
National
Semiconductor

DP84322 Dynamie RAM Controller Interface Circuit 
for the 68000 CPU
General Description
The DP84322 dynam ic RAM  con tro lle r in terface is a Pro
gram m able A rray Logic (PAL®) device which a llow s fo r easy 
in terface between the  DP8409A, 17, 1 8 ,1 9 , 28, 29 dynam ic 
RAM C ontro lle rs and the  6 8 0 0 0 /0 0 8 /0 1 0  m icroprocessors. 
The DP84322 supplies all the  con tro l signals needed to  per
form  m em ory read, w rite  and refresh. Logic is included fo r 
inserting a w a it sta te  when using fast CPUs.

Features
■ P rovides 3-chip solution fo r the 68000 CPU and dynam 

ic RAM  in te rface  (DP84300, DP84322, & D P8409A)
■ W orks w ith  all 68000 speed vers ions
■ P ossib ility o f operation at 8 MHz w ith  no w a it sta tes
■ Perform s hidden refresh
■ DTACK is autom atica lly  inserted fo r both m em ory ac

cess and m em ory refresh
■ P erform s fo rced  refresh using typ ica lly  4 CPU c locks
■ S tandard N ational S em iconducto r PAL part 

(D M PAL16R 4)
■ PAL logic equations can be m odified by the  user fo r his 

spec ific  app lica tion and program m ed in to  any o f the 
PAL in the  National S em iconducto r PAL fam ily, inc lud
ing th e  new high speed PALs.

Connection and Block Diagrams

D ual-In-L ine Package

O rder N um ber D P84322J o r D P84322N  
S ee NS P ackage N um ber J20A  or N20A

TL/F/5003-2
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Recommended Operating Conditions (Com m ercia l)
If M ilitary /A ero sp ace  specified  devices  a re  required,
please con tac t the  N ational S em iconductor Sales T A, O perating Free A ir 
O ffice /D is trib u to rs  fo r availab ility  and specifications. Tem perature

Min Typ  M ax Units
V cc , Supply Voltage 4.75 5.00 5.25 V
•o h » High Level O utput C urrent - 3 . 2  mA
Io l . Low Level O utput Current 24 mA

(Note 2)

Electrical Characteristics over recom m ended operating tem pera tu re  range

Sym bol Param eter C onditions Min Typ M ax Units

V|H High Level Input V oltage 2 V

V |L Low Level Input V oltage 0.8 V

V|C Input C lam p V oltage V c c  =  Min, l| =■ - 1 8  mA - 1 . 5 V

v OH High Level O utpu t V oltage V Cc  =  Min, V |H =  2V, V |L =  0.8V, l0 H  =  Max 2.4 V

VOL Low Level O utpu t V oltage V c c  =  Min, V |H =  2V, V !L =  0.8V, I0 l  =  Max 0.5 V

l0 Z H O ff-S ta te  O utput C urrent 
H igh Level V o ltage A pp lied

VCc  =  Max, V |H =  2V, V 0  =  2.4V, V iL =  0.8V 100 jliA

l0 Z L O ff-S ta te  O utpu t C urrent 
Low Level V oltage A pplied

VCc  =  Max, V |H =  2V, V 0  =  0.4V, V iL =  0.8V - 1 0 0 jllA

ll Input C urrent a t 
M axim um  Input Vo ltage

VCc  =  Max, V, =  5.5V 1.0 mA

l|H High Level Input C urrent VCc  =  Max, V| =  2.4V 25 jllA

l|L Low Level Input Current VCc  =  Max, V| =  0.4V - 2 5 0 fxA

lo s S hort C ircuit O utput C urrent V c c  =  Max - 3 0 - 1 3 0 mA

ic c Supply C urrent VCc  =  Max 150 225(1) mA

Switching Characteristics over recom m ended ranges o f tem pera tu re  and V c c  (N ote 3)

Sym bol P aram eter T est C onditions  
R l =  6 6 7 a

C om m ercial 
T a  =  0°C to  +75°C  
V CC =  5.0V ± 5 %

Units

Min Typ M ax

tpD Input to  O utput C L =  50 pF 15 25 ns

tpD C lock to  O utpu t 10 15 ns

tp z x Pin 11 to  O utpu t Enable 10 20 ns

tp xz Pin 11 to  O utpu t D isable C L =  5 pF 11 20 ns

tp z x Input to  O utput Enable CL =  50 pF 10 25 ns

tp xz Input to  O utput D isable CL =  5 pF 13 25 ns

tw W idth o f C lock High 15 ns

Low 15 ns

tsu Set-Up T im e 25 ns

th Hold T im e 0 - 1 0 ns
Note 1: Ice =  max at minimum temperature.
Note 2: One output at a time; otherwise 16 mA.
Note 3: If a PALI 6R4B PAL is used, the Switching Characteristics will improve correspondingly.

Min Typ  M ax Units

0 75 °C
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DP84322 and  D P8409A  fo r 68000 CPU
System Block Diagram
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BUFFER NECESSARY IF MORE THAN ONE BANK

‘ T h ese  outp uts  m ay need resistors.

Mnemonic Description
IN PU T S IG N A LS
CLOCK T he  c lo ck  signal determ ines the  tim ing o f the 

ou tpu ts  and should be connected  d irectly to  the  
68000 c lock  input.

AS A ddress S trobe from  the 68000 CPU. Th is input
is used to  generate  RASIN to  the  DP8409A.

UDS, LDS Upper and low er data strobe from  the  68000 
CPU. These inputs, together w ith AS, R /W , p ro 
v ide  DTACK to  the 68000.

R /W  R e a d /w rite  from  the 68000 CPU, w hen W A IT =  
0. S e lects p rocessor speed w hen W A IT =  1 
(“ 1”  =  4 to  6 MHz, “ 0 ”  =  8 MHz).

CAS Colum n Address S trobe from  the  D P8409A.
Th is  input, to g e th e r w ith LDS and UDS, p ro 
v ides tw o separate  CAS ou tpu ts fo r accessing 
upper and low er m em ory data  bytes.

CS Chip Select. Th is input enables DTACK output.
CS =  0, DTACK output is enabled; CS =  1, 
DTACK ou tpu t is TRI-STATE®.

RFRQ R efresh Request. Th is input requests the 
DP84322 fo r a fo rced  refresh.

W A IT Th is  input a llow s the  necessary w ait sta te  to  be 
inserted fo r m em ory access cycles.

O U TPU T SIG NALS
RASIN Th is ou tpu t provides a m em ory cyc le  s tart sig

nal to  the  DP8409A and provides RAS tim ing 
during h idden refresh.

CASU, These signals are the  separate  CAS outputs
CASL needed fo r byte writing.
DTACK This output is used to  insert w a it sta tes in to the  

68000 m em ory cyc les w hen se lected  and dur
ing a fo rced  re fresh cycle  w here the  CPU a t
tem pts to  access the  m em ory. Th is output is 
enabled w hen CS input is low  and at T R I
STATE w hen CS is high.

RFSH This output con tro ls  the  m ode o f the  DP8409A.
It a lways goes low  fo r 4 CPU c lock  periods 
w hen AS is inactive  and a forced re fresh is re
quested through RFRQ input. Th is a llow s the 
DP8409A to  perfo rm  an au tom atic fo rced  re
fresh.
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Functional Description
M EM O R Y ACCESS
A s a 68000 bus cycle  begins, a valid  address is ou tpu t on 
the  address bus A 1 -A 2 3 . Th is address is decoded to  p ro 
v ide Chip S e lect (CS) to  the  DP8409A. A fte r the  address 
becom es valid, AS goes low and it is used to  set RASIN low 
from  the  DP84322 in terface circuit. N ote  th a t CS m ust go 
low  fo r a m inim um  o f 10 ns before  the assertion o f RASIN 
fo r a p roper m em ory access. A s an exam ple, w ith  a 8 M Hz 
68000, the  address is valid  fo r at least 30 ns before  AS goes 
active. AS th en has to  ripple through the  DP84322 to  p ro 
duce RASIN. Th is m eans the address is va lid  fo r a m inim um  
o f 40 ns before  RASIN goes low, and the  decoding o f CS 
should  take  less than 30 ns. A t th is speed the  D M 74LS138 
or D M 74LS139 decoders can be se lected to  guarantee the 
10 ns m inim um  required by CS set-up tim e going low  before  
the  access RASIN goes low  (tcsRL o f the  DP8409A). Th is is 
im portan t because a fa lse  hidden refresh m ay take  p lace 
w hen the  m inim um  tc s R L is  not met. Typ ica lly  RASIN o c 
curs a t the  end o f S2. Subsequently, se lected RAS output, 
row  to  co lum n se lect and then CAS w ill au tom atica lly  fo llow  
RASIN as determ ined by m ode 5 o f the DP8409A. M ode 5 
guarantees a 30 ns m inim um  fo r row  address hold tim e 
(tRAH) and a m inim um  o f 8 ns co lum n address set-up tim e 
(U se)- If the  system  requ ires instructions th a t use byte w rit
ing, then CASU and CASL are needed fo r accessing upper 
and low er m em ory data  bytes, and they are provided by the  
D P84322. In the  DP84322, LDS and U PS a re gated  w ith 
CAS from  the  DP8409A to  provide CASL and CASU, th e re 
fo re  designers need not be concerned about de laying CAS 
during w rite  cycles to  assure valid data  being w ritten  into 
m em ory. The  8 M Hz 68000 specifies during a w rite  cycle  
th a t data  ou tpu t is valid  fo r a m in im um o f 30 ns before  DS 
goes active. Thus, CASL and CASU w ill no t go low  fo r at 
least 40 ns a fte r the  output data becom es stable, guaran
tee ing the  68000 valid  data  is w ritten  to  m em ory. 
Furtherm ore, the  gating o f UDS, LDS and CAS a llow s the  
D P84322 in te rface  con tro lle r to  support the  te s t and se t in 
s truction (TAS). The 68000 utilizes the  read-m odify-w rite  cy
c le  to  execute  th is  instruction. The  TAS instruction  provides 
a m ethod o f com m unication between p rocessors in a m ulti
p le p rocessor system . B ecause o f the  nature o f th is  ins truc
tion, in Jthe 68000, th is cycle is indivisible and the  A ddress 
S trobe  AS  is asserted th roughout the  entire cycle, how ever 
DS is asserted tw ice fo r tw o accesses: a read then a write. 
The dynam ic RAM con tro lle r and the  DP84322 respond to  
th is  read-m odity-w rite  instruction as fo llo w s (re fer to  the  
TAS ins truc tion tim ing d iagram  fo r c larifica tion). First, the  
se lected RAS goes low  as a resu lt o f AS going low, and th is 
RAS ou tpu t w ill rem ain low  throughout the  entire  cycle. 
Then the  D P84322’s se lected CAS ou tpu t (CASL o r CASU) 
goes low  to  read the  specified  da ta byte . A fte r th is read, DS 
goes high causing the  se lected CAS to  go high. A  few  
c locks la te r R /W  goes low  and then DS is reasserted. As 
DS goes low, the  se lected  CAS goes low  strob ing the  C PU ’s 
m odified_data in to m em ory, a fte r w h ich the  cycle  is ended 
w hen AS  goes high.
The  tw o  CAS ou tpu ts from  the  DP84322, however, can on ly 
drive one m em ory bank. For add itiona l driving capability , a 
m em ory drive r such as the  D P84244 should be added to  
drive  loads o f up to  500 pF.
S ince th is  DP84322 in te rface  circu it is designed to  opera te  
w ith  all o f the  68000 speed versions, a sta tus input ca lled 
W A IT is used to  distinguish the  8 M Hz from  the  o thers. The

W AIT input should be set low  fo r 6 M Hz or less allow ing full 
speed o f operation w ith  no w a it sta tes. Data T ransfe r A c 
know ledge input (DTACK) o f the  68000 a t these speeds is 
autom atica lly  inserted during S2 fo r every m em ory transac- 
tion  cyc le  and is t hen negated a t the  end o f tha t cycle  w hen 
UDS a n d /o r LDS go high. For the  8 M Hz 68000 however, a 
w a it sta te  is required fo r every m em ory transaction cycle. A t 
these  speeds, the  W AIT input is set high, se lecting the 
D P8409A ’s CAS ou tpu t to  generate  DTACK and again 
DTACK is negated a t the  end o f the  cycle  w hen UDS or LDS 
goes high. Note tha t DTACK ou tpu t is enabled on ly w hen 
the D P8409A ’s CS is low. The re fo re  w hen the  68000 is ac
cessing I/O  or ROM (in o ther w ords, w hen the  DP8409A is 
not selected), the  D P84322 ’s DTACK ou tpu t goes high im 
pedance logic ‘1’ th rough th e  e x te rnal pu ll-up resistor and it 
is now up to  the designer to  supp ly DTACK fo r a proper bus 
cycle.
The fo llow ing tab le  ind icates the  m axim um  m em ory speed 
in te rms of the D R A M tim ing param eters: tcAC (access-tim e 
from  CAS) and tRp (RAS precharge  tim e) required by d iffe r
ent 68000 speed versions:

M icroprocessor M axim um  Minimum
C lock tCAC tRp
8 MHz 125 ns 140 ns
6 M Hz 90 ns 170 ns
4 M Hz 270 ns 280 ns

Minimum
tRAS

220 ns 
290 ns 
450 ns

Pin 5 (R /W  input to  the  DP84322) is no t used as R /W  w hen 
the  W AIT input is high. There fo re , when W AIT is high and 
pin 5 is low, th is is con figured  fo r the 8 MHz 68000. The 
dynam ic RAM con tro lle r in th is  configura tion operates in 
m ode 5 and m ode 1.
W hen both W AIT and pin 5 are high, th is  is configured fo r 
4 M Hz and 6 M Hz 68000, a llow ing on ly tw o  m icroprocessor 
c locks fo r m em ory refresh. Furtherm ore, the designer can 
use the  D P8408A because the  dynam ic RAM con tro lle r now 
operates in m ode 0 and m ode 5 o r m ode 6. In addition, the 
program m able re fresh tim er, D P84300, should be used to  
determ ine the refresh ra te  (RFCK) and to  provide the re
fresh  request (RFRQ) inpu t to  the  DP84322. The refresh 
tim er can provide ove r tw o  hundred d iffe ren t divisors. RFRQ 
is given a t the  beginning o f every RFCK cycle  and rem ains 
active  until M2 goes low  fo r m em ory refresh. The DP84322 
sam ples RFRQ w hen AS is high, then  sets M2 low fo r tw o 
m icroprocessor clocks, taking  the  DP8408A or DP8409A to  
the  external con tro l re fresh  m ode. RASIN fo r th is refresh is 
also issued by the  DP84322. If a m em ory access is pending, 
RASIN fo r th is access w ill no t be g iven until it is delayed fo r 
approxim ate ly one m icroprocessor c lock, allow ing RAS pre
charge tim e fo r the  dynam ic RAM s.
The fo llow ing tab le  ind ica tes d iffe ren t m em ory speeds in 
te rm s o f the  DRAM  param eters required by 4 M Hz and 
6 M Hz 68000:

M icroprocessor M axim um  M inim um  M inim um  Minimum
Clock *CAC l RAS tRP tRAH
4 MHz 290 ns 200 ns 225 ns 20 ns
6 MHz 110 ns 125 ns 140 ns 20 ns

DP8408A, DP8409A operate in mode 6 and mode 0.
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Functional Description (Continued)
W hen W AIT =  1, pin 5 =  0 (8 MHz), the PAL con tro lle r 
supports read and w rite  cycles w ith  one inserted w ait state, 
fo rced  refresh w ith five  w a it sta tes inserted if CS is valid, 
and h idden refresh. This PAL m ode does not support the 
TAS instruction.
W hen W AIT =  pin 5 =  1 ( 4 -6  MHz), the PAL con tro lle r 
supports read and w rite cycles w ith  no w ait sta tes inserted, 
and fo rced  refresh w ith tw o  w a it sta tes inserted if CS is 
valid. This PAL m ode does not support the TAS instruction 
and on ly supports hidden re fresh w hen used in m ode 5 w ith 
the  D P8409A contro ller.
The  DP84322 can poss ib ly be operated at 8 M Hz w ith no 
w ait sta tes (W AIT =  “ 0 ” ) given the  fo llow ing  conditions: 
FAST PAL (PAL16R4A)

S2 +  S3 +  S4 +  S5 =  250 ns 
RASIN delay =  60 ns (AS low  max.)
+  25 ns (Fast PAL delay) =  85 ns max.

RASIN to  CAS delay DP8409-2 =  130 ns max. 
External CASH.L generation using 74S02 and 74S240 

7.5 ns (74S02) +  10 ns (74S240) -  7.5 ns (less load 
on 8409 CAS line) =  10 ns max.

T ransce iver delay (74LS245) =  12 ns max.
68000 data  setup into S6 =  40 ns min.

.'. M inim um  tcAC =  53 ns
=  250 -  85 -  130 -  10 -  12 +  40 

M inim um  t^AS =  240 ns 
M inim um  tRp =  150 ns 

M inim um  tRAH =  20 ns 

REFRESH CYCLE
S ince the  access sequence tim ing is au tom atica lly  derived 
from  RASIN in m ode 5, R /C  and CAS IN are not used and 
now  becom e Refresh C lock (RFCK) and RAS-generator 
c lock  (RGCK) respective ly. The  R efresh C lock RFCK may 
be d iv ided down from  RGCK, w hich is the  m icroprocessor 
c lock, using the D M 74LS393 or D M 74LS390. RFCK pro- 
v id es th e refresh tim e interval and RGCK the  fa s t c lock  fo r 
a ll-R AS refresh if fo rced  refresh ing is necessary. The 
DP8409A o ffe rs  both h idden re fresh in m ode 5 and forced 
re fresh in m ode 1 w ith priority p laced on hidden refreshing. 
A ssum e 128 rows are to  be re freshed, then a 16 jus m axi
mum c lock period is needed fo r RFCK to  d is tribute  re fresh
ing o f all the  rows over the  2 ms period.
The  D P8409A provides h idden refresh ing in m ode 5 w hen 
the  refresh c lock (RFCK) is high and the  m icroprocessor is 
not accessing RAM. In o ther w ords, w hen the  D P8409A ’s

chip se lect is inactive  because the m icroprocessor is ac
cessing e lsewhere, all fou r RAS ou tpu ts fo llow  RASIN, 
strobing the  con ten ts  o f the  on-chip refresh counter to  every 
m em ory bank. RASIN going high term inates the h idden re
fresh and also increm ents the refresh counter, preparing it 
fo r the  next re fresh cycle. Once a hidden refresh has taken  
p lace, a fo rced  re fresh w ill not be requested by the 
DP8409A fo r the  current RFCK cycle.
However, if the  m icroprocessor continuously accessed the 
DP8409A and m em ory w hile RFCK w as high, a hidden re
fresh could no t have taken p lace and now  the system  m ust 
fo rce  a refresh. Im m ediate ly a fte r RFCK goes low, the  Re
fresh R equest signal (RFRQ) from  the D P8409A goes low, 
indicating a fo rced  refresh is necessary. First, when RFRQ 
goes low  any tim e during S2 to  S7, the  co n tro lle r in te rface  
circu it w a its until the  end o f the current m em ory access cy
cle and then sets M2 (RFSH) low. Th is refresh takes fou r 
m ic roprocessor c locks to  com ple te . If the  current cycle  is 
ano ther m em ory cycle, the  68000 w ill au tom atica lly  be put 
in fou r w a it states. A lternate ly, when RFRQ goes low  w hile  
AS is high during SO to  S 1 , M2 is now set low at S2. T he re 
fore, it requ ires an add itiona l m icroprocessor c lock  fo r th is 
re fresh. O nce the  DP8409A is in m ode 1 fo rced  refresh, all 
the  RAS ou tpu ts rem ain h igh until tw o RGCK tra iling  edges 
a fte r M2 goes low, w hen all RAS outputs go low. Th is a llow s 
a m inim um  o f one and a half c lock periods o f RGCK fo r 
RAS precharge tim e. As specified in the  D P8409A  data  
sheet, the  RAS ou tpu ts rem ain low  fo r tw o c lo ck  periods o f 
RGCK. The  re fresh coun te r is increm ented as the  RAS ou t
puts go high. O nce the  fo rced  refresh has ended, M2 is 
brought high, the  DP8409A back to  m ode 5 auto access. 
N ote  tha t RASIN fo r the  pending access is no t given until it 
has been de layed fo r a fu ll m icroprocessor c lock, a llow ing 
RAS precharge tim e fo r the  com ing access.
If the  68000 bus is inactive  (i.e., the  68000 ’s instruction 
queue is full, o r the  68000 is executing internal opera tions 
such as a m ultip ly instruction, o r the  68000 is in halt 
sta te  . . . )  and a re fresh has been requested, a re fresh w ill 
a lso take p lace because RFRQ is con tinuously sam pled 
w hile  AS is high. Therefore , refreshing under these  cond i
tions w ill be transpa ren t to  the m icroprocessor. C onse
quently, the  system  throughput is increased because the  
D P84322 a llow s re freshing w hile the 68000 bus is inactive. 
The 84322 is a standard National S em iconducto r PAL part 
(DM PAL16R4). The user can m odify the  PAL equations to  
support his particu lar application. The 84322 log ic equations 
function  tab le  (functiona l test), and logic diagram  can be 
seen a t the end o f th is da ta  sheet.
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System Timing Diagrams

68000 M em ory Read C ycle (W ait =  0, Pin 5 =  R /W )
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System Timing Diagrams (Continued)

68000 M em ory R ead C ycle and Forced R efresh  (W ait =  0, Pin 5 =  R /W )  
(4 W ait C lock Periods Inserted  fo r Forced R efresh)

DP84322 DETECTS START OF 
CYCLE, SO INSERTS REFRESH CYCLE

DP84322 CONTINUES 
MEMORY ACCESS CYCLE

OUTPUTS
FROM
68000

OUTPUTS
FROM

DP84322

OUTPUTS
FROM

DP8409A
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System Timing Diagrams (Continued)

TA S Instruction C ycle (W ait =  0, Pin 5 =  R /W )

< |  SO |  S1 |  S2 |  S3 |  S4 |  S5 |  S6 |  S7 |  SB [  S9 |  S 101 S11 [  S 121 S13 |  S 14 1 S15 |  S 161 S 1 7 1 S 18 1 S I9 1 SO |

OUTPUTS
FROM
68000

OUTPUTS
FROM

DP84322

OUTPUTS
FROM

DP8409A
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System Timing Diagrams (Continued)

M em ory R ead C ycle (W ait =  1, Pin 5 =  0)

CLOCK
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System Timing Diagrams (Continued)

M em ory Read C ycle and Forced R efresh  (W ait =  1, Pin 5 =  0)
, DP84322 DETECTS START OF | DP84322 CONTINUES
r  CYCLE, SO INSERTS REFRESH CYCLE T “ MEMORY ACCESS CYCLE

OUTPUTS
FROM
68000

OUTPUTS
FROM

DP84322

OUTPUTS
FROM

0P8409A
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System Timing Diagrams (Continued)

68000 M em ory Read C ycle (W ait and Pin 5 =  1)

OUTPUTS
FROM
68000

OUTPUTS
FROM

DP84322

OUTPUTS
FROM

DP8408A/9A

OUTPUTS
FROM

DP84300
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System Timing Diagrams (Continued)

68000 M em ory R ead C ycle and M em ory R efresh  (W ait and Pin 5 =  1)
I ______ 0P84322 DETECTS START OF ______  I ___________  DP84322 CONTINUES
I CYCLE, SO INSERTS REFRESH CYCLE I MEMORY ACCESS CYCLE

OUTPUTS
FROM

OUTPUTS
FROM

DP84322

OUTPUTS
FROM

0P8408A /9A

OUTPUT
FROM

DP84300
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Modified System Block Diagram
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PAL Boolean Equations
PAL16R4 D P84322 Dynam ic RAM C ontro lle r In terface fo r the  M C 68000-D P8409A  M em ory System  
CK /A S  /U D S  /L D S  R /R F R Q  /C A S  /C S  W AIT GND /O E  /C L  /C U  /C  /B  /A  /R F S H  /D T A C K  /R A S IN  VCC 
IF (VCC) RASIN =  AS  •  /R F S H  •  /A  +  RFSH •  R •  A  •  W A IT
IF (CS) DTACK =  /R  •  CAS •  W AIT +  UDS •  /A  •  /B  •  /W A IT  +  LDS •  /A  •  /B  •  /W A IT  +  AS •  /R  •  /A  •  /B  •  /W A IT  +  AS 
•  /R F S H  •  R •  /A  •  /B  •  W A IT
RFSH: =  /A S  •  RFRQ +  RFSH •  /R  •  /C  •  W A IT  +  RFSH •  R •  /A  •  W A IT +  RFSH •  /C  •  /W A IT  
A: =  RFSH 
B: =  A 
C: =  B
IF (VCC) CU =  UDS •  CDS 
IF (VCC) CL =  LDS •  CAS

Function Table
CK AS UDS LDS R RFRQ CAS CS W A IT OE CL CU C B A RFSH D TACK RASIN
C H L L H H H H L L H H X X X X X H
c H L L H H L H L L L L X X X X X H
c H L H H H L H L L H L X X X X X H
c H H L H H L H L L L H X X X X X H
c H H H H H H H L L H H H H H H z H
c L L H H H H L L L H H H H H H L L
c L L H H H L L L L H L H H H H L L
c L H H H H L L L L H H H H H H H L
c L H H L H L L L L H H H H H H L L
c L L H L H L L L L H L H H H H L L
c H H H L H H L L L H H H H H H H H
c H H H L L H L L L H H H H H L H H
c H H H L L H L L L H H H H L L H H
c L H L L H H L L L H H H L L L H H
c L H L L H H L L L H H L L L L H H
c L H L L H H L L L H H L L L H H H
c L H L L H H L L L H H L L H H H L
c L H L L H L L L L L H L H H H L L
c L H L L H L L L L L H H H H H L L
c H H H L H L L L L H H H H H H H H
c H H H L L H L H L H H H H H L H H
c H H H L L H L H L H H H H L L H H
c L L L L H H L H L H H H L L L H H
c L L L L H H L H L H H L L L L H H
c L L L L H H L H L H H L L L H H H
c L L L L H H L H L H H L L H H H L
c L L L L H L L H L L L L H H H L L
c H H H L H L L H L H H H H H H L H
c H H H L H H H H L H H H H H H Z H
c H H H H L H L H L H H H H H L H H
c H H H H L H L H L H H H H L L H L
c L L H H H H L H L H H H L L H H H
c L L H H H H L H L H H L L H H H L
c L L H H H L L H L H L L H H H L L
c H H H H H L L H L H H H H H H H H
c H H H H H H L H H H H Z Z Z Z H H
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