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A PAL Interface for a

25 MHz and above No-Wait
State DP8422A/80286 Burst
Mode DRAM Memory
System

I. INTRODUCTION

This application note describes a two PAL designs that in-
terface the DP8422A to the 80286 CPU. The first design
allows the 80286 to be operated at up to 40 MHz (80286-
20) with one wait state inserted during normal accesses.
The second design allows the 80286 to operate at up to
40 MHz (80286-20) with zero wait states inserted when op-
erating the DRAMSs in page mode. Design number two also
makes use of the 74ALS6311 page detector to determine
whether the 80286 current access is within the same page
as the previous access. It is assumed that the reader is
familiar with the 80286, the DP8422A DRAM controller, the
74ALS6311 and the basics of PAL design.

1. DESCRIPTION OF DESIGN # 1, 80286 OPERATING AT
UP TO 40 MHz WITH ONE WAIT STATED (80286-20)

The block diagram of this design is shown driving two banks
of DRAM, each bank being 16 bits in width, giving a maxi-
mum memory capacity of up to 4 Mbytes (using 1 Mbit x 1
DRAMs). This memory could easily be expanded up to
32 Mbytes using four banks of 4 Mbit DRAMs.

The memory banks are interleaved on word (16-bit word)
boundaries. This means that the address bit (A1) is tied to
the bank select input of the DP8422A (B1).

Address bit AO is used, along with Bus High Enable (BHE),
to produce the two byte select ECAS~ 0,1 strobes. These
byte select strobes (ECAS ~ 0,1) enable the CAS~ outputs
which are used in byte reads and writes.

If the majority of accesses made by the 80286 are sequen-
tial, the 80286 can alternate memory banks, allowing one
memory bank to be precharging (RAS~ prechargé) while
the other banks are being accessed. Each separate memo-
ry access to the same memory bank will require extra wait
states to be inserted into the CPU access cycles to allow for
the RAS~ precharge time.

This application inserts 1 wait state in normal accesses of
the 80286. The number of wait states can be adjusted
through the WAITIN input of the DP8422A.

The logic shown in this application note forms a complete

80286 memory sub-system, no other logic is needed. This

sub-system automatically takes care of:

A. Arbitration between Port A, Port B, and refreshing the
DRAM;

B. The insertion of wait states to the processor (Port A and
Port B) when needed (i.e., if RAS ~ precharge is need-
ed, refresh is happening during a memory access, the
other Port is currently doing an access . . . etc);

National Semiconductor
Application Note 618

C. Performing byte writes and reads to the 16-bit words in
memory.

It is important that the 74AS00 NAND gates (U1) be in the

same package so these delays (CLK~, S01) track each

other.

By using the “output control” pins of some external latches
(74AS373's), this application can easily be used in a dual
access application. The addresses could be tri-stated
through these latches, the write input (WIN~), lock input
(LOCK ~), and ECAS ~ 0-3 inputs must also be able to be
tri-stated (a 74AS244 could be used for this purpose). By
multiplexing the above inputs (through the use of the above
parts and similar parts for Port B) the DP8422A can be used
in a dual access application. If this design is used in a dual
access application the tRAC and tCAC (required RAS and
CAS access time required by the DRAM) will have to be
recalculated since the time to RAS and CAS is longer for
the dual access application (see TIMING section of this ap-
plication note).

Also, throughout this application note the symbol ‘~’ has
been used to denote and active low signal. For example
RAS~0 refers to the active low RASO output of the
DP8421A. For even higher system performance an ‘E’
speed PAL can be used.

11l. DESCRIPTION OF DESIGN #2, 80286 OPERATING
AT UP TO 40 MHz (80286-20) WITH ZERO WAIT STATES
USING PAGE MODE DRAMs

This design is very similar with respect to design #1 except
for the following differences.

The memory banks are interleaved on page (1024 word)
boundaries. This means that the address bit (A11) is tied to
the bank select input of the DP8421A (B1).

Address bit A0 is used, along with Bus High Enable (BHE),
to produce the two byte select ECAS ~ 0,1 strobes. These
byte select strobes (ECAS~ 0,1) are logically “ORed” with
the DP8421A CAS ~ outputs to produce the byte selecting
CAS ~ inputs to the DRAMs.

If the majority of accesses made by the 80286 are sequen-
tial and within a page, the 80286 in conjunction with the
page detector (74ALS6311) allow zero wait state accessing.
Each in-page memory access is completed using page
mode (toggling the CAS~ inputs).

As in design #1 itis important that the 74AS00 NAND gates
(U1) be in the same package so the delays (CLK~, S01)
track each other. For even higher system performance an
‘E’ speed PAL could be used.
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IV. 80286 DESIGNS # 1 AND #2 PROGRAMMING
MODE BITS

Programming

Bits Description

RO =0 RAS ~ low two clocks, RAS ~

R1 =1 precharge of two clocks. If more
RAS ~ precharge is desired the
user should program three
periods of RAS ~ precharge.

R2=0 DTACK~ 1, is chosen.

R3 =1 DTACK~ follows the access
RAS ~ low.

R4=0 No WAIT states during burst
accesses.

R5 =10

R6 =0 If WAITIN~ =0, add one clock
to DTACK~. WAITIN~ may be
tied high or low in this
application depending upon the
number of wait states the user
desires to insert into the access.

R7 =1 Select DTACK ~.

R8 =1 Non-interleaved Mode.

R9 = X

Co =X Select based upon the input

Cl1=X “DELCLK” frequency. Example:

Cc2=X if the input clock frequency is

C3=X 16 MHz then choose C0, 1,2 =
0, 1, 0 (divide by eight, this will
give a frequency of 2 MHz).

C4=1 RAS banks selected by “B1”.

C5 = This mode allows two RAS ~

Cé6 =1 outputs to go low during an
access, and allows byte writing
in 16 bit words.

C7 =1 Column address setup time of
Ons.

c8 =1 Row address hold time of 15 ns.

Cco=1 Delay CAS ~ during write
accesses to one clock after
RAS ~ transitions low.

BO =1 Fall through latches.

B1 =1 Access mode 1.

ECAS~0 = 1 Allow CAS ~ to be extended

after RAS ~ transitions high.
Also, allow the WE~ output to
be used as a refresh request
(RFRQ ~ ) output indicator.

0 = Program with low voltage level
1 = Program with high voltage level
X = Program with either high or low voltage level (don’t care condition)

V. 80286 TIMING CALCULATIONS FOR DESIGNS #1
AND #2 AT 32 MHz (80286-16) WITH ONE WAIT STATE
DURING NORMAL ACCESSES AND ZERO WAIT
STATES IN PAGE MODE ACCESSES (DESIGN #2
ONLY). THE WAITIN~ INPUT OF THE DP8422A
SHOULD BE TIED LOW.

1. Minimum S01 high setup time to CLK~ high (‘D’ speed
PAL needs 8 ns):
31.25 ns (one clock period, 32 MHz) — 20 ns (maximum
80286 SO~, S1~ delay, #12a) — 1 ns (maximum skew
between CLK~ and SO~, S1~ since both gates are in
the same package) = 10.25 ns.

2. Maximum address valid time (with respect to CLK~ high
during phase 1 in Ts):

62.5 ns (two clocks 32 MHz) — 31 ns (80286 address
valid delay from previous clock period, #15) + 1 ns
(minimum CLK ~ valid delay, 74AS00) = —1.25 ns (be-
fore CLK~ high phase 1 Ts).

3. Minimum address setup time to ADS~ low (DP8421A-
25 needs 14 ns, #404):

31.25 ns (one clock period) + 1.25 ns (from #2 calcula-
tion above) + 2 ns (minimum ADS~ valid delay from
CLK~ high, beginning of phase 2 in Ts) = 34.5 ns ad-
dress setup.

4. Minimum CS setup time to ADS~ low (DP8421A-25
needs 5 ns, #401): 34.5 ns (#3 above) — 10 ns (max
74ALS138 decoder) = 24.5 ns.

5. Determining tRAC during a normal access (RAS~ ac-
cess time needed by the DRAM):

156.25 ns (five clock (CLK) periods to do the access)
—4.5 ns (max delay 74AS00 for CLK~) — 8 ns (max ‘D’
speed PAL clocked output delay for ADS ~ from CLK~)
— 29 ns (ADS~ to RAS ~ low max, DP8421A-25 #402)
— 7 ns (80286 data setup time #8) — 7 ns (74F245 max
delay) = 100.75 ns.

Therefore the tRAC of the DRAM must be 100.75 ns or
less.

6. Determining tCAC during a normal access (CAS~ ac-
cess time) and column address access time needed by
the DRAM:

156.25 ns (five clock (CLK) periods to do the access)
—4.5 ns (max delay 74AS00 for CLK~) — 8 ns (max ‘D’
speed PAL clocked output delay for ADS~ from CLK~)
— 82 ns (ADS~ to RAS~ low max, DP8421A-25 #402)
— 7 ns (80286 data setup time #8) — 7 ns (74F245 max
delay) = 47.75 ns.

Therefore the tCAC and the column address access time
of the DRAM must be 47.75 ns or less.

7. Determining the column address setup time to CAS ~ 0~
3 low (0 ns needed by the DRAMSs) during burst mode
accesses for zero wait states (DESIGN #2 ONLY):
31.25 ns (phase 1in Ts) + 1.25 ns (#2 above, address
valid with respect to CLK~ beginning of phase 1 in Ts)
+ 2 ns (minimum ‘D’ speed PAL clocked output delay
from CLK~, ECAS~0,1) + 2 ns (74AS32 min delay to
CAS~0-3 low) = 36.5 ns.

This gives 1.5 ns column address setup time to CAS~
0-3 low (36.5 ns — 35 ns 8421A-25 column address
input to output valid, #26).

4-131

819-NV




AN-618

Interfacing the 80286 to the 8421A
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S0~ [—> DECLK
N~ » Wi~
st ADS~ (AREQ~)
M SRDY~ p ADS~ AL Wike
SRDY~ |« AREQ~ .
CHIP SELECT cs~ | DTACK~ (pT12~) DTACK~ 2 BANKS
DECODER > Q jm——
~ UP TO
74ALS138 A0, BHE~ ¢ RFRQ RFRQ~ (
% & RAS~0,1 » 4 BANKS)
22| A23| Mifo~ ECAS~0. 1  pqgep2t RAS~2,3 » OF 1M-BIT
[ RO-R9 DRAMS
Al CAS~0,1 b
o a1 (16 BITS
ADDRESS PER BANK)
A2-A1 CAS~2,3 N
P co-co
DATA
\E gl
ECAS~O
P ECAS~0,2
ECAS~1
P ECAS~1,3
PaL W~ |
Cc PAL ENX~ | o
TRANSCEIVER 4

TL/F/10442-1

4-132




8. Determining the tCAC (CAS ~ access time) needed dur-

ing burst mode accesses for zero wait states (DESIGN
#2 ONLY):
93.75 ns (three clocks of CLK) — 4.5 ns (74AS00 max
delay, CLK~) — 8 ns (‘D' speed PAL clocked output
delay from CLK~, ECAS~0,1) — 10 ns (74AS32 max
delay to CAS~0-3 low) — 7 ns (80286 data setup time
#8) — 7 ns (74F245 max delay) = 57.25 ns tCAC need-
ed.

9. Determining the column address access time needed
during burst mode accesses for zero wait states (DE-
SIGN #2 ONLY):

57.25 ns (#8 above, tCAC needed by the DRAM) +
1.5 ns (#7 above, column address setup time to
CAS~0-3 low) = 58.75 ns.

10. Minimum SRDY ~ (Synchronous ReaDY) setup time to
CLK low (80286 SRDY input needs 15 ns, #11):

62.5 ns (two clock periods) — 4.5 ns (74AS00 max de-
lay, CLK~) — 10 ns (‘D’ speed PAL combinational out-
put max delay to SRDY ~ low) = 48 ns.

Note: Calculations can be performed for different frequencies, different log-
ic (ALS or CMOS ... etc), and/or different combinations of wait
states by substituting the appropriate values into the above equa-
tions.

VI. 80286 PAL INPUT AND OUTPUT DESCRIPTIONS
FOR DESIGNS #1AND #2

Inputs:

CLK~ The inverted clock (CLK) of the 80286.

PCLK The half speed clock of the 80286, produced
by the 82284.

S01 The 80286 SO~ ‘NANDed’ with S1~.

S0~ The SO~ output of the 80286.

WIN~ The 80286 SO~ input low latched throughout
the access cycle.

CS~ The DRAM chip select generated from the
80286 addresses.

DT12~ The DTACK~ output of the 8421A.

A0 The least significant address bit (low byte en-
able) from the 80286.

BHE ~ The high byte enable from the 80286.

RFRQ~ The refresh request output from the 8421A.

HSA~ The High Speed Access output (comparison
equal) from the 74ALS6311.

OE~ Output enable of the PAL®.

Outputs:

ECAS~0 The low byte CAS~ enable, this output also
toggles during page mode accesses in design
#2.

ECAS~1 The high byte CAS~ enable, this output also
toggles during page mode accesses in design
#2.

SRDY ~ This is the ready input to the 80286, it is used
to insert wait states into 80286 access cycles.

8420CLK~ This is the CLOCK and DELCLK input to the
8421A. This clock runs at half of the 80286
CLK frequency.

ADS~ This is the ADS~ and AREQ~ inputs to the

8421A. In design #2 this input stays low thru
multiple accesses as long as the accesses are
within a page.

NOACC~ This PAL output is low at the end of an 80286
access and stays low until the next access
starts.

In Design #2 this output latches that an ac-
cess request occurred (from the 80286) during
an out-of-page access or refresh request dur-
ing page mode accessing.

The latched SO~ output from the 80286.

The PAL output used to enable the data trans-
ceivers.

80286 PAL EQUATIONS (DESIGN # 1)

1. Up to 40 MHz (80286-20)

PAL16R6D

CLK~ PCLK S01 S0~ CS~ DT12~ A0 BHE~ NC3 GND
OE~ ECAS~1 WIN~ ENX~ SRDY~ ADS~ NOACC~
8420CLK~ ECAS~0 VCC

If (Vcc) /ECAS~0 = /CS~*S01*S0~ */A0*8420CLK~

LREQ~

WIN~
ENX~

;READ
+/CS~*/ADS~*/DT12~
*/A0*8420CLK ~ \WRITE
+/ECAS~0*/ADS~
+/ECAS~0*/SRDY ~

If (Vo) /ECAS~1 = /CS~*S01*S0~*

/BHE ~ *8420CLK ~ ;READ
+/CS~*/ADS~*/DT12~*
/BHE ~ *8420CLK ~ WRITE

+/ECAS~1*/ADS~
+/ECAS~ 1*/SRDY ~

/8420CLK~ := /PCLK

/NOACC~ := /SRDY~*/ADS~
+/NOACC~ */PCLK
+/NOACC~ *CS~ */ADS ~
+/NOACC~ */S01

/ADS~ := /CS~*S01*PCLK
+/ADS~ *SRDY ~

/SRDY ~ 1= /CS~*/ADS~*/DT12~ *NOACC~*
/PCLK
+/SRDY ~ */ADS ~ *NOACC~

/ENX~ := /CS~*/ADS~

/WIN~ 1= /S0~ *S01

+ /WIN~ *NOACC~
+ /WIN~*/PCLK

80286 PAGE MODE PAL EQUATIONS

(DESIGN #2)

2. Up to 40 MHz (80286-20)

PAL16R6D

CLK~ PCLK S01 WIN~ CS~ DT12~ RFRQ~ HSA~

A0 GND

OE~ BHE~ ADS~ LREQ~

ECAS~ 1 ECAS~ 0 SRDY~ VCC

If (Vo)/SRDY ~ = /CS~*/ADS~*
/DT12 ~ *NOACC~ *8420CLK ~
+/SRDY ~ */ADS ~ *NOACC ~
+/SRDY ~ */ADS ~ *8420CLK ~

NOACC~ 8420CLK~
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/ECAS~0:= /CS~*S01*WIN~ */A0*/HSA~ *PCLK ;READ WITH ADS~ LOW
+/CS~*S01*WIN~ */A0*HSA~ *ADS ~ *PCLK ;READ WITH ADS~ HIGH
+/CS~*/LREQ~ */A0*/HSA~ *WIN ~ *PCLK ;READ DELAYED ACCCESS
+/CS~*/ADS~ */SRDY ~ *NOACC~ */A0*PCLK
+/ECAS~0*/ADS ~ *NOACC ~

/ECAS~1:= /CS~*S01*WIN~ */BHE ~ */HSA~ *PCLK ;READ WITH ADS~ LOW
+/CS~*S01*WIN~ */BHE ~ *HSA~ *ADS ~ *PCLK ;READ WITH ADS~ HIGH
+/CS~*LREQ~*/BHE~ */HSA~ *WIN~ *PCLK ;READ DELAYED ACCESS

+/CS~*/ADS~ */SRDY ~ *NOACC~ */BHE ~ *PCLK
+/ECAS~ 1*/ADS ~ *NOACC
/8420CLK~ := /PCLK i
/NOACC~ := /SRDY~*/ADS~
+/NOACC~ */PCLK ‘
+/NOACC~*CS~ */ADS~
+/NOACC~ */S01
/LREQ~:= /CS~*S01*HSA~*/ADS~
+/CS~*S01*/RFRQ~ */ADS ~
+/LREQ~*ADS~
/ADS~: = CS~*S01*ADS~ *RFRQ~ *PCLK
+/LREQ~ */HSA~ *PCLK
+/ADS~ *NOACC~
+/ADS~ */NOACC~ *RFRQ~ */HSA~
+/ADS~ */NOACC~ */PCLK
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Interfacing 80286/8421A Using Page Mode Accessing (Design # 2)

123‘6.[) 8420CLK~ R cul()P8421A
I——ﬂ DECLK
Ot .
ADS~ (AREQ~) N
AREQ~
DTACK~ (DT12w~) oTACK
SROY~ J¢ N ~
| RFRQ~ RFRG~ Q
CHIP SELECT Cs~ N
DECODER > RAS~0,1
4ALS1 ~
i 7 sis A0, BHEr ECAS~0, 1 M2-A21 RAS~2,3
HSAY RO-R9
22| 23| mi/o~ > T CAS~0,2
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ADDRESS
8420CLK~ FROM PAL Al=A10 CAS~1,3
€0-C9
DATA HSA~
l ¢ Al1=A21 PAGE | ciken Tuw
DETECTOR [
74ALS6311 RCAS~0-3

: PAL ADS~ l

c WIN~ R

O PAL SROY~ |
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—I (UP T0
4 BANKS)
» OF 1M=BIT
LOW BYTE DRAMS
ECAS~0 (16 BITS
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ECAS~1 i >—D
Y

TL/F/10442-3

@At high frequencies (CLK > 32 MHz) the WIN~ input may need to be sampled by a flip-flop (clocked by 8420CLK ~ ) before being input to the PAL to meet the
setup requirements of the PAL inputs. This would have the effect of delaying ECAS ~ 0,1 becoming valid by one clock period (CLK ~ ) during read accesses, this

would not affect the performance of this interface.
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Interfacing the
DP8420A/21A/22A
to the 80386

INTRODUCTION

This application note describes how to interface the 80386
microprocessor to the DP8422A DRAM controller (also ap-
plicable to DP8420A/21A). The 80386 is interfaced with the
DP8422A in both address pipelined (Design #1) and non-
address pipelined (Design #2) mode up to 50 MHz (80386-
25). It is assumed that the reader is already familiar with
80386 access cycles and the DP8422A modes of operation.

1. DESCRIPTION OF DESIGN # 1A and 1B, THE 80386 IN
ADDRESS PIPELINED MODE, ALLOWING OPERATION
UP TO 40 MHZ (80386-25) WITH ONE WAIT STATE PER
ACCESS. (TWO WAIT STATES PER ACCESS AT 50
MHZ2)

The #1 Designs (80386 in address pipelined mode) consist
of the DP8422A DRAM controller, a single PAL®
(PAL16R8D), and several logic gates. These parts interface
to the 80386 as shown in the block diagrams. This design
accommodates two banks of DRAM, each bank being 32
bits in width, giving a maximum memory capacity of 32
Mbytes (using 4 Mbit x 1 DRAMSs). See Figures 1-5.

Design #1A differs from # 1B in terms of the maximum op-
erating frequency. Design #1A can operate up to 40 MHz,
Design # 1B can operate up to 50 MHz. Designs #1A and B
allow 1 wait state per access for read cycles and 2 wait
states per access for write cycles in address pipelined
mode.

The memory banks are two way interleaved. This means
that the least significant address bit (A2) is tied to the bank
select input of the DP8422A (B1). Because the majority of
accesses made by the 80386 will be sequential, one memo-
ry bank can be precharging (RAS precharge) while the other
bank is being accessed. This allows the memory system to
be much higher performance than a non-interleaved memo-
ry system. In a non-interleaved memory system, each suc-
cessive access will generally be to the same memory bank
thereby requiring extra wait states to be inserted into the
CPU access cycles to allow for the RAS precharge time.

In Designs 1A and 1B, the PAL (PAL16R8D) is used primari-
ly to support the address pipelining capability of the 80386
(next address input, NA#). Since the NA# input is only al-
lowed to drop low at the end of the current access no ad-
dress latches are needed in the system. If address buffers
were desired they could be used, but the DP8422A-25
would have to be used in order to meet the bank address
and chip select setup times (see “80386 32 MHz Timing
Calculations” section). An input is provided (EXT_NA) on
the PAL for other system peripherals to have their NA inputs
synchronized to the system clock (up to 50 MHz).

Designs 1A and 1B have one wait state during successive
address pipelined accesses to alternating memory banks.
During accesses to the same memory bank multiple wait
states will be inserted to guarantee RAS precharge.

The “U2” gates need to all be part of the same chip to
guarantee that “DIR" to the transceivers only changes state
while enable to the transceivers is high.

National Semiconductor
Application Note 536
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If the user desires two wait states during successive ad-
dress pipelined accesses (an extra wait state per access),
this can be accomplished by running RASO and RAS2
through a flip-flop (clocked by CLKA) before allowing them
to be input to the PAL in Design # 1B. This will delay NA and
READY by one CLKA clock period. In Design #1A the
WAITIN input could be tied low and programmed to add 1
clock to the DTACK output.

If the user wants to do dual accessing with the DP8422A
DRAM controller, address buffers (74AS244s) must be add-
ed to the address, ECAS0-3, LOCK, and WIN inputs. For
the 32 MHz system (80386-16), the system diagram will
remain unchanged, but the user will need to use the faster
DP8422A-25 part.

For higher frequency dual access memory systems (above
32 MHz), these designs will have to be modified as above.
Also, CLKA should be inverted (use 1Q output from
74AS175). This will cause RAS to be started one half CLKA
clock period later, allowing extra address and chip select
setup time to the DP8422A.

1. DESCRIPTION OF DESIGN #2, (A, B, AND C). THE
80386 IN NON-ADDRESS PIPELINED MODE, ALLOWING
OPERATION UP TO 40 MHZ (80386-20) WITH TWO WAIT
STATES PER ACCESS (50 MHZ WITH THREE WAIT
STATES)

Design #2A (80386 not using address pipelined mode) con-
sists of the DP8422A DRAM controller, several flip-flops
(74AS175), and several logic gates (see Figure 7A). De-
signs #2B, C are PAL based designs (see Figures 7B, C).
These parts interface to the 80386 as shown in the block
diagrams. This design accommodates two banks of DRAM,
each bank being 32 bits in width, giving a maximum memory
capacity of 32 Mbytes (using 4 Mbit x 1 DRAMSs). See Fig-
ures 6-10.

The memory banks are two way interleaved. This means
that the least significant address bit (A2) is tied to the bank
select input of the DP8422A (B1). Because the majority of
accesses made by the 80386 will be sequential, one memo-
ry bank can be precharging (RAS precharge) while the other
bank is being accessed. This allows the memory system to
be much higher performance than a non-interleaved memo-
ry system. In a non-interleaved memory system, each suc-
cessive access will generally be to the same memory bank
thereby requiring extra wait states to be inserted into the
CPU access cycles to allow for the RAS precharge time.

Designs #2A, B, C have two wait states during successive
accesses to alternating memory banks. During accesses to
the same memory bank multiple wait states will be inserted
to guarantee RAS precharge.

If the user desires three wait states during successive ac-
cesses (an extra wait state per access), this can be accom-
plished by pulling WAITIN low during accesses. WAITIN
should be programmed to add one clock period (CLKA) to
the DTACK output. This will delay READY by one CLKA
clock period.
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If the user wants to do dual accessing with the DP8422A
DRAM controller address buffers (74AS244s) must be add-
ed to the address, ECAS0-3, LOCK and WIN inputs. For
the 32 MHz system (80386-16), the system diagram will re-
main unchanged, but the user will need to use the faster
DP8422A-25 part.

For higher frequency dual access memory systems (above
32 MHz), design # 2 will have to be modified as above. Also,
CLKA should be inverted (use TQ output from 74AS175).
This will cause RAS to be started one half CLKA clock peri-
od later, allowing extra address and chip select setup time
to the DP8422A.

11l. COMMON DESIGN FEATURES

The logic shown in these applications form a complete
80386 memory sub-system, no other logic is needed. This
sub-system automatically takes care of:

a. arbitration between Port A, Port B, and refreshing the
DRAM;

b. the insertion of wait states to the processor (Port A) when
needed (i.e., one wait state during address pipelined ac-
cesses (#1 Designs), two wait states during non-address
pipelined accesses (Design #2), multiple wait states if an
access takes place during a refresh operation or if RAS
precharge is needed . . . etc.);

c. enabling address pipelining on the 80386 through the
NA# input (#1 Designs only), and

d. performing byte writes and reads to the 32-bit words in
memory.

The timing calculations for two designs (Designs #1 and
#2) are included in this application note with the DP8422A
interfaced to the 80386-16 running at 32 MHz and the
80386-20 running at 40 MHz.

Since the DP8420A/21A/22A has a column address hold
time of 32 ns the minimum time between two accesses (to
guarantee 0 ns row address setup time) is 150 ns (equiva-
lent to three clock periods at 20 MHz, 150 ns).

When using the DP8420A/21A/22A at 20 MHz the user
should program three clock periods of precharge. This is
because two clock periods of precharge at 20 MHz will only
guarantee 81 ns of RAS precharge (2 x 50 ns — tpq, (pa-
rameter #50 “14 ns”) — clock (20 MHz) to AREQ high,
(approximately 5 ns for both design #1 and #2)).

In Design #2A the four gates “A1, A2, B, C" are not neces-
sary if the system designer already has some means of cor-
rectly enabling the data transceivers. Also, in Design #2A
the NOR gate that produces READY will not be needed in
many systems, the 3Q output of the 74AS175 could be used
instead (READY2.5). Though, this output would not allow
quite as much READY setup time as the output of the NOR
gate.

Because of the way ALE is generated to the DP8422A, two
pulses of ALE may be generated during each access (see
timing diagrams 3, 4, 5, 8, 9 and 10). This is not detailed in
the DP8420A/21A/22A data sheet but this is permissible as
long as no glitches happen after AREQ transitions low for
that access. Therefore, this is a valid way of providing ALE
to the DP8422A.
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1V. 80386 DESIGN +# 1 AND #2, PROGRAMMING MODE BITS

Programming

0 = Program with low voltage level
1 = Program with high voltage level

Bits Description
RO =1 RAS low four clocks, RAS precharge of three clocks
R1 =1
R2 =X
R3 =X
R4 =0 No WAIT states during burst accesses
R5 =
R6 = X
R7 =X
R8 =0 Interleaved Mode (requires DRAMs with a column address hold time of 32 ns or less)
R9 =X
Co =X Select based upon the input clock frequency. Example: if the input clock frequency is 16 MHz then choose
C1=X Co, 1,2 = 0, 1, 0 (divide by eight, this will give a frequency of 2 MHz).
c2=X
C3=X
C4=1 RAS and CAS groups selected by “B1”. This mode allows two RAS and two CAS outputs to go low during
C5=0 an access.
C6 =1
C7 = Column address setup time of 0 ns.
C8 = Row address hold time of 15 ns.
Co=1 Delay CAS during write accesses to one clock after RAS transitions low
BO =1 Fall-thru latches
B1=0 Access mode 0
ECAS0=0 Non-extend CAS

X = Program with either high or low voltage level (don’t care condition)

V. 80386 #1 DESIGNS (AND #2 DESIGN), 32 MHZ TIM-
ING CALCULATIONS, WITH ONE WAIT STATE PER AC-
CESS IN ADDRESS PIPELINED MODE, TWO WAIT
STATES PER ACCESS IN NON-ADDRESS PIPELINED
MODE (DP8422A-20 USES THE 16 MHZ CLOCK)
Note: Design #2 timing calculations are the same as De-
sign #1 except for those calculations involving “CLKA”,
Timing calculations involving the minimum or maximum de-
lay or skew of CLKA with respect to CLK2 should be recal-
culated substituting the 74AS175 parameters for the PAL
parameters.
1. Maximum time to address valid (with respect to 16 MHz
clock):
40 ns (maximum time to address valid)—2 ns (“D” speed
PAL minimum delay, because 16 MHz clock is from PAL
with minimum delay as skew from 32 MHz CPU clock) =
38 ns
2. Maximum time to ALE high (with respect to 16 MHz
clock):
35 ns (maximum ADS valid) + 4.5 ns (74AS02 maximum

w

o

delay)—2 ns (“D” speed PAL minimum clock delay,
for skew between 32 MHz and 16 MHz clock) = 37.5 ns
The CLKA delay to ALE through 74AS02 is similar: 31 ns
(one half clock period, 16 MHz) +4.5 ns (74AS02 maxi-
mum delay) +1.5 ns (PAL estimated skew between low
to high and high to low clock to output delay) = 37 ns
Minimum ALE high setup time to CLKA high (DP8422A~
20 needs 16 ns):

62.5 ns (one clock period, 16 MHz)—37.5 ns (#2) =
25ns

Minimum address setup time to CLKA high (DP8422-20
needs 20 ns):

62.5 ns (Once clock period, 16 MHz)—38 ns (#1) = 24.5
ns

Minimum CS setup time to CLKA high (DP8422-20
needs 14 ns):

24.5 ns (#4)—9 ns (74AS138 decoder) = 15.5 ns
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6. Determining tgac (RAS access time needed by the
DRAM):
250 ns (four clock periods at 16 MHz)—62.5 ns (one
clock period) —8 ns (PALmaximum delay low to high from
CLK2 clock, clock skew)—10 ns (data setup time) —7 ns
(74AS245)—32 ns (CLK to RAS low) = 130.5 ns
Therefore the tgac of the DRAM must be 130.5 ns or
less.

7. Determining tcac (CAS access time needed by the
DRAM):
250 ns —62.5ns —8 ns —10 ns —7 ns —89 ns (CLK to
CAS low) = 73.5 ns

Therefore the tcac of the DRAM must be 73.5 ns or less.
COMMON 120 ns DRAMS WILL MEET THIS tgac AND
tcac PARAMETER.

8. Minimum setup of DTACKO to the PAL16R8D, DESIGN
#1 ONLY, (need 10 ns):

62.5 ns (one clock period) —8 ns (PAL maximum delay
low to high from clock, clock skew 32 MHz vs 16 MHz)
—41 ns (clock to DTACKO valid from DP8422A-20) =
13.5 ns

9A. Minimum READY setup time to READY being sampled
(20 ns is needed by the 80386) DESIGN #1A and #1B:

31.25 ns (one half clock period) —8 ns (maximum “D”
PAL clocked output delay) = 23.25 ns
Minimum READY setup time to READY being sampled
(20 ns is needed by the 80386) DESIGN #2:
IF 74AS02 IS USED TO PRODUCE READY:
31.25 ns (Last one half clock period of T2) + 13 ns
[17.5 ns (see in note below) —4.5 ns (max 74AS02 De-
lay)] = 44.25 ns
IF 3Q OUTPUT OF 74AS175 IS USED FOR READY:
31.25 ns (Last one half clock period of T2) —10 ns (max
delay of 74AS175) = 21.25 ns
Note: DTACK1.5 setup to 74AS175 input, used to generate DTACK2.5
(74AS175 needs 3 ns):
62.5 ns (one clock period at 16 MHz) —45 ns [7.5 ns
(CLKA max delay) + 33 ns (DP8422A-20 DTACK1.5
max delay) + 4.5 ns (74AS02 max delay)] = 17.5 ns
setup to mid T2 of last access clock period.

10. Minimum NA setup time to NA being sampled, Design
#1 only (10 ns is needed by the 80386):

31 ns (one clock period at 32 MHz) —8 ns (maximum
“D” PAL clocked output delay) = 23 ns

Vi. 80386 # 1 DESIGNS (AND #2 DESIGN), 40 MHZ TIM-
ING CALCULATIONS, WITH ONE WAIT STATE PER AC-
CESS IN ADDRESS PIPELINED MODE, TWO WAIT
STATES PER ACCESS IN NON-ADDRESS PIPELINED
MODE (DP8422A-25 USES THE 20 MHZ CLOCK)

***Note: Design #2 timing calculations are the same as Design# 1 except
for those calculations involving “CLKA”. CLKA is produced by a
74AS175 in Design #2 instead of a “D” speed PAL (Design #1).
Therefore the timing calculations involving the minimum or maxi-
mum delay or skew of CLKA with respect to CLK2 should be recal-
culated substituting the 74AS175 parameters for the PAL parame-
ters.

1. Maximum time to address valid (with respect to 20 MHz

clock):
32 ns (maximum time to address valid) —2 ns (“D” speed
PAL minimum delay, because 20 MHz clock is from PAL
with minimum delay as skew from 40 MHz CPU clock) =
30 ns

9B.

2. Maximum time to ALE high (with respect to 20 MHz
clock):
30 ns (maximum ADS valid) +4.5 ns (74AS02 maximum
delay) —2 ns (PAL minimum clock delay, for skew be-
tween 40 MHz and 20 MHz clock) = 32.5 ns
The CLKA delay to ALE through 74AS02 is: 25 ns (one
half clock period, 20 MHz) +4.5 ns (74AS02 maximum
delay) +1.5 ns (PAL skew between low to high and high
to low clock to output delay) = 31 ns

3. Minimum ALE high setup time to CLKA high (DP8422A-
25 needs 15 ns):
50 ns (one clock period, 20 MHz) —32.5 ns (#2) =
17.5 ns

4. Minimum address setup time to CLKA high (DP8422A-25
needs 18 ns):

50 ns (one clock period, 20 MHz) —30 ns (#1) = 20 ns

5. Minimum CS setup time to CLKA high (DP8422A-25
needs 13 ns):
20 ns (#4) —6 ns (74AS139 two to four decoder) =
14 ns
6. Determining tgac (RAS access time needed by the
DRAM):
200 ns (four clock periods at 20 MHz) —50 ns (one clock
period) —8 ns (PAL maximum delay low to high from
CLK2 clock, clock skew) —10 ns (data setup time) —7 ns
(74AS245) —26 ns( CLK to RAS low) = 99 ns
Therefore the tgac of the DRAM must be 99 ns or less.
7. Determining tcac (CAS access time needed by the
DRAM): }
200 ns =50 ns —8 ns —10 ns —7 ns —79 ns (CLK to
CAS Low) = 46 ns
Therefore the tcac of the DRAM must be 46 ns or less.
. Minimum setup of DTACKO to the PAL16R8D, DESIGN
#1 ONLY, (need 8 ns): .
50 ns (one clock period) —8 ns (PAL maximum delay low
to high from clock, clock skew 20 MHz vs 40 MHz)
—33 ns (clock to DTACKO valid from DP8422A-25) =
9 ns
9A. Minimum READY setup time to READY being sampled
(11 ns is needed by the 80386) DESIGN #1:
25 ns (one half clock period) —8 ns (maximum “D” PAL
clocked output delay) = 17 ns )
Minimum READY setup time to READY being sampled
(11 ns is needed by the 80386) DESIGN #2:
IF 74AS02 IS USED TO PRODUCE READY:
25 ns (Last one half clock period of T2) +5.5 ns [10 ns
(see in note below) —4.5 ns (max 74AS02 delay)] =
30.5 ns
IF 3Q OUTPUT OF 74AS175 IS USED FOR READY:
25 ns (Last one half clock period of T2) —10 ns (max
delay of 74AS175) = 15 ns
Note: DTACK 1.5 setup to 74AS175 input, used to generate DTACK2.5
(74AS175 needs 3 ns): .
50 ns (one clock period of 20 MHz) —40 ns [7.5 ns
(CLKA max delay) +28 ns (DP8422—-25 DTACK1.5 max
delay) +4.5 ns (74AS02 max delay)] = 10 ns setup to
mid T2 of last access clock period.
10. Minimum NA setup time to NA being sampled, Design
#1 only (8 ns is needed by the 80386):
25 ns (one clock period at 40 MHz) —8 ns (maximum
“D” PAL clocked output delay) = 17 ns

o]

9B.
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VII. 80386 DESIGN # 1, PAL EQUATIONS WRITTEN IN NATIONAL SEMICONDUCTOR PLANT™M FORMAT
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DESIGN #1A UP TO 40 MHz (80386-20)
PAL16R8D
CLK2 82384CLK ADS CS DTACKO EXT_NA W Bl RESET GND

B1WE :=ADS3D*ADS1D*READ*DTACKO*B1
+B1WE*CLKA*READ*RESET

BOWE :=ADS3D*ADS1D*READ*DTACKO*BL
+BOWE*CLKA*READ*RESET

ADS3D :=ADS1D*CLKA*RESET
+ADS3D*CLKA*RESET

VA :=DTACKO*ADS1D*CLKA*RESET*W
+DTACKO*ADS1D*ADS3D*BOWE*CLKA*RESET
+DTACKO*ADS1D*ADS3D*B1WE*CLKA*RESET
+EXT_NA*CLKA*RESET
+NA*CLKA*RESET

READY :=NA*ADS3D*ADS1D*DTACKO*CLKA*RESET
+READY*ADS3D*DTACKO*RESET

ADSID :=ADS*CLKA*CS
+ADS1D*NA*RESET
+ADS1D*CLKA*RESET

READ :=CS*W*ADS1D*CLKA*RESET
+READ*ADS1D*RESET
+READ*CLKA*RESET

CLKA :=82384CLK

DESIGN #1B UP TO 50 MHz (80386-25)
PAL1GR8D
CLK2 82384CLK ADS CS RASO RAS2 W NO_NA RESET GND

BIWE :=ADS3D*ADS1D*READ*RAS2*NO_NA
+B1WE*CLKA*READ*RESET

BOWE :=ADS3D*ADS1D*READ*RASO*NO_NA
+BOWE*CLKA*READ*RESET

ADS3D :=ADS1D*CLKA*RESET
+ADS3D*CLKA*RESET

NA :=RAS0*ADS1D*CLKA*RESET*NO_NA*W

+RASO*ADS1D*ADS3D*B1WE*CLKA*RESET
+RAS2*ADS1D*CLKA*RESET *NO_NA*W

+RAS2*ADS1D*ADS3D*B1WE*CLKA*RESET
+NA*CLKA*RESET

READY :=NA*ADS3D*ADS1D*RAS0O*CLKA*RESET*NO_NA

+READY*ADS3D*RAS0*RESET*NO_NA . RFIP
+NA*ADS3D*ADS1D*RAS2*CLKA*RESET*NO_NA RFIP _
+READY*ADS3D*RAS2*RESET*NO_NA CRANTB NO_NA

ADS1D :=ADS*CLKA*CS TL/F/9730-12
+ADS1D*NA*RESET
+ADS1D*CLKA*RESET

READ :=CS*W*ADS1D*CLKA*RESET
+READ*ADS1D*RESET
+READ*CLKA*RESET

CLKA :=82384CLK

Logic Needed for “NO__NA" Term in Design #1B
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Key: Reading PAL Equations Written in PLAN

EXAMPLE EQUATIONS: READ:=CS_RD*ADS1D*CLKA
+READ*ADS1D
+READ*CLKA

This example reads: the output “READ” will transition low

on the next rising “CLK2” clock edge (given that one of the

following conditions are valid, a setup time before “CLK2”

transitions high);

1. the input “CS_RD” is high AND the input “ADS1D” is
high AND the input “CLKA” is low, OR

2. the output “READ” is low AND the input “ADS1D"” is low,
OR

3. the output “READ” is low AND the input “CLKA” is high

| CLOCK I

CLK2,
CK ADDRESS, M/i0 oLy
- COLUMNO-9 Q0-10
[ B1 — ]
|
CLK2,
CLK CLKA  CLK,DLYCLK
A 4 —
B, DTACK (or RASO,2) Raso1
ADS R NEXT ADDRESS CASM_ q MEMORY
= Pl REQUEST, READY, BANKO WEO-3 1 1wo 32 BIT
80386 WR M clock oeNerator, |ALE ALE | Dpaazza 7 BANKS
_ DP8422A CONTROL, | ADS3D  AREQ __
BEO-3 , 4 AND READ/WRITE b RAS2-3 || NTERLEAVED
7 > CONTROL LOGIC Wi CAs 7
_ S2-
WA WiIN Dy S
w0 BANK1 WEO-3
WA ECAS0-3
N 4
e
ENABLEO-3 _
DR |
74F245
DATA_BUS0=31
4
TL/F/9730-1

FIGURE 1. 80386 Design # 1 (A and B), System Block Diagram for Address Pipelined
Mode Operation at up to 50 MHz (DP8422A Uses Half Speed Clock, CLKA)
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05 ' YO = > 10 DP8422A ALE INPUT
Tzo
80386 HIGH SPEED CLOCK [=>> ck2 1 19_BIWE __
80386 HALF SPEED CLOCK [=>- 2 82384CLK z 18__ADS3D N A0S > 10 bpas22A REG INPUT
80386 ADS OUTPUT >~ ADS 17N S5 —= > 1080586
DRAM CHIP SELECT [~ s 4 16__READY S S REAY =~ 10 80386
DPB422A DTACKO DTACKO S| gosss |15 READ —
EXTERNAL NA's EXTNA 6] PAL |14 cLka
(FROM OTHER PERIPHERALS) [=> —— & o Dreszze
80386 WRITE ° {
OUTPUT > B1 8 12 BOWE INPUTS EARLE
80386 ADDRESS BiT [=> 5 T To ENABLE's
FOR DP8422A BANK 3 OF BYTE DATA
SELECT TRANSCEIVERS
- 10 =
__ RESET A
SYSTEM RESET =

10 DPB422A
ECAS0, ECAS1
10 DPB422A
ECAS2, ECAS3

BE(3:0)

FIGURE 2. 80386/DP8422A Interface Control Logic for Design # 1A

BIWE

DIR
B, =
TO DIRECTION OF TRANSCEIVERS

W_B13 P
»—{"> DRAM BANK1 BYTE WRITES

TL/F/9730-2
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cs
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ADSTD
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w1
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1EL 15 T
oy
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RFIP
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|
RAS 2,3 L WRITE |
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CAS 2,3 1 M |
1 BANK 0
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N
-

_ —
DR | [ 1 | —

ADDRESS X ADD X 4'@ N+l X MDD N+2 X___a00 ne3
— I
DATA R )~( ‘ : WRITE_N& D, READ N¥2

[« READ ACCESS N ———>f«———— WR"'E‘ :(iCESS ————le— READ ACCESS __,|
N+2

TL/F/9730-3
FIGURE 3. 80386 Design # 1 (A and B) Address Pipelined Timing
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FIGURE 4. 80386 Design # 1 Address Pipelined Timing
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FIGURE 5. 80386 Design # 1 Address Pipelined Timing
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I CLOCK I

CLK2,
o ADDRESS, M/i0 ROW0~9
M/ COLUMNO-9 =10
l B —
|
cLK2,
Ck | CLKA  CLK, DLYCLK
— A | o
ADS I s03se/oaazza | RQ RSo-1 )
W/R .| INTERFACE CONTROL | GRANTB o1
RSO octc G g w’/‘g "2 o
80386 RS2 READY, o rram 2 0321
_ CLOCK GENERATOR, N . i
BEO-3 , 4 | DPB422A CONTROL, AREQ  AREQ | RAS2-3 N
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CONTROL LOGIC  J—tRIEEN WIN ) chs2-3
| READY T WE >
LW ECAS0-3
PLLEPRUS ,/7 >
§ WRITEER B
WRITE_EN =
EN_TRAN —
TRANSCEIVERS
DATA BUS 0-31 r

TL/F/9730-6
FIGURE 6. 80386 Design # 2(A, B, C) System Block Diagram for Non-Address Pipelined
Mode Operation at up to 50 MHz (DP8422A Uses One Half Speed Clock)
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ADS ADS
ALE ALE
> A >c * —> 10 DPB422A
ALE I
CLKA CLKA o TO DP8422A CLK AND
" ‘ pre— pun— DELCLK INPUTS.
o Dﬁ T~ 10 DP84224 WIN INPUT
AND "DIR" INPUT OF
CLKA THE TRANSCEIVERS
3 cs
> > 10 DPB422A
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82384_CLK (CLK) 82384_CLK CLKA RDY2_5 o
> 0 10 Do——D TO DP8422A
1 S,
el zg ALE1D s
7 s D RN [~ 10 TRANSCEVERS
o UJ
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2 e DY cs
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& RDY3
o CLK2 (32MHz CLOCK) e |
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RDY2_5 RDY2_5 J—
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FIGURE 7a. 80386/DP8422 Interface Control Logic for Design #2A
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PAL16R4D
CLK2 82384.CLK CS~ ADS~ W DTACKl~ NCl NC2 NC3 GND
OE~ NC4 NC5 RDY.D~ READY~ AREQ~ CLKA ALE WRITE_EN~ VCC

9€G-NV

IF (VCC) WRITE_EN~ = W * JAREQ~
IF (VCC) ALE = /ADS~ * /CLKA * AREQ~
CLKA := /82384_CLK

AREQ~ := /CS~ * ALE * /CLKA
+ JAREQ~ * /CS~ * READY~ * RDY_D~

READY~ := /CS~ * JAREQ~ * /DTACKl~ * RDY_D~ * /CLKA

+ /READY~ * /CS~ * JAREQ~ * RDY_D~
RDY_D~ := /CS~ * JAREQ~ * /DTACKl~ * /READY~
FIGURE 7B Design # 2B: 80386 Non-Pipelined PAL (up to 20 MHz)

PAL16R4E
CLK2 82384.CLK CS~ ADS~ W DTACK2~ NCl1 NC2 NC3 GND
OE~ NC4 READY~ RDY_D~ NC5 AREQ~ CLKA ALE WRITE_EN~ VCC

IF (VCC) WRITE_EN~ = W * JAREQ~
IF (VCC) ALE = JADS~ * JCLKA * AREQ~

IF (VCC) READY~ = /CS~ * JAREQ~ * /DTACK2~ * RDY.D~ * CLKA
+/READY~ * /CS~ * JAREQ~ * /CLKA

CLKA := /82384_CLK

AREQ~ := /CS~ * ALE * /CLKA
+ /JAREQ~ * /CS~ * READY~ * RDY.D~

RDY_D~ := /CS~ * JAREQ~ * /DTACK2~ * CLKA
+/RDY_D~ * JREADY~ * JAREQ~
+/RDY_D~ * /CLKA

If the PAL design is used, the timing diagrams of FIGURES 8, 9, 10 will be the same with the exception of AREQ which will look
like the EN_TRAN waveform. The AREQ output will drive EN_TRAN. The meaning of AREQ~ is the same AREQ.

FIGURE 7C. Design # 2C: 80386 Non-pipelined PAL (up to 25 MHz. In this PAL design an external 74F74 Flip-Flop is used
to capture ‘DTACK1~ which has a setup time of [40 ns-7.5 ns (CLKA delay) — 28 ns (DOTACK1~ delay) =] 4.5 ns. This
4.5 ns setup time is too small for any current PAL to capture. The captured ‘DTACK1~ is called ‘DTACK2~").
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FIGURE 11. 80386 Design # 1 and #2, DRAM Speed Verses Processor Speed (The Processor Speed is Referencing the
82384 “CLK” Output, The DRAM Speed is Referencing the RAS Access Time “tgac” of the DRAM)
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Interfacing the
DP8420A/21A/22A to the
80386 (Zero Wait State
Burst Mode Access)

INTRODUCTION

This application note describes how to interface the 80386
microprocessor to the DP8422A DRAM controller (also ap-
plicable to DP8420A/21A) with burst mode access. The
80386 is running at 16 MHz, 20 MHz, or 25 MHz speed. Itis
assumed that the reader is familiar with the 80386 and
DP8422A modes operation.

DESCRIPTION

Two designs in this application note are provided to support
page mode access in interfacing the DP8422A to the 80386
microprocessor. The DP8422A is operated in Mode 1 in
both designs. An access cycle begins when the 80386
places a valid address on the address bus and asserts the
Address Strobe (/ADS) if a refresh or Port B (DP8422A
only) access is not in progress. During the burst access all
/RAS’s are kept low while toggling /CAS’s. The burst ac-
cess can be terminated when out of page signal is detected.
The High Speed Access (/HSA) output signal of page de-
tector (ALS6311) is used as an out of page signal to indicate
whether the current access is in the same page as previous
access or not. In other words, the row and bank select ad-
dresses have been changed from one access to the next.
I. Design # 1 Description

This design simply consists of a DP8422A DRAM controller,
a page detector (ALS6311), and two PALs (386PALN1 and
386PALN2). THE 386PALNT1 is used to generate /CAS’s
and /WE signals. Where the 386PALN2 is to generate /
ADS (or /AREQ), /NA, and /READY signals. This design
can accommodate two banks of DRAM, 32 bits in each
bank, giving a maximum memory capacity of 8 Mbytes (1M x
1 DRAMs) or 32 Mbytes (4M x 1 DRAMs). The schematic
diagram is shown in Figure 1.

Il. Design #2 Description

This design consists of the DP8422A DRAM controller, a
page detector (ALS6311), a count up and down counter
(F169), two 20R4D PALs, and two 16R4D PALs. The count

PROGRAMMING MODE BITS FOR DESIGN #1 AND #2
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up and down counter is to hold the number of refresh being
missed. The maximum missed refreshes are six to guaran-
tee /RAS pulse width maximum timing (tgasp = 100 ps).
The external refresh control logic forces DRAM controller to
initiate refresh as soon as the 80386 is not accessing the
memory. 386PAL1 is used to generate /ECAS(3:0) and
/BED(3:0) signals. 386PAL2 is to generate /ADS, /AREQ,
/NA, and some intermediate signals. 386PAL3 is to gener-
ate /MOE, /RFSHCK, and /RFIPDn signals. 386PAL4 is to
generate /WE, /READY, and some intermediate signals.
The schematic diagram is shown in Figure 5. Two designs,
based upon the load capacity, are described in the follow-
ing:

A. Design #2 Description for Light Load

This design interface the DP8422A to the 80386 that can
accommodate two banks of DRAM, each bank being 32 bits
in width, giving a maximum memory capacity of 2 Mbytes
(256k by 4 DRAM). During read or write burst access cycles,
zero wait state can be achieved when the 80386 is running
up to 256 MHz. /MOE s tied to /OE of DRAM for /OE con-
trolled write access. Transceivers were eliminated in this
design for gaining speed. During nonburst or initial access
cycles that one, two, or three wait states are required de-
pending upon the speed of the system clock.

B. Design #2 Description for Heavy Load

This design is to interface the DP8422A to the 80386 and up
to 8 Mbytes (1 Mbits DRAM) or 32 Mbytes (4 Mbits DRAM)
memory. Zero wait state can be achieved during read burst
access cycle. During write burst access cycles, one wait
state has to be inserted to the 80386 bus cycle in order to
guarantee data valid before /CAS going low and column
address hold time after /CAS going low. One, two, or three
wait states are required for microprocessor to read or write
valid data during nonburst or initial access cycles. The num-
ber of required wait states depends upon the speed of the
system clock.

Description
Stagger or /RAS Refresh
Noninterleaved Mode
/DTACK is selected
/WAITIN Controlled /DTACK High
No Wait State during Burst Mode
Wait State during Nonburst Mode
/RAS Low and Precharge Time
/CAS is same for READ & WRITE
traH 15 nsand tasc O ns
/RAS and /CAS Configuration
Refresh Clock Divider
Refresh Clock Divisor Select
Mode 1 Selected
Fall through Selected
Extend /CAS and Refresh Request
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DESIGN TIMING PARAMETERS

AC timing parameters are referred to under the heavy load
when using n M x 1 or n K x 1 DRAMSs, and under light load
when using n M x 4 or n K x 4 DRAMs.

Times that begin with a “$” refer to DP8422A data sheet
July 1988 and a “# " refer to Intel 1989 Microprocessor and
Peripheral Handbook. The timing diagrams are shown in
Figure 2 through Figure 4 and Figure 6 through Figure 9.
The simulation timing is based on 10 MHz clock. It may use
E speed PAL for 25 MHz design.

1. Timing Calculation for Design # 1

25 MHz tcp = 40 ns with light load

$400b: /ADS Asserted Setup to CLK
tcp — PAL20R4E CLK tp max. — PAL20R4E
tp max.
=40ns—7ns —8ns =25ns
/CS Setup to /ADS Asserted
2 tcp + PAL20R6E CLK t, min. + PAL20R6E
tp min. — #6 Address Valid — Decoder t, max.
=80ns+4ns+6ns—21ns—9ns
= 40ns (@ 25 MHz)
/AREQ Negated to /ADS Asserted
2 tcp + PAL20R6E CLK t, min. + Skew of
CLK2 and CLK min. — #6 Address Valid

(@ 25 MHz2)
$401:

$416:

© — /HSA tp max.
=80ns + 4ns + 35ns — 21 ns — 14 ns
= 52.5ns (@ 25 MHz)

a. Address pipelined burst mode access with 0 wait state:
tcaAc = 2 tcp — PAL20R4E tg k max. — PAL20R4E
tp max. — #21 (Data Setup) — V> tcp — Skew of
CLK2 and CLK max. — Transceiver t, max.
=80ns—7ns—8ns—7ns—20ns — 10ns
—6ns
=22ns (DP8422A-25 Part)
taA = 3 tcp — $26 (Address to Q Valid) — #6
(Address Valid) — #21 (Data Setup)
— Transceiver t, max.
=120ns — 26ns — 21 ns — 6 ns
= 60ns (DP8422A-25 Part)
toeA = 2tcp — PAL20R6E CLK Out t, max. — #21
(Data Setup) — Transceiver t, max.
=80ns —7ns —11ns —6ns
= 56ns (DP8422A-25 Part)
b. Address pipelined nonburst mode access with 3 wait
states and initial access with 4 wait states.
tRac = 4 tcp — PAL20R6E tg g max. — PAL20R6E
tp max. — $402 (/ADS low to /RAS low) — #21
(Data Setup) — Skew of CLK2 and CLK t, max.
— Transceiver t, max.
=160ns —7ns —8ns — 29 ns — 7 ns
—10ns — 6 ns

= 93ns (DP8422A-25 Part)

tcac = 4 tcp — PAL20R6E tc k max. — PAL20R6E
tp max. — $403 (/ADS low to /CAS low) — #21
(Data Setup) — Skew of CLK2 and CLK tp max.
— Transceiver tp max.
=160ns — 7ns — 8ns — 82ns — 7 ns
—10ns — 6ns
= 40ns (DP8422A-25 Part)
taa = 4 tcp — PAL20R6E tg| k max. — PAL20R6E
tp max. — $417 (/ADS low to Column Address
valid) — #21 (Data Setup) — Skew of CLK2 and
CLK tp max. — Transceiver t, max.
=160ns — 7ns — 8ns — 78 ns — 7 ns
—10ns — 6 ns
= 44ns (DP8422A-25 Part)
toea = 5tcp — PAL20R6E tg k max. — #21 (Data
Setup) — Skew CLK2 and CLK t, max. — Trans-

ceiver t, max.
=200ns —7ns —7ns — 10ns — 6 ns
=170 ns (DP8422A-25 Part)

Il. Timing Calculation for Design #2
$400b: /ADS Asserted Setup to CLK

tcp — PAL16R4D CLK tp max. — PAL20R4D tp
max.

=625ns—8ns —10ns = 445ns (@ 16 MH2)

=50ns —8ns — 10ns = 32ns (@ 20 MHz)

=40ns—8ns — 10ns = 22ns (@ 25 MHz)
$401: /CS Setup to /ADS Asserted

3 tcp + PAL20R4D CLK tp min. + PAL20R4D tp

min. — #6 Address Valid — Decoder t, max.

= 1875ns + 55ns + 7.1 ns — 36 ns — 9ns

= 155ns (@ 16 MHz)
=150ns + 55ns + 71 ns —30ns — 9ns
= 123.6ns (@ 20 MHz)
=120ns + 55ns + 71 ns — 21 ns — 9ns
= 102.6 ns (@ 25 MHz)

$416: /AREQ Negated to /ADS Asserted
2 tcp + PAL20R4D CLK tp min. + Skew of
CLK2 and CLK min. — #6 Address Valid —
PAL20R4D t, max.
=125ns + 4ns + 3.5ns — 36ns — 10 ns

= 86.5ns (@ 16 MHz)
=100ns + 4ns + 35ns —30ns — 10 ns
= 67.5ns (@ 20 MHz)
=80ns +4ns + 35ns —21ns —10ns
= 56.5ns (@25 MHz)
A. Design #2 Light Load Timing Calculation
(No Transceivers):

1. 16 MHz tcp = 62.5 ns with light load
a. Address pipelined burst mode access with 0 wait state.
tcac =2 tcp — PAL20R4D tp max. — 74F32 tp, max.
— #21 (Data Setup) — % tcp
=125ns — 10ns —6ns — 11 ns — 31 ns
= 67ns (DP8422A-20 and DP8422A-25 Part)
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tAA =3 tcp — $26 (Address to Q Valid) — #6
(Address Valid) — #21 (Data Setup)
= 1875ns — 26ns — 36ns — 11 ns
= 114.5ns (DP8422A-25 Part)
=1875ns —29ns — 36ns — 11 ns
= 111.5ns (DP8422A-20 Part)
toea = 2tcp — PAL16R4D CLK Out tp max. — #21
(Data Setup)

=125ns —8ns — 11 ns
= 106 ns (DP8422A-20 and DP8422A-25 Part)

. Address pipelined nonburst mode access with 2 wait
states.

trac = 3tcp — $307 (CLK High to /RAS Low) —
#21 (Data Setup)
= 187.5ns — 22ns — 11 ns
= 154 ns (DP8422A-25 Part)
=187.5ns — 27ns — 11 ns
= 149.5ns (DP8422A-20 Part)
tcac = 3tcp — $308 (CLK High to /CAS Low) —
#21 (Data Setup) — 74F32 t, max.
= 187.5ns — 72ns — 11 ns — 6 ns
= 98.5ns (DP8422A-25 Part)
= 1875ns — 81 ns — 11 ns — 6 ns
= 89.5ns (DP8422A-20 Part)
taa = 3 tcp — $316 (CLK High to Column Address
Valid) — #21 (Data Setup)
= 187.5ns — 66 ns — 11 ns
= 110.5ns (DP8422A-25 Part)
= 187.5ns — 78 ns — 11 ns
= 98.5ns (DP8422A-20 Part)
toea = 4tcp — PAL16R4D CLK out tp max. — #21
(Data Setup)

=250ns —8ns — 11 ns
= 231 ns (DP8422A-20 and DP8422A-25 Part)
. Initial Access with 3 Wait States.

trac = 3 tcp — PAL20R4D CLK tp max. — $402
(/ADS Low to /RAS Low) — #21 (Data
Setup)
=1875ns —8ns — 25ns — 11 ns
= 143.5ns (DP8422A-25 Part)
=1875ns —8ns — 30ns — 11 ns
= 138.5ns (DP8422A-20 Part)
tcac = 3 tcp — PAL20R4D CLK t, max. — $403
(/ADS Low to /CAS Low) — #21 (Data
Setup) — 74F32 t; Max.
=1875ns —8ns —75ns — 11 ns — 6ns
= 87.5ns (DP8422A-25 Part)
=1875ns —8ns — 86ns — 11 ns — 6ns
= 76.5ns (DP8422A-20 Part)
taa = 3tcp — PAL20R4D CLK t, max. — $417

(/ADS Low to Column Address Valid)

— #21 (Data Setup)

187.5ns —8ns —69ns — 11 ns

99.5ns (DP8422A-25 Part)
= 187.5ns —8ns — 83ns — 11 ns

85.5ns (DP8422A-20 Part)

Il

o

c

toea = 3tcp — PAL16R4D CLK Out t, max. — #21

(Data Setup)

187.5ns — 8ns —11 ns

168.5 ns (DP8422A-20 and DP8422A-25 Part)
20 MHz tcp = 50 ns with light load

Address pipelined burst mode access with 0 wait state.

tcac = 2tcp — PAL20R4D t; max.
— 74F32 t; max. — #21 (Data Setup) —
Y2 tcp.
=100ns — 10ns —6ns — 11 ns — 25ns
= 48ns (DP8422A-20 and DP8422A-25 Part)
taa = 3 tcp — $26 (Address to Q Valid) — #6

(Address Valid) — #21 (Data Setup)
=150ns —26ns — 30ns — 11 ns
= 83ns (DP8422A-25 Part)
=150ns —29ns — 30ns — 11 ns
= 80ns (DP8422A-20 Part)
toea = 2tcp — PAL16R4D CLK out tp max —
#21 (Data Setup)
=100ns — 8ns — 11 ns
81ns  (DP8422A-20 and DP8422A-25 Part)
Address pipelined nonburst mode access with 2 wait
states.

I

trac = 3tcp — $307 (CLK High to /RAS Low) —
#21 (Data Setup)
=150ns —22ns — 11 ns
=117ns (DP8422A-25 Part)
=150ns — 27 ns — 11 ns
=112ns (DP8422A-20 Part)
tcac = 3tcp — $308 (CLK High to /CAS Low) —
#21 (Data Setup) — 74F32 t, max.
=150ns —72ns — 11 ns — 6 ns
=61ns (DP8422A-25 Part)
=150ns — 81 ns — 11 ns — 6 ns
= 52ns (DP8422A-20 Part)
tAA = 3 tcp — $316 (CLK High to Column Address
Valid) — #21 (Data Setup)
=150ns — 66 ns — 11 ns
=73ns (DP8422A-25 Part)
=150ns — 78 ns — 11 ns
= 61ns (DP8422A-20 Part)
toea = 4tcp — PAL16R4D CLK out ty max. — #21
(Data Setup)

=200ns — 8ns — 11 ns
= 181ns (DP8422A-20 and DP8422A-25 Part)

. Initial access with 3 wait states.

trac = 3tcp — PAL20R4D CLK tp max. — $402

(/ADS Low to /RAS Low) — #21 (Data

Setup)
=150ns —8ns — 25ns — 11 ns
= 106 ns (DP8422A-25 Part)
=150ns —8ns — 30ns — 11 ns
= 101ns (DP8422A-20 Part)
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tcac = 3tcp — PAL20R4D CLK tp max. — $403
(/ADS Low to /CAS Low) — #21 (Data
Setup) — 74F32 tp max.
=150ns —8ns —75ns — 11 ns — 6ns

= 50ns (DP8422A-25 Part)
=150ns —8ns — 86ns — 11 ns — 6 ns
=39ns (DP8422A-20 Part)
tAA = 3 tcp — PAL20R4D CLK t, max. $417 (/ADS
Low to Column Address Valid) — #21 (Data
Setup)
=150ns —8ns — 69ns — 11 ns
= 62ns (DP8422A-25 Part)
=150ns — 8ns — 83ns — 11 ns
= 48ns (DP8422A-20 Part)
toea = 3 tcp — PAL16R4D CLK Out tp max. — #21
(Data Setup)

150 ns — 8ns — 11 ns

131 ns (DP8422A-20 and DP8422A-25 Part)

3. 25 MHz tcp = 40 ns with light load

a. Address pipelined burst mode access with 0 wait state.
tcac = 2tcp — PAL20R4D t, max.

— 74F32 t, max. — #21 (Data Setup) —

Y2 tcp.
=80ns —10ns —6ns —7ns — 20 ns
= 37ns (DP8422A-25 Part)
taa = 3 tcp — $26 (Address to Q Valid) — #6

(Address Valid) — #21 (Data Setup)
=120ns — 26ns —21ns — 7ns

= 83ns (DP8422A-25 Part)
toea = 2tcp — PAL16R4D CLK Out tp max. — #21
(Data Setup)
=80ns—8ns — 11ns
= 65ns (DP8422A-25 Part)

b. Address pipelined nonburst mode access with 2 wait
states.

trac = 3 tcp — $307 (CLK High to /RAS Low) —
#21 (Data Setup)
=120ns — 22ns — 7ns
=91ins (DP8422A-25 Part)
tcac = 3 tcp — $308 (CLK High to /CAS Low) —
#21 (Data Setup) — 74F32 t, max.
=120ns —72ns — 7ns — 6ns
= 35ns (DP8422A-25 Part)
tAA = 3 tcp — $316 (CLK High to Column Address
Valid) — #21 (Data Setup)
=120ns — 66 ns — 7 ns
= 47ns (DP8422A-25 Part)
toea = 4tcp — PAL16R4D CLK Out tp max. — #21
(Data Setup)
=160ns —8ns — 7ns
= 145ns (DP8422A-25 Part)

c. Initial access with 4 wait states.
trac = 4 tcp — PAL20R4D CLK t, max. — $402
(/ADS Low to /RAS Low) — #21 (Data

Setup)
=160ns —8ns —25ns — 7ns
= 120 ns (DP8422A-25 Part)

tcac = 41tcp — PAL20R4D CLK tp max. — $403
(/ADS Low to /CAS Low) — #21 (Data
Setup) — 74F32 tp max.
=160ns —8ns —75ns —7ns — 6 ns
= 64 ns (DP8422A-25 Part)
tAA = 4 {cp — PAL20R4D CLK t, max. — $417
(/ADS Low to Column Address Valid ) —
#21 (Data Setup)
=160ns —8ns —69ns — 7ns

= 76ns (DP8422A-25 Part)
toea = 41tcp — PAL16R4D CLK Out t, max. — #21
(Data Setup)
=160ns —8ns — 7ns
= 145ns (DP8422A-25 Part)

B. Design #2 Heavy Load Timing Calculation:
1. 16 MHz tcp = 62.5 ns with Heavy Load
a. Address pipelined burst mode access with 0 wait state.
tcac = 2tcp — PAL20R4D tp max. — 74F32 tp max.
— #21 (Data Setup) — & tcp Transceiver

tp max.

=125ns —10ns —8ns — 11 ns — 31 ns —
7ns

= 48ns (DP8422A-20 and DP8422A-25 Part)

taa = 3 tcp — $26 (Address to Q Valid) — #6
(Address Valid) — #21 (Data Setup) —
Transceiver tp max.

=187.5ns —35ns —36ns —11ns — 7ns

= 98.5ns (DP8422A-25 Part)
=1875ns —38ns —36ns —11ns —7ns
= 985.5ns (DP8422A-20 Part)

toea = 2tcp — PAL16R4D CLK Out t, Max. — #21
(Data Setup) — Transceiver t, max.
=125ns —8ns —11ns — 7ns
=89ns (DP8422A-20 and DP8422A-25 Part)

b. Address pipelined nonburst mode access with 2 wait
states.

trac = 3 tcp — $307 (CLK High to /RAS Low) —
#21 (Data Setup) — Transceiver t, max.
= 187.5ns —26ns —11ns — 7ns
= 143.5ns (DP8422A-25 Part)
=1875ns —32ns — 11ns — 7ns
= 137.5ns . (DP8422A-20 Part)
tcac = 3 tcp — $308 (CLK High to /CAS Low) —
#21 (Data Setup) — 74F32 t, max. —
Transceiver tp max.
=1875ns —72ns —11ns —8ns — 7ns
= 89.5ns (DP8422A-25 Part)
= 1875ns —81ns—11ns—8ns—7ns
= 80.5ns (DP8422A-20 Part)
taA = 3 tcp — $316 (CLK High to Column Address
Valid) — #21 (Data Setup) — Transceiver
tp max.
=1875ns —75ns —11ns — 7ns
= 94.5ns (DP8422A-25 Part)
=1875ns —87ns —11ns — 7ns
= 82.5ns (DP8422A-20 Part)




toea = 4tcp — PAL16R4D CLK Out t; max. —
#21 (Data Setup) — Transceiver tp max.
250ns —8ns —11ns —7ns

= 224ns (DP8422A-20 and DP8422A-25 Part)
c. Initial Access with 3 Wait States.
trac = 3 tcp — PAL20R4D CLK tp max. — $402
(/ADS Low to /RAS Low) — #21 (Data
Setup) — Transceiver tp max.
187.5ns —8ns —29ns — 11ns — 7ns

I

= 132.5ns (DP8422A-25 Part)
= 1875ns —8ns —35ns —11ns — 7ns
= 126.5ns (DP8422A-20 Part)
tcac = 3tgp — PAL20R4D CLK tp max. — $403
(/ADS Low to /CAS Low) — #21 (Data Setup)
— 74F32 tp max. — Transceiver t, max.
= 1875ns —8ns —75ns —11ns — 8ns —
7 ns
= 78.5ns (DP8422A-25 Part)
=1875ns —8ns —86ns —11ns — 8ns —
7 ns
= 67.5ns (DP8422A-20 Part)
tAA = 3 tcp — PAL20R4D CLK tp max. — $417

(/ADS Low to Column Address Valid) —

#21 (Data Setup) — Transceiver t, max.

1875ns —8ns —78ns —11ns — 7ns

83.5ns (DP8422A-25 Part)

187.5ns —8ns —92ns —11ns — 7ns

69.5 ns (DP8422A-20 Part)

toea = 3 tcp — PAL16R4D CLK Out tp max. — #21

(Data Setup) — Transceiver t, max.

187.5ns —8ns — 11 ns — 7ns

161.5 ns (DP8422A-20 and DP8422A-25 Part)

. 20 MHz tcp = 50 ns with heavy load

. Address pipelined burst mode access with 0 wait state.
tcac = 2tcp — PAL20R4D tp max. — 74F32 tp max.

— #21 (Data Setup) — 1, tcp — Transceiver

I

tp max.

=100ns —10ns —8ns — 11 ns — 25ns —
7 ns

=29ns (DP8422A-20 and DP8422A-25 Part)

taA = 3 tcp — $26 (Address to Q Valid) — #6
(Address Valid) — #21 (Data Setup) —
Transceiver t; max.

=150ns —35ns —30ns — 11ns — 7ns

= 67ns (DP8422A-25 Part)

=150ns — 38ns —30ns — 11ns — 7ns

= 64ns (DP8422A-20 Part)
toea = 2tcp — PAL16R4D CLK Out tp max. — #21

(Data Setup) — Transceiver t, max.
=100ns —8ns —11ns —7ns
=74ns (DP8422A-20 and DP8422A-25 Part)

b. Address pipelined nonburst mode access with 2 wait

states
tRaC

3 tcp — $307 (CLK High to /RAS Low) —
#21 (Data Setup) — Transceiver t, max.
=150ns —26ns — 11 ns — 7ns

= 106 ns (DP8422A-25 Part)
=150ns — 32ns — 11 ns — 7 ns
= 100 ns (DP8422A-20 Part)

tcac = 3tcp — $308 (CLK High to /CAS Low) —
#21 (Data Setup) — 74F32 tp max. —
Transceiver t; max.
=150ns —72ns —11ns —8ns — 7ns

= 52ns (DP8422A-25 Part)
=150ns —81ns —11ns—8ns —7ns
= 43ns (DP8422A-20 Part)
tAA = 3 tcp — $316 (CL High to Column Address
Valid) — #21 (Data Setup) — Transceiver
tp max.
=150ns —75ns — 11 ns — 7ns
= 57ns (DP8422A-25 Part)
= 150ns — 87ns — 11 ns — 7ns
=45ns (DP8422A-20 Part)

toea = 4 tcp — PAL16R4D CLK Out tp max. —
#21 (Data Setup) — Transceiver tp max.
=200ns —8ns —11ns—7ns
= 174ns (DP8422A-20 and DP8422A-25 Part)

. Initial access with 4 wait states.

trac = 4 tcp — PAL20R4D CLK t, max. — $402
(/ADS Low to /RAS Low) — #21 (Data
Setup) — Transceiver t, max.

200ns —8ns —29ns — 11ns —7ns

= 145ns (DP8422A-25 Part)
=200ns —8ns —35ns —11ns —7ns
= 139 ns (DP8422A-20 Part)
tcac = 4tcp — PAL20R4D CLK tp max. — $403
(/ADS Low to /CAS Low) — #21 (Data
Setup) — 74F32 tp max. —
Transceiver tp max.
=200ns —8ns —75ns — 11 ns — 8ns —
7 ns
=91ns (DP8422A-25 Part)
=200ns —8ns — 8 ns —11ns — 8ns —
7 ns
= 80ns (DP8422A-20 Part)
taAA = 4 tcp — PAL20R4D CLK tp max. — $417
(/ADS Low to Column Address Valid) — #21
(Data Setup) — Transceiver t, max.
=200ns —8ns —78ns—11ns —7ns
=96ns (DP8422A-25 Part)
=200ns —8ns —92ns — 11ns — 7ns
= 82ns (DP8422A-20 Part)
toea = 4tcp — PAL16R4D CLK Out t, max. —

#21 (Data Setup) — Transceiver tp max.
=200ns —8ns —11ns—7ns
174ns (DP8422A-20 and DP8422A-25 Part)
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The Boolean entry operators are listed as:

“:=" Replaced by (After Clock)

PAL EQUATIONS
“=" Equality
w AND

“i» OR

“/"  Complement
“N”  Active Low
The brief explanation of PAL output signals

CAS(3:0)~
ASDD~
HSAD~
ADSD~

BED(3:0)~

ECAS~ (3:0)

ADS~
AREQ~

NASEL~

CSD~

AREQT ~

AREQD~
ASD~
WE ~
LATCH~
RFSH~
RFSHCK~
RFIPD1~
RFIPD2~

RFIPD3 ~

These combinational output signals are Column
Address Strobes

This sequential output signal is ASD~ Delayed
by one CLK2 clock.

This sequential output signal is HSA~ Delayed
by one clock.

This sequential output signal is ADS ~ Delayed
by one clock.

These combinational output signals are used to
toggle CAS of DRAM directly during burst and
nonburst access cycles.

These sequential output signals are used to
hold CAS low during the burst access except
design #2 heavy load burst write access cycles.
This combinational output signal is Address
Strobe to the DP8422A.

This combinational output signal is Access Re-
quest to the DP8422A.

This combinational output signal selects Next
Address from either initial or noninitial access
cycles.

This combinational output signal is Next Ad-
dress to the 80386.

This sequential output signal is Chip Select De-
layed by one clock.

This sequential output signal is Access Request
Transition that holds HSA~ (High Speed Ac-
cess) one clock during CSD~ is low.

This sequential output signal is Access Request
Delayed by one clock.

This sequential output signal is Address Strobe
Delayed by one clock.

This combinational output signal is Write Enable
to the DRAM.

This combinational output signal is to hold ex-
ternal refresh request.

This combinational output signal is complement
of LATCH~.

This combinational output signal is used to
clock count up and down counter.

This sequential output signal is Refresh In Prog-
ress Delayed by one clock.

This sequential output signal is Refresh In Prog-
ress Delayed by two clocks.

This sequential output signal is Refresh in Prog-
ress Delayed by three clocks.

MOE ~ This sequential output signal is Memory Output
Enable to control the data output of the DRAM.

TEN~ This combinational output signal indicates that
six missed refreshes are reached.

CKD This combinational output signal is normal CLK
delayed by PAL.

READY ~ This sequential output signal is delayed
DTACK~ by one clock.
ADSHI~ This sequential output signal indicates whether
the 80386 is accessing the DRAM or the
DP8422A is refreshing the DRAM.
la. 386PALN1 (PAL20R4E) for Design # 1
Inputs: CLK2, BE3~, BE2~, BE1~, BEO~, CAS~3,
CAS~2, CAS~1, CAS~0, MOE~, ASD~;
Outputs:
/CAS3~ = (/ASDD~ * /CAS~3) + (ASD~ *
/CAS~3) + (MOE~ * /CAS~3) +
(BE3~ * /CAS~3);
/CAS2~ = (/ASDD~ * /CAS~2) + (ASD~ *
/CAS~2) + MOE~ * /CAS~2) +
(BE2~ * /CAS~2);
/CAS1~ = (/ASDD~ * /CAS~1) + (ASD~ *
/CAS~1) + MOE~ * /CAS~1) +
(BE1~ * /CAS~1);
/CASO~ = (/ASDD~ * /CAS~0) + (ASD~ *
/CAS~0) + MOE~ * /CAS~0) +
(BEO~ * /CAS~0);
/ASDD~ := /ASD~;
/WE~ 1= MOE~;
Ib. 386PALN2 (PAL20R6E) for Design # 1
Inputs: CLK, BE3~, BE2~, BE1~,BEO~,CS~, HSA~,
RFRQ~, RFIP~, DTACK~, AS~, WR~;

Outputs:
/ADS ~ = (/HSAD~ * RFRQ~ * /HHA~) +
(ASD~ * /RFRQ~);
/NA~ = (READY~ * /DTACK~ * RFRQ~

RFIP~) + (READY~ * MOE~
RFRQ~ * RFIP~) + (/READY~
RFRQ~ * /MOE~ * /ASD~
RFIP~);

/ECAS~N = (ASD~ * /HSAD~ * RFRQ~) +

* % %

(BE3~ * BE2~ * BE1~ * BEO~ *
/HSAD~ * RFRQ~) + (/MOE~ *
/HSAD~ * RFRQ~) + (CSD~ *
/HSAD~ * RFRQ~) + (ASD~ *
/RFRQ~);

/CSD~ := /CS~;

/ASD~ = /AS~;

/MOE~ = /WR~;

/HSAD~ := /HSA~ * /CSD~;

- /READY~ := /DTACK~;

/ADSD~ := /ADS~;

Il a. 386PAL1 (PAL20R4D) for Design #2 Light Load
Inputs: CLK, BE3~, BE2~, BE1~, BEO~, READY~,
CKD, MOE~, ASD~, CSD~, WR~, ADS~;
Outputs:
/BED3~ = (READY~ * /ECAS~3) + (/ASD~ *
/ECAS~3) + (/CKD * /ECAS~3);
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/BED2~ = (READY~ * /ECAS~2) + (/ASD~ * /ECAS~0:= (/BEO~ * /CSD~ * READY~) + =<
/ECAS~2) + (/CKD * /ECAS~2); (/BEO~ * /CSD~ * READY~ * /ASD~) 4
/BED1~ = (READY~ * /ECAS~1) + (/ASD~ * + d
/ECAS~1) + (/CKD * /ECAS~1); (/BEO~ * /CSD~ * READY~ * /WR~)
/BEDO~ = (READY~ * /ECAS~0) + (/ASD~ * ’;BE + /GSD~ * /ADS ~ * READY ~
/ECAS~0) + (/CKD * /ECAS~0); (+ 0~ )
/ECAS~3 := (/BE3~ * /CSD~ * READY~) (/BEO~ * /CSD~ * /ADS~) +
+ (/BES:' * /CSD': * /ADS~); (/BEO~ * /CSD~ * /ADS~ * /WR~);
[EOAS=2 = U ?/E;E~2~ ity TE,/;%;:)). JECASHi:= /ECAS~3 + /ECAS~2 + /ECAS~1 +
; /ECAS~0;
/ECAS~1 -(F/?/EI;B _ /*C/SE:[‘)SD~ F:E/igéj) :_lg:‘:l :;86PAL2 (PAL20RA4D) for Design #2 Light and Heavy
/ECAS~0  := (/BEO~ " /CSD~ * READY ~) Inputs: CLK, GS~, HSA~, LATCH~, RFSH~, DTACK~,
+ (/BEO~ * /CSD~ * /ADS~); AS~, RFIPD3~, MOE ~, ECASHI;
/ECASHI  := (/ECAS~3 + /ECAS~2 Outputs:
+ /ECAS~1 + /ECAS~0; JADS~ = (/CS~ * /AS~) + (/AREQT~ *
1Ib. 386PAL1 (PAL20R4D) for Design #2 Heavy Load /LATCH~);
Inputs: CLK, BE3~, BE2~, BE1~, BEO~, READY~, /AREQ~ = (/HSA~ * CSD~ * /AREQT~ * /CS~
CKD, MOE~, ASD~, CSD~, WR~, ADS~; *AS~) + (/HSA~ * CSD~ *
Outputs: /AREQT~ * /LATCH~) + (/RFSH~ *
/BED3~ = (READY~ * /ECAS~3) + (ASD~ * /CS~ * AS~) + (/RFSH~ *
/ECAS~3) + (/CKD * /ECAS~3) /LATCH~);
+ (MOE~ * ECAS~3); /NASEL~ = (/CS~ * /DTACK~ * /AS~) + (/NA-
/BED2~ = (READY~ * /ECAS~2) + (ASD~* SEL~ * CS~);
/ECAS~2) + (/CKD * /ECAS~2) INA~ = (NASEL~ * /HSA~ * /CSD~ *
+ (MOE~ * ECAS~2); /AREQT~) + (/NASEL~ * /ECASHI *
/BED1~ = (READY~ * /ECAS~1) + (ASD~ * MOE~) + (/NASEL~ * /AREQD~ *
/ECAS~1) + (/CKD * /ECAS~ 1) /MOE~ * RFSH~ * RFIPD3~);
+ (MOE~ * ECAS~1); /CSD~ := /CS~;
/BEDO~ = (READY~ * /ECAS~0) + (ASD~ * /AREQT ~ := /HSA~ * /CSD~;
/ECAS~0) + (/CKD * /ECAS~0) /AREQD~:= /AREQ~;
+ (MOE~ * ECAS~0); /ASD~ := /AS~;

JECAS~3:= (/BE3~ * /CSD~ * READY~) + . .
i1d. 386PAL3 (PAL16R4D) for Design #2 Light and Hea
(/BE3~ * /CSD~ * READY~ */ASD~) | ond ( ) for Desig '9 vy

;BE3~ « /0D~ * READY~ * /WR~) |Tn£;ti: CWLE,NC'K, RCO~, ML~, RAS~3, RFRQ~, RFIP~,
" , ;
(/BE3~ * /CSD~ * /ADS~ * READY~)  Outputs:
T /LATCH~ = /RCO + RFSH~
(/BE3~ * /CSD~ * /ADS~) + /RFSHCK~ = /CK + (/LATCH~ * /RFRQ~) +
(/BE3~ * /CSD~ * /ADS~ * /WR~); (/LATCH * /RAS~3);
JECAS~2:= (/BE2~ * /CSD~ * READY ~) + /RFSH~ = /TEN~ + LATCH~;
(/BE2~ * /CSD~ * READY ~ * /ASD~) /RFIPD1~ := /RFIP~;
+ . . . /RFIPD2~ := /RFIPD1~;
%BEZN /CSD~ * READY~ * /WR~) /RFIPD3~ := /RFIPD2~;
(/BE2~ * /CSD~ * /ADS~ * READY ~) /MOE~  :=/WR~;
+ Ile. 386PAL4 (PAL16R4D) for Design #2 Light and Heavy
(/BE2~ * /CSD~ * /ADS~) + Load
(/BE2~ * /CSD~ * /ADS~ * /WR~); Inputs: CLK2, DTACK ~, CSD~, HSA~, RFSH~, CK, CNTO,
JECAS~1:= (/BE1~ * /CSD~ * READY~) + CNT1, CNT2, MOE~;
(/BE1~ * /CSD~ * READY~ * /ASD~)  Outputs:
+ JTEN~ = /CNTO * CNT1 * /CNT2;
(/BE1~ * /CSD~ * READY~ * /WR~) JCKD _ sok:
+
(/BEf~ * /GSD~ * /ADE~ * READY~) /READY ~ := (/DTACK~ * CK) + (/READY ~ * /CK);
v /ADSHI~ := (/CSD~ * /HSA~ * RFSH~) +
(/BE1~ * /CSD~ * /ADS~) + /RFSH~;
(/BE1~ * /CSD~ * /ADS~ * /WR~); /WE~  := /MOE~;
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FIGURE 6. Timing Diagram of Initial and Burst Access Cycles for Design #2
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Interfacing the
DP8420A/21A/22A to the
29000 Utilizing the Burst
Access Mode

INTRODUCTION

This application note describes how to interface the 29000
microprocessor to the DP8422A DRAM controller (also ap-
plicable to DP8420A/21A). The DP8422A supports the
29000 in the burst access mode. It is assumed that the
reader is already familiar with 29000 access cycles and the
DP8422A modes of operation.

IA. Description of Designs #1 and #2, the 29000 in
burst access mode on the instruction bus, allowing op-
eration up to 25 MHz with four wait states in normal
accesses and one or two wait states in burst ac

National Semiconductor
Application Note 602
Webster (Rusty) Meier Jr.

If the user wants to do dual accessing with the DP8422A
DRAM controller, address buffers (74AS244s) must be add-
ed to the address, ECAS0-3, LOCK, and WIN inputs.

Note that the DP8422A DRAM controller could be used to
allow instruction memory accessing thru Port A. The instruc-
tion memory could be loaded thru a data memory interface
to Port B.

The logic shown in these applications form a complete
29000 memory sub-system, no other logic is needed. This

The two designs of this application note consist of the
DP8422A DRAM controller, a single PAL® (PAL16L8D),
several flip-flops, and several logic gates. These parts inter-
face to the 29000 as shown in the block diagrams. This
design accommodates two banks of DRAM, each bank be-
ing 32 bits in width, giving a maximum memory capacity of
32 Mbytes (using 4M-bit X 1 DRAMs).

This memory design supports burst accesses by the 29000
to the instruction bus but could also support burst accessing
to the data bus given a few minor changes. Design #1 in-
serts 4 wait states in normal accesses and 2 wait states in
burst accesses. Design #2 inserts 4 wait states in normal
accesses and 1 wait state in burst accesses. When idle
states occur during a burst access the next occurring ac-
cess will only have one wait state.

This application allows page mode DRAMs to be used by
holding RAS low after an access is completed (IRDY low)
until either a refresh request or a new access request
(IREQ) is generated. If IBREQ (Instruction Burst Request)
has transitioned low the next sequential word is accessed
from the DRAM via a page mode access. This access in-
volves incrementing the column address (DP8422A
COLINC input high) and toggling the CAS outputs via the
PAL ECAS output. The instruction burst acknowledge
(IBACK) input is driven low except in the case of a refresh
request (RFRQ) or a new access (IREQ) being requested.

sub-system automatically takes care of:
A. arbitration between Port A, and refreshing the DRAM:

B. the insertion of wait states to the processor (Port A) when
needed;

C. remaining in burst access mode unless a refresh request
(RFRQ) or new instruction request is generated;

D. incrementing the column address during burst mode ac-
cesses; and

E. guaranteeing the RAS and CAS low and precharge times.

The timing calculations for this design are included in this
application note.

When using the DP8420A/21A/22A at or above 20 MHz the
user should program three clock periods of precharge. This
is because two clock periods of precharge at 20 MHz will
only guarantee 77 ns of RAS precharge (2 X 50 ns — tD1,
parameter #50 “14 ns” — clock (20 MHz) to AREQ high
“9 ns”).

IB. High Performance NO WAIT State 29000 System

A higher performance 29000 system (similar to the ones
discussed in this application note) could be designed using
the DP8422A by accessing four RAS banks at once, this
could allow zero wait state burst accesses. An example of
this method using 2 DRAM banks is shown at the end of this
application note. If 2 DRAM controllers were used (4
BANKSs) burst accesses could execute in zero wait states.
The COLINC inputs to the two DRAM controllers would be
staggered in time as well as the four ECAS outputs
(BOECAS-B3ECAS) from the 29000 control logic block.

4-172




1. 29000 Programming mode bits

Programming "
Bits Description

RO =1 RAS low four clocks, RAS precharge of three clocks

Rt =1

R2 =1 DTACK will be asserted on the positive edge of CLK following

R3 =0 the access RAS

R4=0 No WAIT states during burst accesses

R5 =0

R6 = X

R7 =1 DTACK output

R8 =1 Non-address pipelining to support burst accessing

R9 = X

Co =X Select based upon the input clock frequency. Example: if the

Cl=X DELCLK frequency is 20 MHz then choose C0,1,2 = 0,0,0

c2=X (divide by ten, this will give a frequency of 2 MHz).

C3 =X

C4a=0 RAS and CAS groups selected by “B1". This mode allows two

C5=0 RAS and four CAS outputs to go low during an access.

Cc6=1

C7 =1 Column address setup time of 0 ns.

c8 =1 Row address hold time of 15 ns

Co9=1 Delay CAS during write accesses to one clock after RAS
transitions low.

BO=0 Latching of the address inputs, needed for the burst accessing
capability of the 29000 (COLINC input in particular).

Bl =1 Access mode 1

0 = Program with low voltage level
1 = Program with high voltage level
X = Program with either low voltage level (don't care condition)

11l. 29000 25 MHz timing calculations for Design #1 and
Design #2, with four wait states per normal access and
one or two wait states per burst access

1. Maximum time to address valid (with respect to 25 MHz
clock):

14 ns (29000 data sheet #86)

2. Maximim time to ADS low (with respect to 25 MHz clock):
9 ns (74AS374 clock to Q, tPHL)

3. Minimum ADS low setup time to CLK high (DP8422-25
needs 25 ns, #400b):
40 ns (one clock period, 25 MHz) — 9 ns (#2) = 31 ns

4. Minimum address setup time to ADS low (DP8422-25
needs 14 ns, #404):
40 ns (One clock period, 256 MHz) + 2 ns (minimum
74AS374 clock to Q) — 14 ns (#1) = 28 ns

5. Minimum CS setup time to CLKA high (DP8422-25 needs
5 ns, #401):
24 ns (#4) — 9 ns (74AS138 decoder = 15 ns

6. Determining tRAC (RAS access time needed by the
DRAM):
200 ns (five clock periods at 25 MHz) — 40 ns (one clock
period, T1) — 9 ns (#2) — 6 ns (29000 data setup time,
#9a) — 7 ns (74F245) — 29 ns (CLK to RAS low) =
109 ns

~

Therefore the tRAC of the DRAM must be 109 ns or less.

. Determining tCAC (CAS access time needed by the

DRAM) and tAA (column address access time):

200ns —40ns — 9ns —6ns — 7ns — 82ns (CLK to
CAS low) = 56 ns

Therefore the tCAC and tAA (access time from the col-
umn address) of the DRAM must be 56 ns or less. COM-
MON 100 ns DRAMS WILL MEET THIS tRAC, tAA, AND
tCAC PARAMETER.

. Minimum setup of DTACK1 to the 74AS374 ONLY, (need

2 ns):
40 ns (one clock period) — 28 ns (DP8422A-25 DTACK1
delay, #18) = 12 ns

. Minimum IRDY setup time to IRDY being sampled (12 ns

is needed by the 29000, #9):

40 ns (one clock period) — 9 ns (maximum 74AS374
clock to Q output delay) = 31 ns
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10a. Determining tCAC during a burst access for Design
#1:
120 ns (3 clock periods) — 20 ns (one half clock period
during which CAS is high) — 10 ns (PAL16L8 maximum
propagation delay) — 12 ns (74AS32 propagation de-
lay driving = 125 pF with damping resistor and other
associated delays) — 6 ns (data setup time) — 7 ns
(74F245) = 65 ns

Therefore the tCAC of the DRAM must be < 65 ns

10b. Determining tCAC during a burst access for Design
#2

80 ns (2 clock periods) — 20 ns (one half clock period
during which CAS is high) — 10 ns (PAL16L8 maxi-
mum propagation delay) — 12 ns (74AS32 propagation
delay driving = 125 pF with damping resistor and oth-
er associated delays) — 6 ns (data setup time) — 7 ns
(74F245) = 25 ns
Therefore the tCAC of the DRAM must be < 25 ns

11a. Determining tAA during a burst access for Design #1:
160 ns (4 clock periods, because IRDY inverted is
COLINC) — 39 ns (DP8422A COLINC to Q’s valid,
#27) = 121 ns > tAA.

11b. Determining tAA during a burst access for Design #2:
120 ns (3 clock periods, because TRDY inverted is
COLINC) — 39 ns (DP8422A COLING to Q's valid,
#27) = 81 ns > tAA.

IV. 29000 PAL equations, Design #1, 2 wait states dur-

ing burst accesses. Written in National Semiconductor

PLAN™ format

PAL16L8D

GND RESET IBACK ECAS ECAS1 DOACC ENDACC IREQH
IRDY1 AREQ1 VCC

If (vCO) TBACK = AREQ*RFRQD*IREQH*DTACK2
+AREG*RFRQD*REGH"IREQ
+TBACK*IREQH*RFRQD

If (vCC) ECAS = AREQ"ECAS1*DOACC*RESET
+AREQ*DOACG*TRDY3*CLK*RESET
+AREQ*DOACC*TRDY1*RESET
+ECAS*ECAS1*CLK*RESET
+ECAS*CLK*RESET

If (voC) ECAS1 = TRDY*CLK
+ECAS1*CLK

If (vGC) BOACT = AREG*RFRQD*TBREQ"RESET
+CS*IREQ* IREQH*AREQ*RESET
+BOACGC*IRDY*RESET

If (voC) ENDAGC = TREQ*IREGH
+RFRQD*IRDY
+RFRQD*AREQ*TIREQH
+ENDACC*AREQ
+RESET

If (voC) TREQH = AREQ"IREQ
+TREQH*AREQ"RESET

If (VCC) TRDY1 = DTACK2*AREQ"IRDY*IRDY3*IREQH
+AREQ*IRDY*IRDY3*IREGH*CLK*DOACC
+IRDY1*IRDY*IRDY3*AREQ

If (VCC) AREQ1 = TS*TREG*IRDY*ENDACG*RESET
+AREQ1 *ENDACC*RESET
+AREQ1 *DOACC*RESET

29000 PAL equations, Design #2, 1 wait state during
burst accesses. Written in National Semiconductor
PLAN format

PAL16L8D

CLK TS IREQ IBREQ DTACK2 AREQ IRDY IRDY3 RFRQD
GND RESET IBACK ECAS ECAS1 DOACC ENDACC IREQH
TRDY1 AREQ1 VCC

If (VCC) IBACK = AREQ*RFRQD*IREQH*DTACK2
+AREQ*RFRQD*IREQH*IREQ
+IBACK*IREQH*RFRQD

If (VCC) ECAS = AREQ*ECAS1*DOACC*RESET
+AREQ*DOACC*IRDY3*CLK*RESET
+AREQ*DOACC*CLK*RESET
+ECAS*ECAS1*CLK*RESET
+ECAS*CLK*RESET

If (vCC) ECAS1 = IRDY*CLK
+ECAS1*CLK

If (VCC) DOACC = AREQ*RFRQD*IBREQ*RESET
+CS*IREQ*IREQH*AREQ*RESET
+DOACC*IRDY*RESET

If (VCC) ENDACC = IREQ*IREQH
+RFRQD*IRDY
+RFRQD*AREQ*IREQH
+ENDACC*AREQ
+RESET

If (vCC) IREQH = AREQ*IREQ
+I1REQH*AREQ*RESET

If (vCC) TRDY1 = DTACK2*AREQ*IREQH
+AREQ*IRDY*IREQH*CLK*DOACC
+IRDY1*IRDY*AREQ

If (VCC) AREQ1 = CS*IREQ*IRDY*ENDACC*RESET
+AREQ1*ENDACC*RESET
+AREQ1*DOACC*RESET

Key: Reading PAL equations written in PLAN

EXAMPLE EQUATIONS: READ: = CS__RD*ADS1D*CLKA

+READ*ADS1D
+READ*CLKA

This example reads: the output “READ” will transition low

on the next rising “CLK” clock edge (given that one of the

following conditions are valid a setup time before “CLK”
transitions high);

1. the input “CS__RD” is high AND the input “ADS1D” is

high AND the input “CLKA” is low, OR

2. the output “READ” is low AND the input “ADS1D” is low,

OR

3. the output “READ” is low AND the input “CLKA” is high
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V. 29000 application note PAL and 74AS374 outputs DOACC  This combinational output of the PAL is used .Z
What follows is a brief explanation of the PAL and 74AS374 internal to the PAL to keep track of requested | &
outputs: accesses, single (IREQ) or burst (IBREQ and N
AREQ1 This combinational output of the PAL is sam- IBACK).

pled at the next rising clock edge (74AS374) to ECAS1 This combinational output of the PAL is used

provide the ADS and AREQ outputs that drive internal to the PAL to allow the ECAS output to

the DP8422A DRAM accesses. This output is have minimum delay following the CLK high and

held low to allow burst accessing until either a low.

new access is requested by the 29000 (IREQ) ECAS This combinational output of the PAL is used to

or a refresh is requested (RFRQ). toggle the CAS outputs of the DP8422A during
TRDY1 This combinational output of the PAL is sam- burst accessing.

pled at the next rising clock edge (74AS374) to IBACK This combinational output of the PAL is used as

provide the TRDY output that terminates each an input to the 29000 to indicate when the

29000 access. DP8422A is available to support burst access-
IREQH  This combinational output of the PAL is used ing. This output is pulled high during refresh re-

internal to the PAL as an indication of TREQ quests (RFRQ) and out of page accesses

having transitioned high. It is useful in determin- (IREQH = IREQ = low).

ing when the 29000 is terminating a burst ac- AREQ See AREQ1 explanation.

cess to request an access to another page TRDY See TRDY1 explanation.

(IR.EQH = IREQ = low). . TRDY3 This output (74AS374) is used as a state input
ENDACC This combinational output of the PAL is used to the PAL. This term is TRDY delayed by one

internal to the PAL as an indication of when to clock period.

terminate a burst, or s__lngle, access. It indicates RFRQD This clocked output is used to synchronize the

a new page access (IREQ), a refresh request DP8422A RFAQ output

(RFRQ), or a hardware reset (RESET) opera- I . v

tion. Accesses are only terminated after IRDY is DTACK2 This clocked output is generated from the

DP8422A DTACK1 output and is synchronized

issued or during idle states when no accesses o
to the next rising clock edge.

are pending.

Block Diagram of 29000/DP8422A Design at 25 MHz (Instruction memory interface to Port A,
Port B could be used as a data memory interface to load the instructions into the DRAM)

ADDRESS BUS

B1 =Address bit 11 Assuming
RO-10 = Address bits 14-24 4M-bit
v v C0-10 = Address bits 2=10, 12, 13 | DRAMS
RS 4TT] oeconee
0 PAL ___
(r ) & RASO, 1 2 R
—> Q-10 Mt »| 2BANKS
R/W WIN RAS2, 3 2 | oF 328rms
»> 7 Pl OF DRAM
29000 DP8422A
CLK DELCLK, CLK
COLINC - WE
> ) R —D—b
— e DTACK /W
[ ¢——————
__CSe— 79000 RFRQ
IREQ, IBREQ } CONTROL |« e
| vocic ADS CASGO=3
_ IBACK AREQ _ AREQ .
ROV l ECAS0-3
N £CAS
RESET — T 4
AREQ FROM CAS0-3
PAL ECAS
R/W
4=74AS32
N DIR G "
INSTRUCTION BUS 0=31 TRANCEIVERS DATA 0=31
74F245 N

TL/F/10394-1
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29000 Control Logic Block Diagram

Vee
20
(FROM 29000) [>—2iK 1 19 _AREQi
(FROM 29000) [>—2 2 18 _RDY1
(FROM 29000) iREQ 3 17__iREQH
(FROM 29000) [->——LREQ 4 PAL 16 ENDACC
we 1ol % [ 1TSS (1o i)
lR_DYQ 7 29000 5 Feas ECAS
iRDY3 TBACK TO CAS "OR" GATES
Rovs | 8 12_iBACK > )
RFRQD 9 11 RESET ——=[> (70 29000)
O—=
|10
= 74AS374
= 2D 20> (10 29000)
(FROM SYSTEM) [>——RESEL O Ir% ; 30 30 : ::::30
(FROM DP84224) [>——RERL_ ® 0 —0—9
(FROM DP8422A) [->——DIACKI DTACKT 134, sq 12 DTACK2 :
1416 sof
17 N I3
6 m 7D 705
—=18p 8o~
CLK 11 o
F_‘ oc

(TO DP8422A ADS, AREQ and ECAS0-3)
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Design # 1 Timing

T wi | w2 | ows | we T wi
ek L LI L L1 ’—\J

ADDRESS XX XOO00IXXK  VALID VALID
73 B — 1 M|

P T | J 1
ADS, AREQ | 1
IBREQ 1

fBACK 1 [ 1

DTACKZ 1 I 1

iRDY1 | I | | B  I—
COLINC, iRDY [ i 3

f
IRDY3 1 | | I
ECRST LT | T
Echs 1 /v—l | /Ll—l
IREQH 1 1 !I

ENDACC 1 1 \

DOACC 1
RFRQ \

RFIP
a(10:0) \ \4@1 \| /7 AR o]

RAS (1:0) A\
RAS (3:2) \

\ / \

/
_ s P
) {vALD] ) {VALID.

READ ACCESS BANK 0 BURST READ ACCESS BANK { —————————t«——— BURST READ ——

CASG (3:0)

DATA

g

TL/F/10394-3
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CLK

ADDRESS |

iREQ
AREQ1
ADS, AREQ
iBREQ
iBACK
DTACK2
iRDY1
COLINC, iRDY
iRDY3
ECASI
ECAS
IREQH

Design # 1 Timing (Continued)

BW2 B2 BW1 BW2 IDLE IDLE IDLE

B3

BW1 IDLE

L I

XXXXXRXXXXXX

AXXXXXXNAXXX XXX

ENDACC
DOACC
RFRQ
RFIP

Q(10:0) |

RAS (1:0)
RAS (3:2)
CASG(3:0)
DATA

1 REFRESH

REFRESH REQUEST | |

N
S
o
S|
G

001 0;

e
PRECHARGE

/\

Y J—
VALD| > VA >

&
(

<————————— READ BURST ACCESS BANK 1 USING COLINC

READ ACCESS DURING REFRESH ———
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Design #1 Timing (Continued)

w4 w5 W6 w7 w8 w9 W10 Wit wi2 w13 B1
TSl Ny Iy S S s N oy N oy N N oy O
ADDRESS |__VALID XXX XXOOOOOOPOOOOXXXXXXXX]
IREQ ]

AREQ1

ADS, AREQ

{BREQ [

IBACK 1
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oY1 o |
COLINC, iRDY §

IRDY3

i
—
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o n=llVa

IREQH

107

ENDACC

DOACC

RRa ||
RFIP REFRESH | \\ \\
Q(10:0) T \ 001 002
RAS (1:0) 4
RAS (3:2) / PRECHARGE \
CASG (3:0) /\

[~

L1 [ =—]
—

DATA D VAL

READ BURST ACCESS DURING REFRESH
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TS Y N S oy U ey SO oy N ey Yy SOy Sy Sy S oy S oy Y oy Ny I
-

- 1

IREQ
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w1
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w3

w4

Design #2 Timing
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w5
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B2
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AREQ
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iRDY1

iRDY
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ENDACC
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Design #2 Timing (Continued)
B2 BW1 | I | B3 BW1 | m w1 w2 w3 w4 w5 w6
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Design #2 Timing (Continued)
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Q(10:0) [7 \ /01 X0z
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TL/F/10394-11




High Performance 2900 System Block Diagram Using 2 DRAM Banks, This
System Could Be of Still Higher Performance by Extending it to 4 DRAM Banks

ADDRESS BUS B1 =Address bit 11 }Assuming

¢09-NV

RO=10 = Address bits 14=24 4M=-bit
C0-10 = Address bits 2=10, 12, 13 | DRAMS
DR o3 DECODER
(10 PAL) _ )
& RASO, 1 R DI
PYSPRT BANKO
B — " —| or328ms N 5o
R/W WN BOCASO-3 |  OF DRAM
29000 DPB422A ]
-~ VTE
CLK DELCLK, CLK | s ¥ o/ o—t
COLINC o y WE
— DTACK RES2, 3 (PN ol
‘_—':.— _—-H
__CS &> 94000 T S Fl
RFRQ —>p] OF 32 BITS
| __IREQ; IBREQ 1 CONTROL | — ~+—> —
LOGIC ADS BICASO-3 |  OF DRAM N
AREQ _ ARE e
IBACK Qo AREQ , )
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o (——
B0 £CAS
B1 ECAS T4F244
3
BUFFERS £
N (MAY NoT /
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29000 Mode 1,2 Bank System High Performance (Start Access in Bank 0)
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interfacing the
DP8420A/21A/22A to the
Z280/Z80000/Z8000
Microprocessor

I INTRODUCTION

This application note describes how to interface the Z280
microprocessor to the DP8422A DRAM controller (also ap-
plicable to DP8420A/21A). It is assumed that the reader is
already familiar with Z280 and the DP8422A modes of oper-
ation. The interface to the Z80000 and Z8000 is similar to
the interface described in this application note.

I DESCRIPTION OF DESIGN, ALLOWING OPERATION
AT 10 MHz (AND ABOVE) WITH 1 WAIT STATE IN NOR-
MAL ACCESSES AND 1 WAIT STATE DURING BURST
ACCESSES

The block diagram of this design is shown driving two banks
of DRAM, each bank being 16 bits in width, giving a maxi-
mum memory capacity of up to 16 Mbytes (using 4 M-bit X
1 DRAMSs). By choosing a different RAS and CAS configura-
tion mode (see programming mode bits section of DP8422A
data sheet) this application can support 4 banks of DRAM,
giving a memory capacity of up to 32 Mbytes (using 4 M-bit
X 1 DRAMS).

The memory banks are interleaved on every four word (16-
bit word) boundry. This means that the address bit (A3) is
tied to the bank select input of the DP8422A (B1).

Address bits A2,1 are tied to the most significant row and
column address inputs (R9,C9 for 1 Mbit DRAMSs) to support
burst accesses using static column mode DRAMs. Since
this application assumes the use of static column DRAMs
the column address strobe (CAS) is left low throughout the
entire burst access. If the user desires to use nibble mode
or page mode DRAMs the CAS outputs must be toggled,
the ECAS inputs the DP8422A can be used for this purpose
(DS of the 2280 could be “OR”ed with the current ECAS
inputs). If nibble mode DRAMs are used the COLING input
of the DP8422A need not be driven.

Address bit AO is used to produce the two byte select data
strobes along with the byte/word signal (B/W). These byte
selects (Byte 0 ECAS and Byte 1 ECAS) are used in byte
reads and writes as well as selects for the transceivers.

If the majority of accesses made by the Z280 are sequen-
tial, the Z280 can be doing burst accesses most of the time.
Each burst of four words can alternate memory banks, al-
lowing one memory bank to be precharging (RAS pre-
charge) while the other bank is being accessed (Bank se-
lect, B1, tied to address A3). This is a higher performance
memory system then a non-interleaved memory system
(bank select on the higher address bits). Each separate
memory access to the same memory bank may require ex-
tra wait states to be inserted into the CPU access cycles to
allow for the RAS precharge time, if two periods or more of
RAS precharge were programmed.

National Semiconductor
Application Note 546
Webster (Rusty) Meier, Jr. and Joe Tate

This application allows 1 or more wait states to be inserted
in normal accesses and 1 or more wait states to be inserted
during burst accesses of the Z280. The number of wait
states can be adjusted through the WAITIN input of the
DP8422A.

The logic shown in this application note forms a complete
Z280 memory sub-system, no other logic is needed. This
sub-system automatically takes care of:

A. arbitration between Port A, Port B, and refreshing the
DRAM;

B. the insertion of wait states to the processor (Port A and
Port B) when needed (i.e., if RAS precharge is needed,
refresh is happening during a memory access, the other
Port is currently doing an access . . .etc);

C. performing byte writes and reads to the 16-bit words in
memory;

D. normal and burst access operations.

The external wait logic (U1, U2, U3, U4; see Figure 1) is
needed to support burst accesses of the Z280. During burst
accesses the Z280 WAIT input is sampled every falling
clock edge. What is worse is that the WAIT input needs one
half clock period setup time and the DS signal (used to tog-
gle ECAS0-3 and thereby toggle the DP8422A WAIT out-
put) takes close to one half of a clock period to transition
high. This leaves no time for the DP8422A WAIT output to
transition between states. The external flip-flop is used to
provide extra fast response time for normal access wait
states and to toggle when doing a burst mode access. If the
user is not going to do burst accesses the WAIT output can
be tied directly to the WAIT input of the Z280 (U1, U2, U3,
U4 would not be needed). Also all this logic could easily be
put into a PAL® if desired.

By using the “output control” pins of some external latches
(74ALS373’s), this application can easily be used in a dual
access application. The addresses could be TRI-STATE®
through these latches, the write input (WIN), lock input
(LOCK), and ECAS0-3 inputs must also be able to be TRI-
STATE (a 74AS244 could be used for this purpose). By mul-
tiplexing the above inputs (through the use of the above
parts and similar parts for Port B) the DP8422A can be used
in a dual access application. If this design is used in a dual
access application the tgac and tcac (required RAS and
CAS access time required by the DRAM) will have to be
recalculated since the time to RAS and CAS is longer for
the dual access application (see TIMING section of this ap-
plication note).
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112280 DESIGN, 10 MHz WITH 1 WAIT STATE DURING
NORMAL ACCESSES AND 1 WAIT STATE DURING
BURST ACCESSES, PROGRAMMING MODE BITS

Programming

Bits Description

RO = 0 RAS low two clocks, RAS precharge

R1 =1 of two clocks, this setup
will only guarantee 93.5 ns RAS
precharge (at 10 MHz) from refresh
RAS high to access RAS low. If more
RAS precharge is desired the user
should program three periods of RAS
precharge.

R2=0 DTACK one half is chosen. DTACK

R3 =1 low first rising CLK edge
after access RAS is low.

R4 =0 No WAIT states during burst accesses

R5 =0

R6 =0 1f WAITIN = 0, add one clock to
DTACK. WAITIN may be tied high or
low in this application depending upon
the number of wait states the user
desires to insert into the access.

R7 =1 Select DTACK

R8 = Non-interleaved Mode

R9 = X

GO0 =X Select based upon the input

C1 =X “DELCLK?” frequency. Example: if the

C2 =X input clock frequency is 10 MHz then
choose C0,1,2 = 1,0,1 (divide by five,
this will give a frequency of 2 MHz).

C3 =X

C4a=0 RAS groups selected by “B1”. This

C5=0 mode allows two RAS outputs to go

C6 =1 low during an access, and allows byte
writing in 16- or 32-bit words.

C7 =1 Column address setup time of 0 ns

Cc8 =1 Row address hold time of 15 ns

Co9 =1 Delay CAS during write accesses to
one clock after RAS transitions low

BO=0 Latches latch on ALE input low

B1 =0 Access mode 0

ECASO =0 CASn not extended beyond RASn

0 = Program with low voltage level

1 = Program with high voltage level

X = Program with either high or low voltage level
(don’t care condition)

1V Z280 TIMING CALCULATIONS FOR DESIGN AT
10 MHz WITH 1 WAIT STATE DURING NORMAL
ACCESSES AND 1 WAIT STATE DURING BURST
ACCESSES

1. Minimum ALE high setup time to CLOCK high if using the
on-chip latches and more then one RAS bank (DP8422A-

20 needs 29 ns, #301b):

100 ns (one clock period) — 20 ns (AS valid maximum
delay, #3 of Z280 data sheet) — 11 ns (74ALS04B max

delay) = 69 ns

2A. Minimum address setup time to ALE low (DP8422A-20

needs 3 ns, #306):

25 ns (address setup to AS high, #20 Z280 data sheet)
+ 1 ns (74ALS04B min delay) = 26 ns

2B. Minimum address hold time to ALE low (DP8422A-20

needs 10 ns, #305):

20 ns (address hold from AS high, #22 of Z280 data
sheet) + 1 ns (74ALS04B min delay) = 21 ns

2C. Minimum address setup to CLOCK high (DP8422A-20

needs bank address setup to CLOCK of 20 ns, #303):

100 ns (one clock period) — 20 ns (max clock to ad-
dress valid, Z280 data sheet #2) = 80 ns

Minimum CS setup time to clock high (DP8422A-20
needs 14 ns, #300): 80 ns (#2C above) — 22 ns (max
74ALS138 decoder) = 58 ns

Determining tgac during a normal access (RAS access
time needed by the DRAM):

250 ns (two and one half clock periods to do the ac-
cess) — 32 ns (CLK to RAS low max, DP8422A-20
#307) — 30 ns (Z280 data setup time, #9) — 10 ns
(74ALS245A max delay) = 178 ns

Therefore the tgac of the DRAM must be 178 ns or
less. (One can see that if zero wait states would have
been programmed the tgac would have been 84 ns (us-
ing DP8422A-25, has faster CLK to RAS low of 26 ns)
184-100 (one clock)).

Determining tcac during a normal access (CAS access
time) and column address access time needed by the
DRAM:

250 ns — 89 ns (CLK to CAS low on DP8422A-20,
#308a) — 30ns — 10 ns = 121 ns

Therefore the tgac of the DRAM must be 121 ns or
less.

Determining the column address access time needed
during a static column mode burst access:

20 ns (two clocks to do th_e_access, Ex. mid T3 to mid
TBW to mid T4) — 35 ns (DS high, Z280 parameter #8)
— 43 ns (COLINC asserted to address outputs of
DP8420A-20 incremented, #27) — 30 ns (Z280 data
setup time, #9) — 10 ns (74ALS245A max delay) = 82
ns

Therefore the column address access time of the
DRAM must be 82 ns or less. (One can see that if zero
wait states would have been programmed the column
address access time would have been less then 0 ns
(82 — 100 (one clock))).

Maximum time to DTACK one half low (74ALS374 D
type flip-flop needs 10 ns setup to CLK):

100 ns (One clock, mid T2 in mid TW) — 33 ns (DTACK
one half low from CLK high on DP8422A-20, #18) — 12
ns (max delay on 74ALS02 = 55 ns

Minimum WAIT setup time to CLK low (2280 WAIT input
needs 50 ns, #14):

100 ns (one clock period) — 16 ns (74ALS374 max de-
lay) — 14 ns (74ALS08 max delay) = 70 ns

Minimum RAS precharge (DP8422A programmed with 2
clock periods of RAS precharge):

Since the AREQ input of the DP8422A will go high from
DS and IE both being high the AREQ high setup to
clock rising edge (DP8422A parameter #29b, 19 ns)
parameter is violated. This means that the rising clock
edge following AREQ high may or may not be counted.
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Since that first rising clock edge could be counted, and
would give less RAS precharge time, we must assume
this condition in the calculation of the minimum RAS
precharge. Therefore:

200 ns (2 clock periods) — 50 ns (half clock period
before both IE and DS transition high) — 35 ns (IE and
DS high, Z280 parameters #8 and #19) — 5.5 ns
(74AS08 max delay) — 16 ns (DP8422A RAS high to
RAS low difference parameter #50) = 93.5 ns

Therefore, the user should guarantee that the DRAM
he is using needs a RAS precharge time of 93.5 ns or
less. If more RAS precharge time is needed the user
should program the DP8422A with 3 periods of RAS
precharge (RO, R1) during programming.

Note: Calculations can be performed for different frequencies and/or differ-

ent combinations of wait states by substatuting the appropriate values
into the above equations.

N 74a5138
AT6-23
| (a7 V|_PEOR
A2 4 cs
Aooils R/CO-8,81 J L
AS 4} ALE | RASO, 1 (BANKO) |
CLK CLK, DELCLK , RAS2, 3 (BANK1)
— COLING MEMORY
DS AREQ W 2 BANKS
[ >
- ___ |orasaoa/21a/224
B/W BYTEQ) ECASO, 3 21N, T
2280 LATCHED
A0 (BYTE1) ECAS2, 3 CAS0-1 (BYTEQ)
R W CAS2, 3 (BYTE1)
WATT11/2 v o
| VAT @1 '-T‘E-. DTACK 1/2 i DISRFSH inrsu ]
4
WAIT's from other © U4 oo CLK
system I us —
pore *BYTEQ ECAS or
o R/W BYTE 1 ECAS
DATA 0-15 DATA 0-15

TL/F/9740-1

*The user may want to gate CS (“OR” Gate) with the signals that produce OE to the DRAMs and EN to the transceivers
FIGURE 1. 10 MHz Z280 Design (Z-bus Interface), 1 Wait State in Normal Accesses, 1 Wait State in Burst Accesses
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FIGURE 2. Z280 Access Cycles and Refresh (1 Wait State during Normal Access Cycles)
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TL/D/9740-4
FIGURE 3. Z280 Burst Access Cycle (1 Wait State in Normal and Burst Accesses)

DRAM Speed vs Processor Speed (DRAM Speed
References the RAS Access Time, trac, of the DRAM.
Using DP8422A-25 Timing Specifications)

25MHz =
24 MHz —
23 MHz —
22MHz ——
21 NHz —
20 MHz —
19 MHz —
18 MHz —
17 MHz ==t
16 MHz ——
15MHz ——f
14 MHz —
13 MHz —l
12MHz i
11 MHz =i
10MHz ot
9 MHz =i
8MHz

CLOCK FREQUENCY

E 120 ns DRAM
D 150 ns DRAM

2280/8000 2280/8000
280000 780000
1 WAT STATE, 2 WATT STATES,
4 CLOCKS 5 CLOCKS
PER ACCESS PER ACCESS
TL/D/9740-5
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Interfacing the Dual Port
DP8422A to the TMS320C30
and the VME Bus

INTRODUCTION

This application note describes how to interface the
TMS320C30 Digital Signal Processor (DSP) and the VME
bus to the DP8422A DRAM Controller. This system is run-
ning at 16 MHz. It is assumed that the reader is familiar with
the DP8422A, TMS320C30, and VME bus operations.

DESCRIPTION

This design consists of Port A of the DP8422A interfaced to
the primary bus of TMS320C30 DSP and Port B interfaced
to the VME bus. The DP8422A is operated in access Mode
1 and uses the interleaving capability on chip. A Port A ac-
cess cycle begins when the TMS320C30 places a valid ad-
dress on the address bus and asserts the strobe (/STRB)
signal, only if a refresh or Port B (VME bus) access is not in
progress. GRANTB of the DP8422A indicates which port is
currently granted to do an access. Port A is the default port
upon power up. This design accommodates 4 banks of
DRAM (256K x 4), 32 bits in each bank, giving maximum
memory capacity of 4M bytes. The schematic diagram is
shown in Figure 1 and simple timing diagrams are shown in
Figures 2 and 3.

National Semiconductor
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PROGRAMMING MODE AND BITS

Programming the DP8422A is on the first TMS320C30 DSP
write after power up. 60 ms initialization period is needed
right after this chip access write access programming.
Programming Bits

u = user defined, x = don't care.

RO, R1 = u,u
R2,R3 = u,u

R4, R5, R6 = x, X, X

R7 =1

R8 = 0

R9 = u

CO, C1,C2 = 010 (16 MHz)
C3=0

C4,C5,C6 = u, u, u(or0,1,1)
C7,C8 = uy,u

c9 =1

BO=0

B1 =1

s /e
' Addr. B,
1 ¥R
3
R /s
Synchrontzin
| e e
33Uz é ﬂ
— /E‘f.o ™
2 N DRAM
A 4 256004
oRA
A N bptenspan L1
4 bytes total
L4
p-
/ROY port B Data Bus
" T6MHz —
[?
“E AT /B <>/'IN Data Bus | /ENB
% A E
N GND ‘; '
port A Data Bus ] NG /N DR
7 K — -

14 N 14 \r
As245 AS245

TL/F/10558~1

FIGURE 1. Interfacing DP8422A/TMS320C30 Schematic Diagram (Interleave Mode)
*Please refer to Interfacing the DP8422A to an Asychronous Port B in a Dual 68020 System application note.
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; \ 5V ;
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TL/F/10558-2
FIGURE 2. Timing Diagram for Interleave Access between Bank 0 and Bank 1
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REFRESH*

‘*——_ BANK 0 ACCESS

PENDING BANK O ACCESS
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I
I —
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|
/RFRQ i \ /
aoor X X | \ '
/s T\ 5 \ \ 5
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/CAS \ E/ \ ﬁ: \
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/DTACK \ | 4 , \
(/ROY) ' :
/RFIP ] \ \/ ]

*During refresh all /RAS'’s will go low and high at the same time if All /RAS Refresh Mode is selected.

TL/F/10558-3

FIGURE 3. Timing Diagram for Refresh after an Access
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Port A Wait Support for the
DP8420A/21A/22A,
DP8420V/21V/22V,
DP84T22V, DP8430V/
31V/32V, DP8520A/21A/
22A and NS32CG821A
DRAM Controllers

INTRODUCTION

This application brief looks into the wait support offered by
the above DRAM controllers. All of these controllers behave
in the same way with respect to the insertion of wait states;
therefore, this application brief is valid to any and all of
them.

Wait states are necessary for interfacing fast microproces-
sors with slower memory or 1/0 devices. CPU manufactur-
ers name differently their Wait or Ready input line, however,
any CPU’s Wait or Ready input is compatible to either the
WAIT or DTACK output from these DRAM controllers.
These outputs basically extend the normal CPU cycle to
ensure: 1) that valid data is on the data bus before the CPU
latches this information into its registers, (in the read cycle)
and 2) that data is long enough on the data bus for the data
to be copied into memory before the CPU take this data of
the bus, (in the write cycle).

Both WAIT and DTACK signals are active low but with differ-
ent meaning. WAIT asserted means that while this output is
low wait states will be inserted in the memory cycle. DTACK
asserted means that when this output is low the transfer has
taken place and the memory cycle may be finished by the
CPU.

The user must first decide which kind of output is required
by the CPU in his or her application, and program the DRAM
controller accordingly (programming bit R7).

For example, the 68000/08/10/20/30/40 and
i286/i386/i486 uses a READY input active low, (named dif-
ferently by each CPU). This input asserted indicates to the
microprocessor that data has been written into memory or
that valid data is on the bus for the CPU to latch into its
registers. In the case of a memory cycle, the DRAM control-
ler must keep this signal high and assert it low when it is
ready to indicate that the access may finish. As long as the
CPU samples this signal high, wait states will be inserted
into the access cycle. These microprocessors can use the
DTACK type output from the DRC.

On the other hand, Intel’'s 8086/8088/186 and NSC's
NS32008/016/132, to name a few, use the READY input
active high. When this signal is sampled high by the micro-
processor, it indicates that the transfer can be finished. In
the case of a memory cycle, the DRAM controller must keep

National Semiconductor
Application Note 773

the signal low and assert it high when it is ready to indicate
that the access may finish. While this signal is sampled low
by the CPU, wait states will be inserted in the access cycle.
These microprocessors can use the WAIT type output from
these DRAM controllers.

A microprocessor may request a memory access while the
DRAM controller is in the middle of a refresh cycle, in the
middle of precharge for the previous access, while a Port B
access is in progress, or when the DRAM controller is idle or
free. In any case, the DRAM controller arbitrates between
accesses, refreshes and precharge, and two situations may
arise: 1) A Delayed Access meaning that a refresh cycle,
precharge time or other access was in progress when the
access was requested. And 2) A Non-Delayed Access
which means that no refresh cycle, precharge time or other
access were in progress when the access was requested.

NON-DELAYED ACCESS

If WAIT is selected, the DRAM controller will assert this out-
put, normally high, if and only if wait states are programmed.
The CPU will prolong the access cycle for as long as WAIT
is asserted low. The DRAM controller will bring WAIT high
after the programmed wait states allowing the CPU to finish
the memory access. If no wait states were programmed, the
DRAM controller will keep WAIT high and the CPU will read
or write data at the usual CPU cycle.

If DTACK is selected and because this output is normally
high, the DRAM controller will always assert this output to
indicate the end of the access. If wait states are pro-
grammed, the DRAM controller will assert DTACK after the
programmed wait states. If no wait states are programmed
the DRAM controller will assert DTACK at the beginning of
the access from CS and ADS (ALE) asserted.

DELAYED ACCESS

If WAIT is selected, the DRAM controller will assert this
output immediately from the access request by CS and ADS
(ALE). This will insert wait states allowing precharge or the
refresh cycle to finish. After precharge or the refresh cycle
is over, the previously requested access will start by assert-
ing RAS, at that time the WAIT output will follow the pro-
gramming selection on bits R2, R3.
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If DTACK is selected, the DRAM controller will keep this
output negated high allowing precharge or the refresh cycle
to finish. After precharge or the refresh cycle is over, the
previously requested access will start by asserting RAS, at
that time the DTACK output will follow the programming se-
lection on bits R2, R3.

The user may choose to read only the section regarding his
particular design, WAIT Type Output or DTACK Type Out-
put. In each section 4 possible programming selections are
shown. Every programming selection explains the behavior
of Mode 0 and Mode 1. In each mode the access can be
Non Delayed or Delayed. See table below.

WAIT Output Selected DTACK Output Selected
R3 R2 Mode 0 Mode1 Mode 0 Mode 1
Non- Non- Non- Non-
Delayed Delayed Delayed Delayed Delayed Delayed Delayed Delayed

0 0 oT oT oT oT oT oT oT oT

0 1 oT VoT oT VoT VoT 1T Vol VT

1 0 T Yol T Vol 1T 1T 1T 1T

1 1 1T 1T 1T 1T 1T 1T 1LT 1YLT
WAIT AND DTACK SUPPORT programmed through address bits R2 and R3 at program-

Wait During Single Accesses

WAIT can be programmed to delay a number of positive
edges and/or negative levels of CLK. These options are

ming time. The user is given four options described below:
0T during non-delayed and delayed acceses. During a non-
delayed access, WAIT will stay negated as shown in Figures
7a and 1b.

I

R3 R2 Mode 0 Mode 1
Non-Delayed | Delayed | Non-Delayed | Delayed
0 0 oT oT oT oT
| T | 12

cLK
1
i

ALE _/_\ !
1

_ 1

s \ \ ;
1
i

AREQ \ !
[
1
I

RASn * !
1
I

WAIT

TL/F/11209-1

FIGURE 1a. Mode 0 Non-Delayed Access with WAIT 0T (WAIT is Sampled at the End of the “T2” Clock State)

[ ™
cLK

ADS

T2

T3 | T4 |

;

—
—

AREQ

RAS

—

SR BN R N -

WAIT

TL/F/11209-2

FIGURE 1b. Mode 1 Non-Delayed Access with WAIT 0T (WAIT is Sampled at the End of the “T2” Clock State)
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AREQ _\

During an access that is delayed, WAIT will assert at the from the positive edge of CLK that starts RAS for that ac-
start of the access (CS and ALE or ADS) and it will negate cess as shown in Figures 7c and 1d.
| LA 2 | ™ | T4 |
CLK .
:
ALE 1
1
1
1
cs !
1
1
1
!
1
1
1

RASn PRECHARGE

Y

FIGURE 1c. Mode 0 Delayed Access with WAIT 0T
(“2T” RAS Precharge, WAIT is Sampled at the End of the “T2” Clock State)

¢ -F----F---d-e ===

TL/F/11209-3

m | T2 | ™ 13 T4 I

CLK K

S E

|
L

/

!

RASn V4 PRECHARGE

7

WAIT
TL/F/11209-4
FIGURE 1d. Mode 1 Delayed Access with WAIT 0T (WAIT is Sampled at the End of the “T2” Clock State)
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OT during non-delayed accesses and ,T during delayed

€L.-NV

R3 R2 Mode 0 Mode 1 ace During a non-delayed access, WAIT will stay neg-
Non-Delayed | Delayed | Non-Delayed | Delayed ated as shown in Figures 2a and 2b.
o 1 oT T oT VT
| T | T2 13 T4

CLK \
1
1
1
o /N |
1
]
cs \ \ !
:
_ ]

AREQ \ , 45
1
1
. I

RASn Q : y
1
A4

WAIT

TL/F/11209-5
FIGURE 2a. Mode 0 Non-Delayed Access with WAIT 0T (WAIT is Sampled at the “T3” Falling Clock Edge)

I T R

TL/F/11209-6
FIGURE 2b. Mode 1 Non-Delayed Access with WAIT OT (WAIT is Sampled at the “T3” Falling Clock Edge)
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During an access that is delayed, WAIT will assert at the of CLK that asserted RAS for that access, as shown in Fig-
start of the access (CS and ALE or ADS) and WAIT will ures 2c and 2d.
negate on the negative level of CLK after the positive edge

| T T T "o
CLK
1
1
1
ALE !
1] T
1 )
_ I 1
cs \ :\ \
1 1
1 1
1 1
e \\ }: ) ! Y
) 1 1
1 1
. | 1
RASh _/  recharce Q L ! B
1
Y

_ _\( ?\
WAIT A //
TL/F/11209-7

FIGURE 2c. Mode 0 Delayed Access with WAIT 1,T (WAIT is Sampled at the “T3” Falling Clock Edge)

CLK

ADS

J

AREQ

/

— T
RAS / PRECHARGE \1

l« -} -~ P J = = =

WAIT
TL/F/11209-8
FIGURE 2d. Mode 1 Delayed Access with WAIT 1,T (WAIT is Sampled at the “T3” Falling Clock Edge)
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14T during non-delayed and delayed accesses. If mode 0 is
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R3 R2 Mode 0 Mode 1 used, WATT. will assert when ALE is asserted and CS is
Non-Delayed | Delayed | Non-Delayed | Delayed asserted. WAIT v_vi.ll then negate on the negative level of
10 YT T T VT g(l:_;:;tzl; tzso?r?m/% ;?122 ;; .CLK that asserts RAS for the
| 8! | T2 |, ™ | T3 |
CLK '

ALE

)5

A

—

AREQ
1
1
RASH
1
A
WAIT .
TL/F/11209-9
FIGURE 3a. Mode 0 Non-Delayed Access with WAIT ,T
(WAIT is Sampled at the “T2” Falling Clock Edge)
If Mode 1 is used, WAIT will assert from CS asserted and of CLK after RAS has been asserted for the access as
ADS asserted. WAIT will then negate on the negative level shown in Figure 3b.
| T | T2 | ™ | T3 |
CLK

ADS %

[

1

. 1
AREQ \ !
I

1

—_ |
RASN !

WAIT

TL/F/11209-10
FIGURE 3b. MODE 1 Non-Delayed Access with WAIT 1,T
(WAIT is Sampled at the “T2” Falling Clock Edge)

4-197



AN-773

During delayed accesses, in both modes, WAIT will assert of CLK after the positive edge of CLK that started RAS for
at the start of the access and negate on the negative level that access as shown in Figures 3¢ and 3d.
| T | T2 I ™ I W | T3 l
CLK
ALE

—

\——

)

RASn / PRECHARGE

|
}
\

1
1
1
1
1
[]
1
1
1
h
]
1
]
AREQ \ !
1
]
:
]
1
1
Y

WAIT

TL/F/11209-11
FIGURE 3c. Mode 0 Delayed Access with WAIT 1,T
(WAIT is Sampled at the “T2” Falling Clock Edge)

| T T ™ ™ B
] 1 ]
] 1 ]
| 1 |
ANG I
ADS ! . H /
1 T T
1 1 1
1 1 1
cs | \ \ \ ) —
1 ] |
1 ] 1
1 ! : '
1 1
AREQ \ ! / : : /
] |
_  — ' '
RASH / PRECHARGE ! \ ! H /
1
: AN Y
WAIT ' '

TL/F/11209-12
FIGURE 3d. Mode 1 Delayed Access with WAIT 1,T
(WAIT is Sampled at the “T2” Falling Clock Edge)
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1T during non-delayed and delayed accesses. In Mode 0,
R3_R2 Mode 0 Mode 1 WATT will assert from ALE asserted and CS asserted. WAIT
Non-Delayed | Delayed | Non-Delayed | Delayed will negate from the next positive edge of CLK that asserts
11 1T 1T 1T 1T RAS for that access as shown in Figure 4a.
| T | T2 l ™ ' T3 |
CLK

ALE

AREQ

RASn

WAIT

TL/F/11209-13
FIGURE 4a. Mode 0 Non-Delayed Access with WAIT 1T (WAIT is Sampled at the End of the “T2” Clock State)

In Mode 1, WAIT will assert from ADS asserted and CS CLK after ADS and CS have been asserted as shown in
asserted. WAIT will negate from the first positive edge of Figure 4b.

l T l T2 ™

TS

CLK

we _\\}

RASH

WAIT

TL/F/11209-14
FIGURE 4b. Mode 1 Non-Delayed Access with WAIT 1T
(WAIT is Sampled at the End of the “T2” Clock State)
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During delayed accesses in both modes, WAIT will assert at positive edge of CLK after the positive edge of CLK that
the beginning of the access and will negate on the next starts RAS for that access as shown in Figures 4c and 4d.
| T I T2 I ™ l ™ | T3 l
CLK

ALE

- =

— Il
RASn V4 PRECHARGE

—

J— 1
WAIT Y v
TL/F/11209-15

FIGURE 4c. Mode 0 Delayed Access with WAIT 1T (WAIT is Sampled at the End of the “T2” Clock State)

1
I
|
1
1
|
1
1
1
|
T
1
1
1
L
I
1
1
'
:
Y

I T I T2 ' ™ | ™ , I

CLK .

P
|

AREQ \
RASn / rrecuaree

I
I
| U !
! A
—_— 1
WAIT Y
TL/F/11209-16

FIGURE 4d. Mode 1 Delayed Access with WAIT 1T (WAIT is Sampled at the End of the “T2” Clock State)

L
—
—
—
Q/_

When ending WAIT from a negative level of CLK, if RAS is When ending WAIT from a positive edge of clock in Mode 1,
asserted while CLK is high then WAIT will negate from the the positive edge of CLK that ADS is setup to, can be
negative edge of CLK. If RAS is asserted while CLK is low thought of as 1T in a non-delayed access. In a delayed
then WAIT will negate from RAS asserting. access, the positive edge of CLK that starts RAS can be
When ending WAIT from a positive edge of clock in Mode 0, ~  thought of as OT and the next positive edge as 1T.

the user can think of the positive edge of CLK that starts
RAS as OT and the next positive edge of CLK as 1T.
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Wait During Page Burst Accesses

WAIT can be programmed to function differently during cesses. The user is given four programming options de-
page/burst type accesses. During a page/burst access, the scribed below.
ECAS inputs will be asserted.then negated while AREQ is No Wait States (R5 = 0, R4 = 0): In this case, WAIT will
asserted. Through address bits R4 and R5, WAIT can be remain negated even if the ECAS inputs are toggled as
programmed to assert and negate during these type of ac- shown in Figure 5.
| 3 [ T4 | 3 | T4 | T3 | T | 3 [ T4 |
¢ ° ° ' ' ] 1
BEGINNING ! : H |
—  OF
AREQ  sccEss i | A L f
| ' \ |
_ 1 ! 1 1
RASn ! ' ! '
T T 1) T
: : : :
S LN 2 N 2 F X f
: ! : :
s ! . : !
1 1 : I
Y Y Y Y
WAIT
TL/F/11209-17
FIGURE 5. No Wait States during Burst (WAIT is Sampled at the End of the “T3” Clock State)
0T (R5 = 0, R4 = 1): WAIT will be asserted when the When a single or group of ECAS inputs are asserted, WAIT
ECAS inputs are negated with AREQ remaining asserted. will be negated as shown in Figure 6.
| T3 | T4 | 3 | " 3 | T | 13 | T4 [
o o o 1 1 ] 1
BEGINNING ' ' ! !
—  OF
AREQ  pccess : | : | Y4
| i ) '
. 1 I 1 !
RAsn : : : :
I T 1 1
1 1 ] 1
1 I 1 1
RS %K : h : )/'\\ : h : 7
1 1 1 1
. ! ! | !
cas : . . .
1 1 1 1
A A A
WAIT

TL/F/11209-18
FIGURE 6. OT during Burst (WAIT is Sampled at the End of the “T3” Clock State)
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1T (RS = 1, R4 = 0): WAIT will be asserted when the WAIT will be negated from the first negative level of CLK
ECAS inputs are negated with AREQ remaining asserted. after a single ECAS or group of ECASs are asserted as
When a single or group of ECAS inputs are asserted again, shown in Figure 7.

CLK

o o o

BEGINNING
AREQ  pccEss

RASn

ECAS

CAS

WA
TL/F/11209-19
FIGURE 7. 14T during Burst Access (WAIT is Sampled at the “T3” Falling Clock Edge)
1T (R5 = 1, R4 = 1): WAIT will be asserted when the will be negated from the first positive edge of CLK after a
ECAS inputs are negated with AREQ remaining asserted. single ECAS or group of ECASs are asserted as shown in
When a single or group of ECAS are asserted again, WAIT Figure 8.
] ™o ™ T T8 ™ | T | T8 T
CLK
BEGINNING

AREQ  pccESS

= =\

4--—---—1—--———-

} ]

) 0 |
J— 1 1 '
WAIT

FIGURE 8. iT during Burst Access (WAIT is Sampled at the End of the “T3” Clock State)

TL/F/11209-20

When ending WAIT from a negative level of CLK: If the When ending WAIT from a positive edge of CLK, the posi-
ECAS are asserted while CLK is high, then WAIT will negate tive edge of CLK that ECAS is set up to, can be thought of
from the negative edge of CLK. If the ECAS are asserted as 1T.

while CLK is low, then WAIT will negate from the ECASs

asserting.

4-202




DTACK During Single Accesses programmed through address bits R2 and R3 at program-
DTACK can be programmed to delay a number of positive ming t.ime. The user is given four options described by the
edges and/or negative levels of CLK. These options are following.
0T During Non-Delayed and Delayed Accesses. In Mode 0,
R3 R2 Mode 0 Mode 1 DTACK will assert from the positive edge of CLK that starts
Non-Delayed | Delayed | Non-Delayed | Delayed RAS as shown in Figure 9a.
0 0 0T oT oT oT
| 1 | T2 T3 T4
CLK i
]
:
i /N :
\ |
I
cs \ !
1
1
1
AREQ \1 ! y's
|
—_ 1
RASn !
1
— 1
DTACK v

TL/F/11209-21
FIGURE 9a. Mode 0 Non-Delayed Access with DTACK OT (DTACK is Sampled at the End of the “T2” Clock State)

In Mode 1, DTACK will assert from ADS and CS as shown in Figure 9b.

I

ADS

R N
A\
AREG —\
—

DTACK

TL/F/11209-22
FIGURE 9b. Mode 1 Non-Delayed Access with DTACK 0T (DTACK is Sampled at the End of the “T2” Clock State)
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During delayed accesses in both modes, DTACK will assert
from the positive edge of CLK which starts RAS for that
access as shown in Figures 9c and 9d.

CLK

ALE

AREQ

RASn / PRECHARGE

o
- U

FIGURE 9c. Mode 0 Delayed Access with DTACK OT (2T Clock Periods are Programmed
for RAS Precharge, DTACK is Sampled at the End of the “T2” Clock State)

TL/F/11209-23

| T1

T2 . | ™ | T3 I T4 I

CLK
ADS

—/\
s T\
—/\

AREQ

RASn / PRECHARGE

1
1
1
|
|
T
|
1
1
|
0
|
1
|
1
I
I
h
1
'

Y
DTACK
TL/F/11209-24

FIGURE 9d. Mode 1 Delayed Access with DTACK 0T (DTACK is Sampled at the End of the “T2” Clock State)
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1T During Non-Delayed and Delayed Accesses. In Mode 0,
R3 R2 Mode 0 Mode 1 DTACK will asert on the negative level of CLK after the
Non-Delayed | Delayed | Non-Delayed | Delayed positive edge of CLK that starts RAS as shown in Figure

0 1 YT YT 1T 1%T 10a.

CLK

ALE _/_\
—\

DTACK \< !' y
TL/F/11209-25

FIGURE 10a. Mode 0 Non-Delayed Access with DTACK of ,T (DTACK is Sampled at the “T3” Falling Clock Edge)

In Mode 1, DTACK will assert from the negative level of
clock after ADS has been asserted, given that RAS is as-
serted as shown in Figures 10b and 10c.

CLK

ADS _\

]

RASn < /
DTACK ;
TL/F/11209-26

FIGURE 10b. Mode 1 Non-Delayed Access with DTACK of 1,T (DTACK is Sampled at the “T2” Falling Clock Edge)

al
/
| _—

je = = =

| T | T2 | ™ | T3 | T4

wa I\

.
DTACK : @

__——

fe - - -}

TL/F/11209-27
FIGURE 10c. Mode 1 Non-Delayed Access with DTACK of 1,T (DTACK is Sampled at the “T2” Falling Clock Edge)

4-205

€L.-NV




AN-773

During delayed accesses in both modes, DTACK will assert CLK that started RAS for that access as shown in Figures
from the negative level of CLK after the positive edge of 70d and 70e.
| ™ I T2 | T3 | ™ | T4
CLK \

A M\
s —_ |
AR -\ \

RASn /  PRECHARGE X

DTACK

[Ny AT S

TL/F/11209-28
FIGURE 10d. Mode 0 Delayed Access with DTACK of ,T (DTACK is Sampled at the “T3” Falling Clock Edge)

| T | T2 | ™ | ™ | 3 | T4 |

/S S

CLK

—/\

- -} - - =-J----

AREQ \

RASn PRECHARGE
1
¥

pud
_
pau
-

FIGURE 10e. Mode 1 Delayed Access with DTACK of 1,T (DTACK is Sampled at the “T2” Falling Clock Edge)
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1T During Delayed and Non-Delayed Accesses. In Mode 0,
R3 R2 Mode 0 Mode 1 DTACK will assert from the first positive edge of CLK after
Non-Delayed | Delayed | Non-Delayed | Delayed the positive edge of CLK which starts RAS for that access

1 0 1T 1T 1T 1T as shown in Figure 11a.

e /\
—_|

-\

RASn

2

—

TL/F/11209-30

FIGURE 11a. Mode 0 Non-Delayed Access with DTACK of 1T (DTACK is Sampled at the End of the “T2” Clock State)

|
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i

DTACK

In Mode 1, DTACK will assert from the positive edge of CLK
after ADS and CS are asserted as shown in Figures 11b and
11c.
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CLK
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FIGURE 11b. Mode 1 Non-Delayed Access with DTACK of 1T (DTACK is Sampled at the End of the “T2” Clock State)
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FIGURE 11c. Mode 1 Late Non-Delayed Access with DTACK of 1T
(DTACK is Sampled at the End of the “T2” Clock State)
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During delayed accesses in both modes, DTACK will assert of CLK that started RAS for that access as shown in Figures
from the first positive edge of CLK after the positive edge 71d and 77e.

| T2 ] ™

AN
we /TN
s\
wa o \

RASn / PRECHARGE

-
=
—
o

S

?

]

17

DTACK
TL/F/11209-33
FIGURE 11d. Mode 0 Delayed Access with DTACK of 1T (DTACK is Sampled at the End of the “T2” Clock State)

| T | T2 I| ™ '| ™ l 3 | ™ |

CLK

s T\ N g Ve
= — L

TL/F/11209-34
FIGURE 11e. Mode 1 Delayed Access with DTACK of 1T (DTACK is Sampled at the End of the “T2” Clock State)
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11, T During Delayed and Non-Delayed Accesses. In Mode
R3 R2 Mode 0 Mode 1 0, DTACK will assert from the negative level after the first
Non-Delayed | Delayed | Non-Delayed | Delayed positive edge of CLK after the positive edge of CLK that
11 1T 14T 1T 10T started RAS for that access as shown in Figure 12a.

| T | 2 | Irw | ™ | T3 |

CLK / \ / *I / *I / \ /
ALE _/_-\ :

L

=—\]

RASn <

DTACK

R

e« - ---4----
|

2

TL/F/11209-35
FIGURE 12a. Mode 0 Non-Delayed Access with DTACK of 11,T (DTACK is Sampled at the “T2” Falling Clock Edge)

In Mode 1, DTACK will assert from the negative level after
the first positive edge of CLK after ADS and CS are assert-
ed as shown in Figures 12b and 72c.

1
1
T 1
AREQ \ '
T
1
_ I
RASn !
! 1
1
—_ 1
DTACK
TL/F/11209-36

FIGURE 12b. Mode 1 Non-Delayed Access with DTACK of 11,T (DTACK is a Sampled at the “T2” Falling Clock Edge)

| T | 12 | ™ | ™ | 3 |

CLK
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AREQ \

RASn <
i
DTACK
TL/F/11209-37

FIGURE 12c. Mode 1 Non-Delayed Access with DTACK of 114,T (DTACK is Sampled at the “T2” Falling Clock Edge)
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During delayed accesses in both modes, DTACK will assert
from the negative level after the first positive edge of CLK

after the positive edge of CLK that starts RAS for that ac-
cess as shown in Figures 12d and 712e.

AN A AL
S S M U AN
b i)
B e AV S
= —

TL/F/11209-38

FIGURE 12d. Mode 0 Delayed Access with DTACK of 11,T (DTACK is Sampled at the “T2” Falling Clock Edge)

[ T | ITz l IT3 | lrw | Irw | 3 |

CLK / \ / \l . . , /~ \ /

N s z : S~

5 T\ | ! | /S

T
RASn _/ PRECHARGE: \ E ; :
¥ i ¥ :

- Ly

TL/F/11209-39

FIGURE 12e. Mode 1 Delayed Access with DTACK of 11,T (DTACK is Sampled at the “T2” Falling Clock Edge)

When starting DTACK from a negative level of CLK: If RAS
is asserted while CLK is high, then DTACK will assert from
the negative edge of CLK. If RAS is asserted while CLK is
low, then DTACK will assert from RAS asserting. When
starting DTACK from a positive edge of CLK: In Mode 0, the
positive edge of CLK that starts RAS can be thought of as
oT.

In Mode 1, during non-delayed accesses, the positive edge
of CLK that ADS is set up to, can be thought of as 1T.
During delayed accesses, the positive edge of CLK that
starts RAS can be thought of as OT and the next positive
edge of CLK as 1T.
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DTACK During Page/Burst Accesses

DTACK can be programmed to function directly page/burst
types of accesses. During a page/burst access, the ECAS
inputs will be asserted then negated while AREQ remains
asserted. Through address bits R4 and R5, DTACK can be
programmed to negate and assert during this type of ac-

cess. The user is given four programming options described
below.

No Wait States (R5=0, R4=0): In this case, DTACK will
remain asserted even if the ECAS inputs are negated with
AREQ asserted as shown in Figure 13.

[HLE S T 7SN T N S AN TS < S N 7S NS - SN B TR
CLK [} ) 1, 1,
e o o 1 1 1 |
BEGINNING ! ; , )
—  OF ' '
AREQ  yecEss ' | i ' 4
o | | ' | /K
RASNn 1 1 1 1
| | | ; /
1 1 1
1 1 : 1
] ] ] 1
£cas RN Y 2R\ C AN VAN LA
1 ] 1 ]
1 1 ] 1
- | 1 | |
tAs X ' > < i 7 < ' 7 X ' b>
1 1 1 1
1 1 1 1
DTACK 1 I 1 I
DTACK ' ' ' ' y_

TL/F/11209-40

FIGURE 13. No Wait States during Burst Access (DTACK is Sampled at the End of the “T3” Clock State)

0T (R5 = 0, R4 = 1): DTACK will be negated when the
ECAS inputs are negated with AREQ asserted. When a sin-

gle or group of ECAS inputs are asserted again, DTACK will
be asserted as shown in Figure 714.

CLK

AREQ

RASn

ECAS

CAS

DTACK

l T3

e o o (
BEGINNING
OF

ACCESS

3

T4 | T3

T4 I T3

1o

l<- - -

DEIR

l<- - -

- - -

T30

l<- - -

NS

TL/F/11209-41

FIGURE 14. OT During Burst Access (DTACK is Sampled at the End of the “T3” Clock State)
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1T (R5=1, R4=0): DTACK will be negated when the be asserted from the first negative level of CLK after the

ECAS inputs are negated with AREQ asserted. When a sin- single or group of ECAS are asserted as shown in Figure 15,
gle or group of ECAS inputs are asserted again, DTACK will E

ors '\)
T 1
DTACK < y K y < y

TL/F/11209-42

(T = S T | A S T N N L | T4 | 73 | ™ | T4 |
CI_K U J U J U
o o h h ) h ) )
BEGINNING ! ' ! H ! H
AREQ ACCESS H 1 1 ' : i /ﬁ
] ' | i ' i
—_ ] ' ] [} il I
RASn ! H . H H ;
) 1 1l
E : ! ! ! :
ECAS N ' A \ ! ' ' '
] N [l K '
: : i : ; :
' ' ! ' ! |
] 1 ! 1
L} 1 |
] 1 l

FIGURE 15. 4T during Burst Access (DTACK is Sampled at the “T3” Falling Clock Edge)

1T (R5 = 1, R4 = 1): DTACK will be negated when the asserted from the first positive edge of CLK after the single
ECAS inputs are negated with AREQ asserted. When a sin- or group of ECAS are asserted as shown in Figure 16.
gle or group of ECAS are asserted again, DTACK will be
| ™ ™ ™ ™ e
cLK : / / /
e o o ] 1 1 1
 BEGINNING ! ' ' i , H
MR pogess : : : : : A
: g ! 5 : T
RAS ' ' 1 !
: E - E : i
i : : : : :
2S5 i : \ ' A
H t
H i H !
CAS ! ' ! 1 \
1 i [ ) 1
1
DTACK H
TL/F/11209-43
FIGURE 16. 1T During Burst Access (DTACK is Sampled at the “T3” Falling Clock Edge)
When starting DTACK from a negative level of CLK: If the CONCLUSION
ECAS are asserted. while CLK is high, then DTACK will as- By inserting wait states the normal CPU access cycle is
sert from the negative edge of CLK. If the ECAS are assert- increased and all signals associated with the access are
ed while CLK is low, then DTACK will assert from the ECAS extended. A CPU access cycle can be increased by one or
asserting. by multiple CPU clock periods so that the memory cycle can
When starting DTACK from a positive edge of CLK, the pos- be successfully terminated. Extending the access cycle al-
itive edge of CLK that ECAS is set up to, can be thought of lows slower memories to have the necessary extra time to
as 1T. respond in a reliable way to the CPU. The insertion of wait

states will ensure that data from the DRAM will be present
when the CPU reads or that data has been written into the
DRAM before the CPU terminates cycle.
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Interfacing the NS32CG821
to the NS32CG16

INTRODUCTION

This application note explains how to interface the
NS32CG821 to the NS32CG16 microprocessor. It is as-
sumed that the reader is familiar with the NS32CG16 ac-
cess cycles and operation of the NS32CG821.

DESIGN DESCRIPTION

This design is a simple circuit to interface the NS32CG821
to the NS32CG 16 and up to 8 Mbytes of DRAM. An access
cycle begins when the NS32CG16 asserts the ADS signal
and places a valid address on the bus. The ADS places a
pair of 74F373 fall-through latches in fall-through mode and
on the negating edge of ADS latches the address to guaran-
tee that the address is valid throughout the entire access.
The ADS signal is inverted to produce the signal ALE to the
NS32CG821. On the next rising clock edge, after the ALE
signal is asserted, the NS32CG821 will assert RAS. After
guaranteeing the row address hold time, tgan, the
NS32CG821 will place the column address on the DRAM
address bus, guarantee the column address setup time and
assert CAS. During read cycles, the DRAM will place valid
data on the bus after the DRAM, tcac, timing has been met.
During write cycles, CAS will be delayed until after T3re, to
ensure that the CPU’s write data is valid before CAS is as-
serted.

National Semiconductor
Application Note 576
Chris Koehle

Rich Levin

The N32CG821 will also take complete care of the DRAM's
refresh needs. There is an internal 15 microsecond timer,
and a refresh address counter. Refresh access arbitration
will be controlled by an internal state machine. It will allow
current cycles to complete before starting the refresh cycle.
If a refresh cycle is in progress the NS32CG16 will be held
off completing the access by asserting the CWAIT signal to
the NS32CG16.

During programming of the chip, it is recommended that the
user gate ML (Mode Load) and (TSO) (Timing State Output)
for the connection onto the ML pin of the NS32CG821. This
is to ensure that the chip will be programmed while a valid
access address is present.

Timing parameters are referenced to the numbers shown in
the NS32CG821 data sheet, and are included in each equa-
tion in Jtalics to indicate the target specifications that need
to be satisfied. Times that begin with a “$” refer to the
NS32CG821 data sheet unless otherwise stated times use
“NS32CG821-20" part’'s parameters with heavy loading;
these times are generally worse than the “NS32CG821-25"
part. Times that begin with a “#” refer to the NS32CG16
data sheet. Equations are provided so that the user can
calculate timing based on their frequency and application.

NS32CG16-NS32CG821 Connection Diagram

latched address bus

cLk
o e —p{ DELCLK
CWAIT =5 o 755 WAIT
WR >l WIN
i L
NS32C616 m\%

BO, B1

—_ DRAM

ECAS1,3 ARRAY

ECASO, 2 (up to
8 MB)

NS32CG821

*Standard components in any NS32CG16 design.

TL/F/10130-1
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DESIGN TIMING PARAMETERS
Timing diagrams are supplied further on in this document.

Clock Period

$300:

$301a:

$302:

$303 & $304:

$310:

= Tcp10 = 100 ns @ 10 MHz
= Tepl5 = 66 ns @ 15 MHz

CS Asserted to CLK High (only A20-A23 are
used for decode)

14 ns Min @ NS32CG821-20, 13 ns Min @
NS32CG821-25

= T1 — (CTTL to address valid + B-PAL de-
lay)

= Tcp = #taHv — tBpal

=100ns —40ns — 156 ns

'= 45 ns @ 10 MHz

=66ns —30ns —15ns
I= 21 ns @ 15 MHz |

ALE Setup to CLK High

16 ns Min @ NS32CG821-20,

15 ns Min @ NS32CG821-25

= T1 — Inverter Max — CTTL to ADS
= Tep — tpih — #taDsa
=100ns — 5ns — 35 ns

|= 60 ns @ 10 MHz I

=66ns —5ns — 26 ns
|= 35 ns @ 15 MHz |

ALE Pulse Width
18 ns Min @ NS32CG821-20,
13 ns Min @ NS32CG821-25

= #1ADSw
= 30 ns @ 10 MHz
= 25 ns @ 15 MHz

Address Setup to CLK

20 ns Min @ NS32CG821-20,

18 ns Min @ NS32CG821-25

= T1 — CTTL to Address — F373 In to Out

= Tep — tanv — tphi
=100ns —40ns — 6 ns
|= 54ns @ 10 MHLI
=66ns —30ns — 6ns
|= 30 ns @ 15 MHz I

WIN Setup to CLK High that starts the access
RAS (to guarantee CAS is delayed)

—21 ns Min @ NS32CG821-20 &

— 16 ns Min @ NS32CG821-25

= T1 — (time until WR active)

= Tcp - (Tcp + twRa

= 100 ns — (100 ns + 20 ns)

|= —20 ns @ 10 MHz|

=66ns — (66 ns + 15 ns)

I= —15ns @ 15 MHzl

Timing parameter to guarantee RAS Precharge with 2 Clock
Precharge

$29b: TSO negated Setup to CLK High
with > 1 Period of Precharge
19 ns Min @ NS32CG821-20,
15 ns Min @ NS32CG821-25
= T4 — CTTL to TSO Inactive
= Tep — #TSO
=100 ns —12 ns

= 88 ns @ 10 MHz

=66ns —10 ns

CWAIT: Setup for Wait States, before T3re
#tCWs, 20 ns Min @ 10 MHz
& 15 MHz for NS32CG16
=T1 + T2 — (Time in T1 until CS
Asserted + CS to WAIT Asserted)
= 2Tcp — (#Tanv + tgpal + $311)
=200ns — (40 ns + 15 ns + 26 ns)

= 119 ns @ 10 MHz
=133 ns — (30 ns + 15 ns + 22 ns)

= 66 ns @ 15 MHz

CWAIT: Hold, after T3re
#tCWh, 5 ns Min @ 10 MHz
& 15 MHz for NS32CG16
= T3re to WAIT Negated
= $17 Min

= 7 ns @ NS32CG821-20
= 7 ns @ NS32CG821-25

CWAIT: Setup for Termination of Access
#tCWs, 20 ns Min

= Tep — $17 Max

= 61 ns @ 10 MHz |NS32CG821-20 Part

=66ns —39ns

= 27 ns @ 15 MHz |NS32CG821-20 Part

DRAM SPECIFIC TIMING WHEN USING
THE NS32CG16 @ 10 MHz

Since systems and DRAM times vary, the user is encour-
aged to change the following equations to match their sys-
tem requirements. Timing has been supplied for systems
with 0 or 1 wait states. The times assume worst case load.
As such, the time will improve with lower circuit loads.




Zero Wait States Analysis for a 10 MHz NS32CG16

tRac = T2 + T3 — CLK to RAS — Transceiver
Delay — Data Setup

= 2Tcp — $307 — tpn — #ipis
=200ns —32ns — 7ns — 18 ns

= 143 ns @ 10 MHz | NS32CG821-20 Part

taAA = T2 + T3 — CLK to Column Address Valid
— Transceiver Delay — Data Setup

= 2T¢p — $316act — tpp — #ipjs
=200ns —87ns —7ns — 18 ns

= 88 ns @ 10 MHz |NS32CG821-20 Part

= T2 + T3 — CLK to CAS — Transceiver
Delay — Data Setup

= 2Tcp — $308act — tpp — #ipis

=200ns —89ns —7ns —18ns

= 86 ns @ 10 MHz |NS32CG821-20 Part

One Wait State Analysis for a 10 MHz NS32CG16

tRAC = T2+ Ty + T3 — CLKto RAS —
Transceiver Delay — Data Setup

= 8Tgp — $307 — tpn — #ipis
=300ns —32ns —7ns — 18 ns

= 243 ns @ 10 MHz | NS32CG821-20 Part

tAA = T2 + Ty + T3 — CLK to ColumnAddress
Valid — Transceiver Delay — Data Setup

= 8T¢p — $316act — tpp — #ipjs
=300ns —87ns —7ns — 18 ns

= 188 ns @ 10 MHz | NS32CG821-20 Part

= T2 + Ty + T3 — CLK to CAS —
Transceiver Delay — Data Setup

= 8T¢p — $308act — tppy — #tpis

=300ns —89ns —7ns — 18ns

= 186 ns @ 10 MHz | NS32CG821-20 Part
RAS Precharge Parameter (for both zero and one wait
state)
trp RAS Precharge Time

see DRAM data sheet (usually < 100 ns)

= T4 + T1 — CTTL to TSO inactive +
[(CLK high to RAS asserted) — (TSO
negated to RAS negated)]

= 2T¢p — #tys0ia + $53
=200ns —12ns + 4 ns

= 192 ns @ 10 MHz |for NS32CG16
RAS Low During Refresh (for both zero and one wait state)

tcac

tcac

tras = Programmed Clocks — [(CLK High to
Refresh RAS asserted) — (CLK High to
Refresh RAS negated)]
= 2Tgp — $55°
=200ns — 5ns

= 195 ns @ 10 MHz | for NS32CG 16

DRAM SPECIFIC TIMING WHEN USING THE NS32CG16

@ 15 MHz

The input DELCLK controls the internal delay line and

should be a multiple of 2 MHz. Since DELCLK is 15 MHz

(when directly connected to CTTL) and is not a multiple of

2 MHz, tran and tasc will vary from the programmed times

according to the equations listed below.

In addition, please note the following pertaining to the timing

equations:

1. Times for tgaH and tasc at light loads are specified 2 ns
longer than for normal-heavy loads. (See data sheet
specifications.)

2. Light load is defined as 4 banks of four x 4 DRAMs

3. When using normal-heavy loads at 15 MHz a DELCLK
divisor of 8 is used and when using light loads at 15 MHz
a DELCLK divisor of 7 is used.

tRAHact = 30 * [(DELCLK divisor * 2 MHz/DELCLK
freq) — 1] ns + 15 ns (+2 ns for light load
only)
= 30 * [(8 * 2 MHz/15MHz) — 1lns + 15ns
= 17 ns @ 15 MHz
Normal-Heavy Loads
= 30*[(7* 2MHz/15MHz) — 1]lns + 15ns
+2ns
= 15ns @ 15 MHz
Light Loads
tascCact = 15 * [DELCLK Divisor * 2 MHz/DELCLK

Freglns — 15 ns (+2 ns for light load only)
15 * [8 * 2 MHz/15 MHz]ns — 15 ns

1ns @ 15 MHz
Normal-Heavy Loads

15* [(7 * 2MHz/15MHz] ns — 15ns + 2
ns

I

1ns @ 15 MHz
Light Loads

PARAMETER ADJUSTMENTS FOR 15 MHz DELCLK
DUE TO CHANGED tgay and tasc

$308act CLK High to CAS = Data Sheet Spec +
(Actual tgay — Spec tran) + (Actual tasc —
Spec tasc)
=79ns + (17ns — 15ns) + (1 ns — 0 ns)

= 82 ns @ 15 MHz
Heavy Load

=89ns + (17ns — 15ns) + (1 ns — 0 ns)

= 92 ns @ 15 MHz |NS32CG821-20 Part
Heavy Load

=72ns + (15ns — 17ns) + (1 ns — 2 ns)

= 69 ns @ 15 MHz
Light Load

=81ns + (15ns — 17ns) + (1 ns — 2 ns)
NS32CG821-20 Part

NS32CG821-25 Part

NS32CG821-25 Part

= 78 ns @ 15 MHz
Light Load
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$316act CLK High to Column Address Valid

= Data sheet Spec + (Actual tran —
Specified tran)

=75ns + (17 ns — 15 ns)

= 77 ns @ 15 MHz
Normal-Heavy Load

=87ns + (17 ns — 15 ns)

= 89 ns @ 15 MHz
Normal-Heavy Load

=66ns + (15ns — 17 ng)

= 64 ns @ 15 MHz
Light Load

=78ns + (15ns — 17 ns)

NS32CG821-20 Part

NS32CG821-20 Part

NS32CG821-25 Part

= 76 ns @ 15 MHz
Light Load

NS32CG821-20 Part

ZERO WAIT STATES ANALYSIS FOR A 15 MHz
NS32CG16

tRAC = T2 + T3 — CLK to RAS — Transceiver
Delay — Data Setup
= 2Tcp — 8307 — tpn — #tpis
=133ns —26ns — 7ns — 15ns
= 85ns NS32CG821-25 Part
Normal-Heavy Load
=133ns —22ns — 7ns — 15 ns
= 89 ns NS32CG821-25 Part
Light Load
taA = T2 + T3 — CLK to Column Address Valid
— Transceiver Delay — Data Setup
= 2T¢p — $316act — tpp — #ipis
=133ns —77ns — 7ns — 15 ns
= 34 ns NS32CG821-25 Part
Normal-~Heavy Load
=133ns —64ns — 7ns — 15 ns
= 47 ns NS32CG821-25 Part
Light Load
tcac = T2 + T3 — CLK to CAS — Transceiver

Delay — Data Setup
2Tcp — $308act — tph — #ipjs
=133ns —82ns —7ns — 15 ns

1

= 29 ns
Normal-Heavy Load

NS32CG821-25 Part

=133ns —69ns —7ns — 156 ns

= 42 ns
Light Load

NS32CG821-25 Part

ONE WAIT STATE ANALYSIS FOR A 15 MHz NS32CG16

tRAC =T2 + Ty + T3 — CLKto RAS —
Transceiver Delay — Delay Setup
= 8Tcp — $307 — tpn — #ipis
=200ns —26ns —7ns — 16 ns
= 152 ns NS32CG821-25 Part
Normal-Heavy Load
=200ns —22ns — 7ns — 16 ns
= 156 ns NS32CG821-25 Part
Light Load
tAA = T2 + Ty + T3 — CLK to Column Address
Valid — Transceiver Delay — Data Setup
= 8T¢p — $316act — tpn — #ipis
=200ns —77ns —7ns — 15 ns
= 101 ns NS32CG821-25 Part
Normal-Heavy Load
=200ns —64ns —7ns — 15 ns
= 114 ns, NS32CG821-25 Part
Light Load
tcac = T2+ Ty + T3 — CLKto CAS —

Transceiver Delay — Data Setup 3T¢p —
$308act — tph — #1ipis

=200ns —82ns —7ns — 15ns
NS32CG821-25 Part

= 96 ns
Normal-Heavy Load

=200ns —69ns —7ns — 15 ns

= 109 ns
Light Load

NS32CG821-25 Part

RAS PRECHARGE PARAMETER (FOR BOTH
ZERO AND ONE WAIT STATE)

trp RAS Precharge Time
see DRAM data sheet (usually < 100 ns)

= T4 + T1 — CTTL to TSO Inactive +
[(CLK High to RAS Asserted) — (TSO
Negated to RAS Negated)]

= 2T¢p — trsoia + $53
=133ns — 10ns + 4 ns

= 127 ns @ 15 MHz
for NS32CG16

RAS LOW DURING REFRESH
(FOR BOTH ZERO AND ONE WAIT STATE)

trAS = Programmed Clocks — [(CLK High to
Refresh RAS Asserted) — (CKL High to
Refresh RAS Negated)]
= 2Tep — $55
=133 ns — 6 ns.

= 127 ns @ 15 MHz
for NS32CG16




Programming Bits*

9/5-NV

Bit Value Description

R1, RO 1,0 ﬁE Low during Refresh = 2T
RAS Precharge Time = 2T
R3, R2 0,0 No Wait States during Non-Delayed Access
1,1 One Wait State during Non-Delayed Access

R5, R4 0,0 No Wait States during Burst
R6 User Defined Add Wait States with WAITIN
R9 User Defined Staggered or all RAS Refresh
Co,C1,C2 b Divisor for DELCLK
C3 ax Time between Refreshes
C8, C5, C4 User Defined Depends on User's DRAM Configurations
Cc7 1 Choose tasc = 0 ns
c8 1 Choose tgaH = 15 ns
C9 1 Delay CAS for Write Accesses
BO 1 Address Latches are Fall Through

* ECASO, B1, and R7 must be programmed low and R8 must be programmed high for operation of chip.
**Choose C2, C1, CO =
1, 0, 1 for NS32CG16 @ 10 MHz
0, 1, 0 for NS32CG16 @ 15 MHz, w/Heavy Load
0, 1, 1 for NS32CG16 @ 15 MHz, w/Light Load
*** Choose C3 =
0 for NS32CGG16 @ 10 MHz
1 for NS32CG16 @ 15 MHz Normal-Heavy Load
0 for NS32CG16 @ 15 MHz Light Load
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NS32CG16-NS32CG821 Dram Timing for 0 Wait States
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NS32CG16-NS32CG821 DRAM Timing with One Wait State

READ CYCLE WRITE CYCLE
CPU STATES n n ™ B T m n ™ 3 ™
G156 NS32c6821
o Mok
s N/ \_/
ALE
ADDRESS x VALID X VALID
‘"ST’ \ \ B
] -/ \
s \ / \ /|
& / Al
0-8,9,10 X] row X COLUMN X] row X COLUMN
m \
- ! !
(connect to CWATT) / /

TL/F/10130-3

Access Request during an Internal Refresh Cycle (for One Wait State during Access)

K
or
T T T T, ™ ™ ™ ™ Ts A i

Q-9 REFRESHROW X VALD ROW wooL | X

INTERNAL
REFRESH IN

PROGRESS
(NOT A PIN BUT \ /
INCLUDED FOR DIAGRAM
CLARITY, ACTIVE LOW)

s iow /21 PReCHARGE /
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[ | y

w1 Yl ol
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48 Lead Hermetic Dual-In-Line Package (D)
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Physical Dimensions

20 Lead Ceramic Dual-In-Line Package (J)
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Physical Dimensions

52 Lead Plastic Chip Carrier (V)
NS Package Number V52A
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84 Lead Plastic Chip Carrier (V)
NS Package Number V84A
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National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical
literature.

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and
section contents for each book.

Please contact your local National sales office for possible complimentary copies. A listing of sales offices follows this
bookshelf.

We are interested in your comments on our technical literature and your suggestions for improvement.
Please send them to:

Technical Communications Dept. M/S 16-3G0

2900 Semiconductor Drive

P.O. Box 58090

Santa Clara, CA 95052-8090
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Telex: 52996 NSSEA HX

Fax: (852) 736-9960

National Semiconducter
(Australia) PTY, Ltd.

Bldg. 16, Business Park Dr.
Melbourne, 3168

Victoria, Australia

Tel: (03) 558-9999

Fax: 61-3-558-9998

National Semiconductor (PTE),
Ltd.

200 Cantonment Road 13-02
Southpoint 200

Singapore 0208

Tel: 2252229

Telex: RS 50808

Fax: (65) 225-7080

National Semiconductor (Far East)
Ltd.

Taiwan Branch

9th Floor, No. 18

Sec. 1, Chang An East Road
Taipei, Taiwan R.O.C

Tel: (86) 521-3288

Telex: 22837 NSTW

Fax: 02 561-3054

National Semiconductor (Far East)
Ltd.

Korea Branch

13th Floor, Dai Han Life Insurance
63 Building,

60, Yoido-dong, Youngdeungpo-ku,
Seoul, Korea 150-763

Tel: (02) 784-8051

Telex: 24942 NSPKLO

Fax: (02) 784-8054




