs are used to  spec ify w hich o f the  four 
operating m odes the 29F68 should  be using. The  descrip tion o f the 
fou r operating m odes is given in the  M ode C ontro l Function Table.

Q o -Q s 0 A ddress Outputs. These address ou tpu ts  w ill feed  the  DRAM address 
inputs and provide drive fo r m em ory system s up to  500 pF in 
capacitance.

RASI I R ow  A ddress S trobe Input. During norm al m em ory cycles, the 
decoded R ASn ou tpu t (RASo, RAS-|, RAS2 o r RAS3) is fo rced  LOW 
a fte r rece ip t o f RASI. In e ither re fresh m ode, all fou r R ASn outputs w ill 
go LOW  fo llow ing  RASI going HIGH.

RAS q—RAS3 0 R ow  A ddress S trobe. Each one o f the  R ow  A ddress S trobe outputs 
provides a R ASn signal to  one o f the  fou r banks o f dynam ic memory. 
Each w ill go LOW  only when se lected  by S ELq and S E L | and on ly a fte r 
RASI goes HIGH. All fou r go LOW  in response to  RASI in e ither o f the 
R efresh m odes.

CASI I Colum n A ddress S trobe Input. This input going active  w ill cause the 
se lected  C AS n output to  be fo rced  LOW.

C AS0-C A S 3 0 Colum n A ddress S trobe. During norm al R e a d /W rite  cycles the tw o 
se lect b its (SELo, SEL-|) determ ine w hich C AS n ou tpu t w ill go active 
fo llow ing  CASI going HIGH. W hen m em ory e rro r co rrection  is 
perform ed, on ly the CASn signal se lected  by CNTRo and C N TR1 w ill be 
active. For non-error co rrection  cycles, all fou r C AS n ou tpu ts rem ain 
HIGH.
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Functional Description
The 29F68 is designed to  be used w ith  16k, 64k, o r 256k 
dynam ic RAM s and is functiona lly  equ iva lent to  A M D ’s 
AM 2968. The 29F68 provides ro w /co lum n  address m ulti
plexing, refresh address generation and bank se lection  fo r 
up to  fou r banks o f RAMs.
Tw enty (20) address bits (A R o~AR 8, AC q-A C s, and bank 
se lect addresses SELq and SEL-|) are presented to  the  con 
tro lle r. These  addresses are la tched by a 20-bit latch. A 20- 
b it coun te r generates the refresh address.

M ode C ontrol Function Tab le

M C i M C0 O perating  M ode

0 0 R efresh  w ithout E rror C orrection . Refresh cycles are perform ed w ith 
on ly the Row C ounter being used to  generate  addresses. In th is m ode, 
all fou r RASn outputs are active  w h ile  the  fou r CASn signals are kept 
HIGH.

0 1 R efresh w ith  E rror C o rre c tio n /ln itia lize — During th is mode, re fresh 
cycles are done w ith both the Row and Colum n counte rs generating 
the  addresses. MSEL is used to  se lect between the Row and Colum n 
counter. All fou r RASn ou tpu ts go active  in response to  RASI, w h ile  
on ly one CASn ou tpu t goes LOW  in response to  CASI. The Bank 
C ounter keeps track o f w hich C ASn ou tpu t w ill go active. This m ode is 
also used on system  pow er-up so th a t the  m em ory can be w ritten w ith  
a known data  pattern.

1 0 R e a d /W rite — This m ode is used to  perform  R e ad/W rite  cycles. Both 
the  Row and Colum n addresses are la tched and m ultip lexed to  the  
address output lines using MSEL; S ELq and S E L i are decoded to  
determ ine w hich R ASn and C ASn w ill be active.

1 1 C lear R efresh C ounter— This m ode will c lear the three refresh 
coun te rs (Row, Colum n, and Bank) on the  H IG H -to-LO W  transition  o f 
RASI, putting them  at the  sta rt o f the  re fresh sequence. In th is m ode, 
all fou r R ASn are driven LOW  upon rece ip t o f RASI so tha t DRAM 
w ake-up cycles may be perform ed. Th is m ode also asynchronously 
clears the  Q n outputs.

A ddress O utput Function Table

CS M C 1 M C0 MSEL M ode M UX O utput

L L L X Refresh w ithou t E rror C orrection Row C ounter A ddress

L H H Refresh w ith  Error C orrection Colum n C ounter A ddress

L Row C ounter A ddress

H L H R ead/W rite Colum n A ddress Latch

L Row A ddress Latch

H H X C lear Refresh C ounter Zero

H L L X Refresh w ithou t Error C orrection Row C ounter A ddress

L H H Refresh w ith  Error C orrection Colum n Counter A ddress

L Row C ounter A ddress

H L X R ead/W rite Zero

H H X C lear Refresh C ounter Zero

A 9-b it m ultip lexer se lects  the  output address be tw een the 
input row  address, co lum n address, refresh coun te r row  ad
dress, co lum n address, or zero (clear). Four RAS and fou r 
CAS ou tpu ts se lect the  appropria te  bank o f R AM s and 
strobe in the  row  and co lum n addresses.
It should be noted tha t the counters are c leared (MCq, 
M C i =  1,1) on the  next RASI transition, but the  Q ou tpu ts 
are asynchronously cleared through the  m ultip lexer.
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RAS O utput Function Tab le

RASI CS M Cf M C0 S E L i SEL0 M ode RAS0 R A S 1 r a s 2 RAŚ3

L X X X X X N on-re fresh H H H H

H L L L X X R efresh w ithou t Scrubbing L L L L

L H X X R efresh w ith  Scrubbing L L L L

H L L L R e a d/W rite L H H H

L H H L H H

H L H H L H

H H H H H L

H H X X C lear R efresh Counter L L L L

H L L X X R efresh w ithou t Error C orrection L L L L

L H R efresh w ith Error C orrection L L L L

H L R e a d/W rite H H H H

H H C lear R efresh Counter L L L L

CAS O utput Function Table

Inputs Internal C ounter Inputs O utputs

CASI CS M C i M C0 CNTR-i C N TR 0 SELf SEL0 ĆAŚo C A S i c a s 2 ĆAŚ3
H L L L X X X X H H H H

L H L L X X L H H H

L H H L H H

H L H H L H

H H H H H L

H L X X L L L H H H

L H H L H H

H L H H L H

H H H H H L

H H H X X X X H H H H

L L X X X X H H H H

L H L L X X L H H H

L H H L H H

H L H H L H

H H H H H L

H L X X X X H H H H

H H

L X X X X X X X H H H H
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Unit L o ad ing /Fan  O ut

Pin Nam es D escription
5 4 F /7 4F

U.L.
H IG H /L O W

Input I |H/ I il  
O utput Io h / I o l

AC q—AC g C olum n A ddress 1.0/ 1.0 20 jmA/ —0.6 mA
A R o -A R g Row A ddress 1.0/ 1.0 20 i x A /  —  0.6 mA
Q o- Q q A ddress O utputs 50 /33 .3 - 1  m A /2 0  mA
M Cq, MC-| M em ory Cycle 1.0/ 1.0 20 jaA / —0.6 mA
ĆS Chip S elect Input 1.0/ 1.0 20 f x A /  —  0.6 mA
M SEL M ultip lexer S e lect Input 1.0/ 1.0 20 [xA / - 0 . 6  mA
LE Latch Enable Input 1.0/ 1.0 20 julA / —0.6 m A
SEL0) SEL-| S elect Inputs 1.0/ 1.0 20 jaA / —0.6 mA
RASI R ow  A ddress S trobe In 1.0/ 1.0 20 ja A /—0.6 mA
CASI Colum n A ddress S trobe  In 1.0/ 1.0 20 ja A / - 0 .6  m A
RAS0-R A S 3 Row A ddress S tobe O utputs 50 /33 .3 - 1 m A /2 0  mA
CAS0-C A S 3 Colum n A ddress S trobe  O utputs 5 0 /33 .3 - 1 m A /2 0  mA
OE O utput Enable 1.0/ 1.0 20 f x A / —0.6 m A

Block Diagram
ADDRESS ADDRESS

T L /F /9 6 0 8 -3
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T im ing W avefo rm s

ARn,ACn V  addressvaud wy y  ARo>AR8, ACq-ACj A

Qn X X X X X  R0W ADDRESS VALID XXXXXXXXXX^M N  ADDRESS VAUDX

__________________________________________________________/

MCn

RASI / -------------------------------- ------------------------------------------------Nr____

RASn m

\
MSEL f \
CASI __ / ------------ A__

CASn ^
SELn _ x _ _x__

RASI/CASI

MEMORY CYCLE TIMING
RASI/CASI PULSE WIDTHS ~  ~  ' ' "  "  "  "  "

\
FIGURE 1. D ynam ic M em ory C ontro lle r Tim ing

T L /F /9 6 0 8 -4

ARn, ACn ZX

T L /F /9 6 0 8 -5

N o te  A: Guaranteed maximum difference between fastest RASI to RASn delay and the slowest An to Qn delay on any single device.
N ote B: Guaranteed maximum difference between fastest MSEL to Qn delay and the slowest RASI to RASn delay on any single device.
N ote C: Guaranteed maximum difference between fastest CASI to CASn delay and the slowest MSEL to Qn delay on any single device.

FIG U R E 2. S pecifications A pplicable to  M em ory C ycle Tim ing (M C n =  1,0)
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Tim ing W aveform s (Continued)

FIG U R E 3. D esired S ystem  Tim ing

R efresh Cycle Tim ing

MC" &

FIGURE 4. S pecifications A pplicable to  R efresh C ycle Tim ing (M C n =  00,01)
N ote B: Guaranteed maximum difference between fastest MSEL to Qn delay and the slowest RASI to RASn delay on any single device. 
N ote C: Guaranteed maximum difference between fastest CASI to CASn delay and the slowest MSEL to Qn delay on any single device. 
N ote D: Guaranteed maximum difference between fastest RASI to RASn delay and the slowest MCn to Qn delay on any single device.
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R e fresh  C ycle Tim ing (Continued)

MCn MCn = 01

FIGURE 5. Designed T im ing— R efresh  w ith  E rror C orrection

MCn X MCn =  00

0" 5B55& f-------------------------------------------

rasi ^  ■ i
^ A S R -*"

RASn ^

FIGURE 6. Desired T im ing— R efresh  w ith ou t E rror C orrection
T L /F /9 6 0 8 -9
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Absolute M axim um  Ratings (Notei)
If M ilitary /A ero sp ace  specified  devices  are  required, 
please contact the  N ational Sem iconductor Sales  
O ffice /D is trib u to rs  fo r availability  and specifications.
Storage T  em perature -  65°C to  + 1 50°C
A m bient Tem perature  under B ias -5 5 ° C  to  +  125°C
Junction Tem perature  under B ias -  55°C to  + 1 75°C
V c c  Pin Potential to

G round Pin -  0.5V to  +  7.0V
Input V oltage (Note 2) - 0 .5 V  to  +  7.0V
Input Current (N ote 2) - 3 0  m A to  +  5.0 mA
Voltage Applied to  O utput 

in HIGH S tate (w ith V Cc  =  0V)
Standard O utput - 0.5V to  V c c
TRI-STATE® O utput - 0 .5 V  to  + 5 .5 V

C urrent Applied to  O utput
in LOW  S tate (Max) tw ice  the  rated Iq l  (mA)

N ote 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied.
N ote 2: Either voltage limit or current limit is sufficient to protect inputs.

DC Electrical C haracteris tics
Sym bol P aram eter 5 4 F /7 4F Units Vcc C onditions

Min Typ M ax

V |H Input HIGH Voltage 2.0 V Recognized as a HIGH S ignal

V |L Input LOW  Voltage 0.8 V Recognized as a LOW  S ignal

V cd Input C lam p Diode V oltage - 1.2 V Min I|N =  - 1 8  m A

VOH O utput HIGH 54F 10%  VCc 2.5 l0 H =  - 1 mA
Voltage 5 4 F 1 0 %  VCc 2.4 Iq h  =  - 3  mA

7 4 F 1 0 %  VCc 2.5 v Min Iq h  =  “ 1 mA
7 4 F 1 0 %  VCc 2.4 l0 H =  - 3  mA
74F 5%  VCc 2.7 Iq h  =  - 1  mA
74F 5%  VCc 2.7 l0 H =  - 3  m A

VOL O utput LOW  5 4 F 10%  V Cc 0.5 Io l  — 1-0 mA
V oltage 54F 10%  V c c 0.8 v Min Iq l  =  12.0 mA

7 4 F 1 0 %  VCc 0.5 Io l  =  1.0 mA
7 4 F 1 0 %  VCc 0.8 Io l  =  12.0 m A

l|H Input HIGH C urrent 20 /xA Max V|N =  2.7V

•bvi Input HIGH C urrent 
B reakdown Test 100 julA Max V|N =  7.0V

IlL Input LOW  C urrent - 0.6 mA Max V|N =  0.5V

>OZH O utput Leakage C urrent 50 jaA Max V0 UT =  2.7V

IOZL O utput Leakage C urrent - 5 0 JLlA Max v OUT =  °-5V

lo s O utput S hort-C ircuit C urrent - 6 0 - 1 5 0 mA Max V0 UT =  0V

ICEX O utput HIGH Leakage C urrent 250 juA Max v OUT =  V c c

Izz Bus Drainage Test 500 juA 0.0V V q u T =  5.25V

>CCH Power Supply C urrent 300 mA Max V0 =  HIGH

ICCL Power Supply C urrent 300 mA Max V0 =  LOW

>CCZ Power Supply C urrent 300 mA Max V0 =  HIGH Z

R ecom m ended O perating  
Conditions
Free A ir A m b ien t Tem perature  

M ilitary -  55°C to  + 1 25°C
C om m ercia l 0°C to  +  70°C

Supply V oltage
M ilitary +  4.5V to  +  5.5V
Com m ercia l +  4.5V to  +  5.5V
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AC  E lectrical C haracteris tics

29F M ilitary
29F

C om m ercial
29F

Sym bol P aram eter TA =
V cc

c L

= + 2 5 °C  
=  -f 5.0 V 
=  50 pF

T A,V CC =  Mil 
CL =  50 pF

T a , v c c  
C l  =

=  Com  
50 pF

T A, ^ c c  =  Com  
C L =  500 pF

Units

Min M ax Min M ax Min M ax Min Typ  M ax

tpi_H Propagation Delay 3.0 11.0 2.5 12.0 19.0 ns
tpHL AR to  Q n 3.0 11.0 2.5 12.0 22.0

tpLH Propagation Delay 3.0 11.0 2.5 12.0 19.0 ns
tpHL AC to  Q n 3.0 11.0 2.5 12.0 22.0

tpLH Propagation Delay 3.5 12.0 3.0 13.0 23.0 ns
tpHL RASI to  RASj 3.5 12.0 3.0 13.0 20.0

tpLH Propagation Delay 1.0 8.0 1.0 8.5 19.0 ns
tpHL CASI to  CASj 1.0 8.0 1.0 8.5 17.0

tpLH Propagation Delay 3.0 13.0 2.5 14.0 24.0 ns
tpHL M S E L to  Q n 3.0 13.0 2.5 14.0 21.0

tpLH Propagation Delay 4.0 15.0 3.5 16.0 25.0 ns
tPHL M Cn to  Q n 4.0 15.0 3.5 16.0 22.0

tpLH Propagation Delay 3.5 17.5 3.0 18.5 24.0 ns
tpHL M Cn to  R ASn 3.5 17.5 3.0 18.5 22.0

tpLH Propagation Delay 4.0 12.5 3.5 13.5 23.0 ns
tpHL MOp to  CASp 4.0 12.5 3.5 13.5 21.0

ł PLH Propagation Delay 4.0 15.0 3.5 16.0 25.0 ns
tpHL LE to  RASn 4.0 15.0 3.5 16.0 24.0

tpLH Propagation Delay 5.0 13.5 4.5 14.5 24.0 ns
tPHL LE to  C ASn 5.0 13.5 4.5 14.5 24.0

tpLH Propagation Delay 3.5 12.0 3.0 13.0 23.0 ns
tpHL LE to  Q n 3.5 12.0 3.0 13.0 22.0
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AC Electrical C haracteristics

Sym bol P aram eter

29F M ilitary 29F C om m ercia l 29F

Units
T a  =  + 2 5 °C  

V CC =  +  5.0V  
C L =  50 pF

T A, V CC =  Mil 
C L =  50 pF

T A, V c c  =  Com  
C L =  50 pF

Min M ax Min M ax Min Max

tpZH
tpZL

O utpu t D isable Time 
OE to  Q n

1.0 9.5
1.0 9.5

1.0 10.0 
1.0 10.0 ns

tpZH
tpZL

O utpu t D isable Time 
OE to  Q n

1.0 9.5
1.0 9.5

1.0 10.0 
1.0 10.0 ns

tpHZ
tpLZ

O utpu t D isable Tim e 
OE to  R ASn

1.0 9.5
1.0 9.5

1.0 10.0 
1.0 10.0 ns

tpZH
tpZL

O utpu t D isable Tim e 
OE to  R ASn

1.0 9.5
1.0 9.5

1.0 10.0 
1.0 10.0 ns

tpHZ
tpLZ

O utpu t D isable Tim e 
OE to  C ASn

1.0 9.5
1.0 9.5

1.0 10.0 
1.0 10.0 ns

tpZH
tpZL

O utpu t Enable Time 
OE to  C ASn

1.0 9.5
1.0 9.5

1.0 10.0 
1.0 10.0 ns

tw(H)
tw (D

Pulse W idth, HIGH or LOW 
C ASn, R ASn

15.0
15.0

15.0
15.0 ns

tskew Qn to  CASn, RASn 10.0 10.0 ns

AC O perating  Requirem ents

Sym bol

29F M ilitary 29F C om m ercia l 29F

UnitsP aram eter T a  =  + 2 5 °C  
V CC =  + 5 .0 V TA, VCC =  Mil TA, V c c  =  Com

Min M ax Min M ax Min M ax

ts(H)
ts(L)

S etup Time, HIGH or LOW  
A n to  LE

5.0
5.0

5.0
5.0 ns

th(H)
th(L)

H old Time, HIGH or LOW 
A n to  LE

5.0
5.0

5.0
5.0 ns

ts(H)
ts(L)

Setup T ime, HIGH or LOW 
S E L to  LE

5.0
5.0

5.0
5.0 ns

th(H)
th(L)

H old Time, HIGH or LOW  
S E L to  LE

5.0
5.0

5.0
5.0 ns

O rdering In form ation
The device num ber is used to  form  part o f a s im plified  pi 
de fined as fo llow s:

29F 6 f

Tem peratu re  R ange F a m ily ------------------------- —^
74F =  C om m ercia l 
54F = M ilitary
29F  = C om m ercia l or M ilitary

Device T y p e ----------------------------------------------------------------

Package C ode
Q = P lastic Leaded Chip Carrier (PCC)

urchaj 

JA F

sing < 

3 C

code w here a package type  and tem pera tu re  range are 

D QR

—  Specia l Varia tions
X = Devices sh ipped in 13" reels 

QR = Com m ercia l grade device 
w ith  burn-in

QB = M ilitary grade device w ith 
env ironm enta l and burn-in 
processing sh ipped in tubes

--------------- Tem perature  Range
C =  C om m ercia l (0°C to  + 70°C)
M = M ilitary ( -5 5 ° C  to  +125°C )
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