






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































7.

8.

10.

Determining tCAC (CAS access time) and column ad-
dress access time needed by the DRAM:

200ns — 50 — 45 —8ns — 7.5ns — 79 ns (CLK to
CAS low on DP8422A-25) = 51 ns

Therefore the tCAC of the DRAM must be 51 ns or less.

Minimum setup time of DO low (from DTACKO) to
CLOCK (74AS374 needs 3 ns):

50 ns (one clock) — 33 ns (DTACKO low from CLK
high) — 4.5 ns (max delay of 74AS02) = 12.5 ns

Minimum PCLK setup to CLOCK (rising edge of
74AS374, needs 3 ns):

50 ns (one clock) — 35 ns (max PCLK delay) — 5 ns
(max 74AS04 delay) — 4.5 ns (max delay of 74AS02)
= 55ns

Minimum SRDY setup time to clock where it is sampled
(15 ns is needed by the 80286):

50 ns (one clock period) — 8 ns (max delay low to high
of “Q” output of 74AS374) — 4.5 ns (max delay of
74AS00) — 4.5 ns (max delay of 74AS00, CLOCK) =
33 ns

80286, DESIGN #3, ACCESS MODE 0,
25 MHz TIMING (80286-12) WITH ONE
WAIT STATE DURING SEQUENTIAL ACCESSES

1.

2a.

2b.

Maximum time to address valid:

The “G” input makes the 74AS373 fall-thru at 7.5 ns
(max) from CLOCK high (7.5 ns max delay of 74AS175
low to high) + 11.5 ns (74AS373 enable time) = 19 ns

Maximum time to ALE high from CLOCK:

22 ns (max status valid) + 4.5 ns (74AS00) = 26.5 ns
Maximum time to ALE high from CLOCK (DP8422A
CLK):

22 ns (max status valid) + 0 ns (74AS00 delays of
CLOCK and ALE cancel out) = 22 ns

Minimum ALE high setup time to CLOCK high
(DP8422A-25 needs 15 ns):

40 ns (one clock period) — 22 ns (#2b, the 74AS00 U1
delays in the CLOCK and the ALE path will cancel out)
= 18 ns

Minimum address setup time to CLOCK high
(DP8422A-25 needs 18 ns):

40 ns (one clock period) — 19 ns (#1) = 21 ns

5a.

5b.

5c.

Maximum CS valid time from CLOCK high:

37 ns (maximum address valid from phase two of previ-
ous clock) + 14 ns (maximum prop delay of 74ALS139)
— 1 ns (minimum 74AS00 CLOCK delay) = 50 ns,
THIS IS EQUAL TO 10 NS FROM PHASE ONE OF
THE CURRENT “TS” INVERTED CLOCK (CLOCK).
Maximum time to active high gating signal to 74AS373
transparent latch from CLOCK:

7.5 ns (max delay of gate (D3) output of 74AS175 low
to high from CLOCK)

AS CAN BE SEEN CS SUCCEEDS THE ACTIVE HIGH
GATING SIGNAL, THEREFORE THE MAXIMUM TIME
TO CS VALID DETERMINES THE MAXIMUM TIME TO
A VALID CHIP SELECT.

Minimum CS setup time to CLOCK high (DP8422A-25
needs 13 ns):

40 ns (one clock period) — 10 ns (#5a) — 11.5 ns
(maximum enable time to valid output for 74AS373) =
185 ns

Determining tRAC (RAS access time needed by the
DRAM):

240 ns (TS + TC + TC) — 40 ns (one clock) — 4.5 ns
(74AS04 delay, CLOCK) — 8 ns (data setup time)
— 7.5 ns (74AS245) — 26 ns (CLK to RAS low on
DP8422A-25) = 154 ns

Therefore the tRAC of the DRAM must be 154 ns or
less.

Determining tCAC (CAS access time) and column ad-
dress access time needed by the DRAM:

240ns — 40 — 45 — 8ns — 7.5ns — 79 ns (CLK to
CAS low on DP8422A-25) = 101 ns

Therefore the tCAC of the DRAM must be 101 ns or
less.

Minimum setup time of D2 low (from DTACK2) to
CLOCK (74AS175 needs 3 ns):

40 ns (one clock) — 28 ns (DTACK2 low from CLK
high) — 4.5 ns (max delay of 74AS02) = 7.5 ns
Minimum SRDY setup time to clock where it is sampled
(15 ns is needed by the 80286):

40 ns (one clock period) — 10 ns (max delay high to
low of Q output of 74AS175) — 4.5 ns (max delay of
74AS00, CLOCK) = 25.5 ns
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Interfacing the
DP8420A/21A/22A to the
80286 above 25 MHz,
including No Wait States in
Burst Mode

1. INTRODUCTION

This application note describes how to interface the 80286
microprocessor to the DP8422A DRAM controller (also ap-
plicable to DP8420A/21A) at clock frequencies above
25 MHz. It is assumed that the reader is already familiar with
80286 and the DP8422A modes of operation.

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 DRAMSs.

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~ precharge) 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);

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.

National Semiconductor
Application Note 618
Webster (Rusty) Meier Jr.

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 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) 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 it is important that the 74AS00 NAND gates
(U1) be in the same package so the delays (CLK~, SO1)
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~ Y, is chosen.

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

R4=0 No WAIT states during burst
accesses.

R5=0

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 = Non-interleaved Mode.

R9 =

Co=X Select based upon the input

C1=X “DELCLK?” frequency. Example:

c2=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=0 This mode allows two RAS ~

C6=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.

C9 =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 vaiid, #26).
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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 ciocked 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.

AO 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~ enabile, 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 WRITTEN IN NATIONAL
SEMICONDUCTOR PLAN™ FORMAT (DESIGN # 1)

1. Up to 40 MHz (80286-20)

PAL16R6D

CLK~ PCLK 801 S0~ CS~ DT12~ A0 BHE~ NC3 GND

OE~ ECAS~1 WIN~ ENX~ SRDY~ ADS~ NOACC~
8420CLK~ ECAS~0 VCC

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

LREQ~

WIN~
ENX~

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

If (Vog) /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~ 1= /CS~*/ADS~

/WIN~ 1= /S0~ *S01

+/WIN~*NOACC~
+/WIN~*/PCLK
80286 PAGE MODE PAL EQUATIONS WRITTEN IN

NATIONAL SEMICONDUCTOR PLAN FORMAT

(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 (Vcc)/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
+/CS~*S01*WIN~ */BHE ~ *HSA~ *ADS ~ *PCLK
+/CS~*LREQ~ */BHE ~ */HSA~ *WIN~ *PCLK
+/CS~*/ADS ~ */SRDY ~ *NOACC ~ */BHE ~ *PCLK
+/ECAS~ 1*/ADS~ *NOACC~

/8420CLK~ := /PCLK

/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

819-NV

;READ WITH ADS~ LOW
;READ WITH ADS~ HIGH
;READ DELAYED ACCESS
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Interfacing 80286/8421A Using Page Mode Accessing (Design #2)

819-NV

PAL DP8421A
16R6D | B420CLK~ o o
L-u DECLK
Wi~
O—— win~
ADS~ (AREQ~) o Ao~
AREQ~ -
DTACK~ (DT12+) oTAGK O—>
shov~ fe - RrRo~ ) p| 2 BANKS
CHIP SELECT S N RFRQ~ e (up 1O
DECODER > RAS~0,1 » 4 BANKS)
TANS138 AQ, BHE~ | ECAS~O, 1 A12-A21 RAS~2,3 » OF 1M=BIT
S HSA~ RO-R9 " LOW BYTE DRAMS
A22(A23 | Mi/0~ Imm o~ __Eeas~0 (16 BITS
ADDRESS HIGH BYTE PER BANK)
8420CLK~ FROM PAL Al-A10 CAS~M,3
| EEN o] >
DATA HSA~ -L A
A11-A21 PAGE CLKEN 80
DETECTOR
74ALS6311 RCAS~0-3

: PAL ADS~ l

WIN~
o-—_—— DR
: PAL SRDY~

N
TRANSCEIVER

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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80286/DP8421A Page Mode Timing (Design #2)
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REFRESH WITH PENDING ACCESS

rc“ T

IN-PAGE
ACCESS

80286/DP8421A Page Mode Timing (Design #2)
DIFFERENT PAGE (OTHER BANK)

CLK

819-NV

TL/F/10442-5

[T\l
X Non-cs access X
A

CPU SO1
LREQ~
Wik~
HSA~
RFRQ~
DTACK~
(oT12%)
SRDY~
NOACC~
ECAS~0, 1
RAS~0, 1
RAS~2,3
CAS~0-3
DATA

8420CLK~
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AN-536

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.

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

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.

National Semiconductor
Application Note 536
Webster (Rusty) Meier Jr. and Joe Tate

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 TQ 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.

1l. DESCRIPTION OF DESIGN #2, 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 #2 (80386 not using address pipelined mode) con-
sists of the DP8422A DRAM controller, several flip-flops
(74AS175), and several logic gates. These parts interface to
the 80386 as shown in the block diagrams. This design ac-
commodates 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 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.

Design #2 has two wait states during successive accesses
to alternating memory banks. During accesses to the same
memory bank multiple wait states will be inserted to guaran-
tee 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.

1il. 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 — tp1, (pa-
rameter #50 “14 ns”) — clock (20 MHz) to AREQ high,
(approximately 5 ns for both design #1 and #2)).

In Design #2 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 #2 the
NOR gate that produces READY will not be needed in many
systems, the 3Q output of the 74AS175 could be used in-
stead (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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IV. 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 =0
R6 = X
R7 = X
R8 =0 Interleaved Mode (requires DRAMSs 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
Cl =X C0, 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.
C9 =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) =
25 ns

. 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 TS 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 trac (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.

. 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) = 73.5ns

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) =
135 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

9B. 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

V1. 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

~

o

22}

. 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

. Minimum ALE high setup time to CLKA high (DP8422A-

25 needs 15 ns):

50 ns (one clock period, 20 MHz) —32.5 ns (#2) =
17.5ns

. Minimum address setup time to CLKA high (DP8422A-25

needs 18 ns):
50 ns (one clock period, 20 MHz) —30 ns (#1) = 20 ns
Minimum CS setup time to CLKA high (DP8422A-25
needs 13 ns):

20 ns (#4) —6 ns (74AS139 two to four decoder) =
14 ns

. 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.

. 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

9B. 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
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VII. 80386 DESIGN # 1, PAL EQUATIONS WRITTEN IN NATIONAL SEMICONDUCTOR PLAN™ FORMAT

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
+B1lWE*CLKA*READ*RESET

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

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

NA :=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

ADS1D :=ADS*CLKA*CS
+ADSID*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)
PAL16R8D
CLK2 82384CLK ADS CS RASO RAS2 W NO_NA RESET GND

B1WE :=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

+RAS0*ADS1D*ADS3D*B1WE*CLKA*RESET
+RAS2*ADS1D*CLKA*RESET*NO_NA*W

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

+NA*CLKA*RESET Logic Needed for “NO_NA” Term in Design #1B

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

+READY*ADS3D*RASO*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/0730-12
+ADSID*NA*RESET
+ADS1D*CLKA*RESET
READ :=CS*W*ADS1D*CLKA*RESET
+READ*EDSID*RESET

+READ*CLKA*RESET
CLKA :=82384CLK
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Key: Reading PAL Equations Written in PLAN

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

9€G-NV

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

I CLOCK I

CLK2,
CLK _ ROWO=9
l ADDRESS, M/10 COLUMNO-9 =15
| [ — J B — 3
cLK2,
CLK CLKA  CLK, DLYCLK
A 4 —_
LIIN | DTACK (or RAS0,2) RASO-1
DS NEXT ADDRESS L eory
=" ReQUEST, READY BANKO WEO-3
-  READY, J
80386 / CLOCK GENERATOR, | A ALE )| opaazza B
— DPB422A CONTROL, | Aps3sp  AREQ _
BEO-3 , 4 |  AND READ/WRITE q RAS2-3 INTERLEAVED
7 CONTROL LOGIC - T
L oS3
o | BANKI WEO-3 |
WA ECAS0-3
—— 4 z= s
>
> =
— [=]
= g
ENABLEO-3 B!
DR
R
DATA BUSO=31
14
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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ALE
ADS >
I
80386 HIGH SPEED CLOCK | 19 BIWE
£0386 HALF SPEED CLOCK 2 18 _ADS3D L A0S o
80386 ADS OUTPUT > 0s 3 17_NA [N NA
DRAM CHIP SELECT [~ G 4 16__READY s 5 READY {>=
DP8422A DTACKO DTACK0 5 agﬁss 15 READ =
EXTERNAL NA's EXT_NA 6 14 CLKA
(FROM OTHER PERIPHERALS) = 7 T To Dpa422A
80386 WRITE . Gt _
OUTPUT Bt 8 12 BOWE L BE2
80386 ADDRESS BT > 5 T > >_-I —
FOR DP8422A BANK ‘ _
SELECT ] BEY
___ RESET o -
SYSTEM RESET r— 5
rmmmmn
ECASO, 1

BE(3:0)

ECAS2,3

TO DP8422A ALE INPUT

TO DP8422A AREQ INPUT
TO 80386
T0 80386

T0 ENABLE's
OF BYTE DATA
TRANSCEIVERS

TO DP8422A
ECASO, ECAS1

TO DP8422A
ECAS2, ECAS3

FIGURE 2. 80386/DP8422A Interface Control Logic for Design # 1A
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READY
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RAS 0,1
RAS 2,3
CAS 0,1
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NA
ECASO1
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W_B0 0
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DATA
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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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CLK2,
CLK - ROWO=9
I ADDRESS, M/i0 CoLUMNG=9 p—
[ L B — ]
CLK2,
S CLKA  CLK,DLYCLK
— 4 _
ADS [ 80386/0P8422A | RrRQ RAS0-1 .
W/R .| INTERFACE CONTROL | GRANTB TAS0~1 >
= LoGIC — MEMORY
80386 %0 < ReP DP8422A TWO 32 BIT
RAS2 READY, ALE ALE BANKS
_ CLOCK GENERATOR, > . TR EVED
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| READY T We N
| WA ECAS0=3
—e Vec #—b
N WRIE_EN -
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FIGURE 6. 80386 Design # 2, System Block Diagram for Non-Address Pipelined
Mode Operation at up to 50 MHz (DP8422A Uses One Half Speed Clock)
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FIGURE 7. 80386/DP8422 Interface Control Logic for Design #2
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FIGURE 8. 80386 Design #2 Non-Address Pipelined Timing
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FIGURE 9. 80386 Design #2 Non-Address Pipelined Timing
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FIGURE 10. 80386 Design #2 Non-Address Pipelined Timing

TL/F/9730-10

4-152




9€S-NV

22MHz
21MHz 21 21
80ns DRAMs 80ns DRAMs
20MHz 20 20
19MHz 100ns DRAMs 100ns DRAMs
18MHz 17.7 17.7 — Assume —
17MHz A. 200 ns DRAMs “tgac’” have 100 ns tcac
120ns DRAM: 120ns DRAM
82384 16MHz ns DRANs ns BRS ] B. 150 ns DRAMS “taac” have 75 ns toac
“CLK” 15MHz 15 15 C. 120 ns DRAMSs “taac” have 60 ns tcac
14MH D. 100 ns DRAMSs “tgac” have 50 ns
OUTPUT : 150ns DRAMs 150ms DRAMs | T e o torc
FREQUENCY 13MHz 3 ns s “trac” have 40 ns tcac
12MHz 12 12
11MHz
10MHz
9MHz 200ns DRAMs 200ns DRAMs
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DESIGN #1 DESIGN #2
ONE WAIT STATE TWO WAIT STATES
DURING SEQUENTIAL DURING SEQUENTIAL
ADDRESS PIPELINED NON-ADDRESS
ACCESSES PIPELINED ACCESSES

TL/F/9730-11
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. It is
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 386PALN1 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 DRAMSs). 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
u = User Define x = Don’t Care
Programming Bits
R9 =
R8
R7
R6
R5, R4
R3, R2
R1, RO
C9
C8,C7
C6,C5,C4
Cc3
C2,C1,Co
B1
BO
/ECASO

o

- -

Il
ChO0gE AX 2ac
cc

£
<

It
a4 a4 ac o

£

f=4

I

National Semiconductor
Application Note 619
Lawson H. C. Chang

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 (trasp = 100 us).
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 25 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 ns and tagc 0 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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FIGURE 1. Schematic Diagram of Interfacing the DP8422A to the 80386 for Design # 1
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FIGURE 2. Timing Diagram of Initial and Burst Access for Design # 1
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FIGURE 4. Timing Diagram of Burst and Non-Burst Access for Design # 1
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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 DRAMs, and under light load
when using n M x 4 or n K x 4 DRAMSs.

Times that begin with a “$” refer to DP8422A data shest
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 tp min. + PAL20R6E
tp min. — #6 Address Valid — Decoder t, max.
=80ns+4ns+6ns—21ns —9ns
= 40ns (@ 25 MH2)
/AREQ Negated to /ADS Asserted

2 tcp + PAL20R6E CLK tp min. + Skew of
CLK2 and CLK min. — #6 Address Valid

(@ 25 MH2)
$401:

$416:

— /HSA t; max.
=80ns +4ns +35ns —21ns — 14 ns
= 525ns (@ 25 MHz)

a. Address pipelined burst mode access with 0 wait state:
tcac = 2 tgp — PAL20R4E to k max. — PAL20R4E
tp max. — #21 (Data Setup) — Y5 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 —21ns — 6ns
= 60ns (DP8422A-25 Part)
toea = 2tcp — PAL20R6E CLK Out t, max. — #21
(Data Setup) — Transceiver t, max.
=80ns —7ns—11ns — 6ns
= 56 ns (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 k 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 — 6ns

= 93ns (DP8422A-25 Part)

tcac = 4 tcp — PAL20R6E tg k max. — PAL20R6E
tp max. — $403 (/ADS low to /CAS low) — #21
(Data Setup) — Skew of CLK2 and CLK t, max.
— Transceiver t, max.
=160ns — 7ns —8ns — 82ns — 7ns

—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 — 6ns

= 44ns (DP8422A-25 Part)
toea = 5tcp — PAL20R6E tg g max. — #21 (Data

Setup) — Skew CLK2 and CLK t, max. — Trans-

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

Ii. Timing Calculation for Design #2

$400b: /ADS Asserted Setup to CLK
tcp — PAL16R4D CLK tp max. — PAL20R4D tp
max.
=625ns —8ns —10ns = 445ns (@ 16 MHz)
=50ns —8ns —10ns = 32ns (@ 20 MHz)
=40ns —8ns — 10ns = 22ns (@ 25 MHz)

$401: /CS Setup to /ADS Asserted
3tcp + PAL20R4D CLK tp min. + PAL20R4D t,
min. — #6 Address Valid — Decoder tp max.
=1875ns + 65ns + 71 ns —36ns — 9 ns
= 155 ns (@ 16 MH2)
=150ns + 55ns + 71ns —30ns — 9ns
= 123.6 ns (@ 20 MHz2)
=120ns + 55ns + 71 ns — 21 ns — 9ns
= 102.6 ns (@ 25 MHz2)
$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 MH2)
=100ns + 4ns + 3.5ns — 30 ns — 10 ns
= 67.5ns (@ 20 MHz)
=80ns +4ns +35ns —21ns — 10ns
= 56.5 ns (@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 O wait state.
tcac =2tcp — PAL20RA4D t, 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)
=187.5ns —26ns — 36ns — 11 ns
= 1145ns (DP8422A-25 Part)
= 1875ns —29ns — 36 ns — 11 ns
= 111.5ns (DP8422A-20 Part)
toea = 2tcp — PAL16R4D CLK Out t; max. — #21
(Data Setup)

=125ns —8ns — 11 ns
= 106ns (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)
= 1875ns — 22ns — 11 ns
= 154 ns (DP8422A-25 Part)
=187.5ns — 27 ns — 11 ns
= 149.5 ns (DP8422A-20 Part)
tcac = 3 tcp — $308 (CLK High to /CAS Low) —
#21 (Data Setup) — 74F32 t, max.
=1875ns —72ns —11ns — 6 ns
= 98.5ns (DP8422A-25 Part)
=1875ns —81ns —11ns — 6ns
= 89.5ns (DP8422A-20 Part)
tAA = 3 tgp — $316 (CLK High to Column Address
Valid) — #21 (Data Setup)
=1875ns —66ns — 11 ns
= 110.5ns (DP8422A-25 Part)
= 1875ns — 78ns — 11 ns
= 98.5ns (DP8422A-20 Part)
toea = 4tcp — PAL16R4D CLK out t, max. — #21

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

trRac = 3 tcp — PAL20R4D CLK t 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 = 3tcp — PAL20R4D CLK t, max. — $403
(/ADS Low to /CAS Low) — #21 (Data
Setup) — 74F32 t, Max.
= 1875ns —8ns — 75ns — 11 ns — 6 ns
= 87.5ns (DP8422A-25 Part)
= 1875ns —8ns —86ns — 11ns — 6ns
= 76.5ns (DP8422A-20 Part)
tAA = 3 tcp — PAL20R4D CLK t max. — $417

(/ADS Low to Column Address Valid)
— #21 (Data Setup)
187.5ns —8ns — 69 ns — 11 ns

= 99.5ns (DP8422A-25 Part)
= 1875ns —8ns — 83ns — 11 ns
= 85.5ns (DP8422A-20 Part)

o N

(3]

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

(Data Setup)

187.5ns —8ns —11ns

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 tp max.

— T4F32 tp max. — #21 (Data Setup) —

Ve tcp.

100ns —10ns — 6ns — 11 ns — 25 ns

= 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 t, max —

#21 (Data Setup)

100 ns — 8ns — 11 ns

81ns  (DP8422A-20 and DP8422A-25 Part)
Address pipelined nonburst mode access with 2 wait
states.

Il

I

trac = 3 tcp — $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)
taAA = 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 t, max. — #21
(Data Setup)

200ns —8ns — 11 ns
181ns (DP8422A-20 and DP8422A-25 Part)
Initial access with 3 wait states.

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

= 50ns (DP8422A-25 Part)
= 150ns —8ns —86ns —11ns — 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)
25 MHz tcp = 40 ns with light load

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

— 74F32 t, max. — #21 (Data Setup) —

I

Ya 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 t, max. — #21
(Data Setup)
=80ns —8ns —11ns
= 65ns (DP8422A-25 Part)
. Address pipelined nonburst mode access with 2 wait

states.
trac = 3 tcp — $307 (CLK High to /RAS Low) —

#21 (Data Setup)
120ns — 22ns — 7 ns
91 ns (DP8422A-25 Part)
tcac = 3 tcp — $308 (CLK High to /CAS Low) —
#21 (Data Setup) — 74F32 t, max.
120ns —72ns —7ns — 6 ns
= 35ns (DP8422A-25 Part)
taA = 3 tcp — $316 (CLK High to Column Address
Valid) — #21 (Data Setup)
=120ns — 66 ns — 7 ns

I

= 47ns (DP8422A-25 Part)
toea = 4 tcp — PAL16R4D CLK Out t, max. — #21
(Data Setup)
=160ns —8ns — 7ns
= 145ns (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)
=160ns —8ns —25ns — 7ns
=120 ns (DP8422A-25 Part)

tcac = 4tcp — PAL20R4D CLK t, max. — $403
(/ADS Low to /CAS Low) — #21 (Data
Setup) — 74F32 t, max.

160ns —8ns — 75ns —7ns — 6 ns

64 ns (DP8422A-25 Part)
taA = 4tcp — PAL20R4D CLK tp max. — $417
(/ADS Low to Column Address Valid ) —
#21 (Data Setup)

160ns —8ns —69ns —7ns

= 76ns (DP8422A-25 Part)
toea = 4tcp — 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) — V% 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 t, max.

= 1875ns —35ns —36ns — 11 ns — 7ns
98.5ns (DP8422A-25 Part)
187.5ns — 38ns — 36ns — 11 ns — 7ns

= 955ns (DP8422A-20 Part)

toea = 2tcp — PAL16R4D CLK Out tp 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.

= 1875ns —26ns — 11ns — 7 ns
143.5ns (DP8422A-25 Part)
187.5ns —32ns — 11 ns — 7ns
137.5ns (DP8422A-20 Part)
tcac = 3 tcp — $308 (CLK High to /CAS Low) —
#21 (Data Setup) — 74F32 t, max. —
Transceiver t, max.
187.5ns —72ns —11ns —8ns — 7ns

[l

It

Il

= 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 — 11 ns — 7 ns
= 094.5ns (DP8422A-25 Part)
= 1875ns —87ns — 1tns — 7ns
= 82.5ns (DP8422A-20 Part)




I

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

= 224ns (DP8422A-20 and DP8422A-25 Part)
c. Initial Access with 3 Wait States.

toea

trac = 3 tcp — PAL20R4D CLK t, max. — $402

(/ADS Low to /RAS Low) — #21 (Data

Setup) — Transceiver t, max.
= 1875ns —8ns —29ns — 11ns — 7ns
= 1325ns (DP8422A-25 Part)
= 1875ns —8ns —35ns — 11ns — 7ns
= 126.5ns (DP8422A-20 Part)

tcac = 3 tcp — PAL20R4D CLK t, max. — $403

(/ADS Low to /CAS Low) — #21 (Data Setup)

— 74F32 tp max. — Transceiver tp max.
=1875ns —8ns —75ns —11ns — 8ns —

7ns
= 785ns (DP8422A-25 Part)
= 1875ns —8ns —86ns —11ns —8ns —

7ns
= 67.5ns (DP8422A-20 Part)
taA = 3 tcp — PAL20RAD CLK t; max. — $417

(/ADS Low to Column Address Valid) —

#21 (Data Setup) — Transceiver t max.
=1875ns —8ns —78ns —11ns — 7ns
= 83.5ns (DP8422A-25 Part)
=1875ns —8ns —92ns — 11ns — 7ns
= 69.5ns (DP8422A-20 Part)

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

(Data Setup) — Transceiver t, max.
187.5ns —8ns — 11ns — 7ns

161.5 ns (DP8422A-20 and DP8422A-25 Part)
2.20 MHz tgp = 50 ns with heavy load

a. Address pipeiined burst mode access with O wait state.

fcac = 2tcp — PAL20R4D tp max. — 74F32 t, max.
— #21 (Data Setup) — ', tcp — Transceiver
tp max.
=100ns —10ns —8ns — 11 ns — 25 ns —
7ns
=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 — 11 ns — 7ns
= 67ns (DP8422A-25 Part)
=150ns —38ns —30ns — 11 ns — 7ns
= 64ns (DP8422A-20 Part)
toeaA = 2tcp — PAL16R4D CLK Out t, 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 — 11ns — 7ns

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

tcac = 3tcp — $308 (CLK High to /CAS Low) —
#21 (Data Setup) — 74F32 t, max. —
Transceiver t, max.
=150ns —72ns — 11ns —8ns — 7ns
52 ns (DP8422A-25 Part)
150ns —81ns —11ns —8ns — 7ns

I

= 43ns (DP8422A-20 Part)
tAA = 3 tcp — $316 (CL High to Column Address
Valid) — #21 (Data Setup) — Transceiver
tp max.

=150ns —75ns —11ns —7ns
57 ns (DP8422A-25 Part)
150ns —87ns —11ns — 7ns
45 ns (DP8422A-20 Part)
toeA = 4tcp — PAL16R4D CLK Out t, max. —
#21 (Data Setup) — Transceiver t, max.

=200ns —8ns —11ns —7ns

= 174ns (DP8422A-20 and DP8422A-25 Part)
c. Initial access with 4 wait states.

trRac = 4 top — PAL20R4D CLK tp max. — $402
(/ADS Low to /RAS Low) — #21 (Data
Setup) — Transceiver tp max.
=200ns —8ns —29ns —11ns —7ns
= 145ns (DP8422A-25 Part)
=200ns —8ns —35ns —11ns —7ns
= 139 ns (DP8422A-20 Part)
tcac = 4 tcp — PAL20R4D CLK t, max. — $403
(/ADS Low to /CAS Low) — #21 (Data
Setup) — 74F32 t, max. —
Transceiver t, max.
=200ns —8ns —75ns —11ns — 8ns —
7 ns
= 91ns (DP8422A-25 Part)
=200ns —8ns —8ns —11ins —8ns —
7ns
= 80ns (DP8422A-20 Part)
tAA = 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 t, max.
200ns —8ns —11ns — 7ns
174 ns (DP8422A-20 and DP8422A-25 Part)
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PAL EQUATIONS

The Boolean entry operators are listed as:
“=" Equality

“:=" Replaced by (After Clock)

“*2  AND

“+” OR

“/”  Complement
“N”  Active Low
The brief explanation of PAL output signals
CAS(3:0)~
Address Strobes

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

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

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

BED(3:0)~ These combinational output signals are used to

toggle CAS of DRAM directly during burst and

nonburst access cycles.

ECAS~ (3:0) These sequential output signals are used to
hold CAS low during the burst access except
design #2 heavy load burst write access cycles.

ADS~ This combinational output signal is Address
Strobe to the DP8422A.

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

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

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

CSD~ This sequential output signal is Chip Select De-
Iayed by one clock.

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

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

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

WE~ This combinational output signal is Write Enable
to the DRAM.

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

RFSH~ This combinational output signal is complement
of LATCH~.

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

RFIPD1 ~ This sequential output signal is Refresh In Prog-
ress Delayed by one clock.

RFIPD2~ This sequential output signal is Refresh In Prog-
ress Delayed by two clocks.

RFIPD3~ This sequential output signal is Refresh in Prog-

ress Delayed by three clocks.

These combinational output signals are Column

MOE~

TEN~

CKD

READY ~

ADSHI~

This sequential output signal is Memory Output
Enable to control the data output of the DRAM.
This combinational output signal indicates that
six missed refreshes are reached.

This combinational output signal is normal CLK
delayed by PAL.

This sequential output signal
DTACK~ by one clock.
This sequential output signal indicates whether

the 80386 is accessing the DRAM or the
DP8422A is refreshing the DRAM.

is delayed

la. 386PALN1 (PAL20R4E) for Design #1
Inputs: CLK2, BE3~, BE2~, BE1~, BEO~, CAS~3,
CAS~2, CAS~1, CAS~0, MOE~, ASD~;

Outputs:
/CAS3~

/CAS2~

/CAS1~

/CASO~

/ASDD~
/WE~

= (/ASDD~ * /CAS~3) + (ASD~ *
/CAS~3) + (MOE~ * /CAS~3) +
(BE3~ * /CAS~3);

= (/ASDD~ * /CAS~2) + (ASD~ *
/CAS~2) + MOE~ * /CAS~2) +
(BE2~ * /CAS~2);

= (/ASDD~ * /CAS~1) + (ASD~ *
/CAS~1) + MOE~ * /CAS~1) +
(BE1~ * /CAS~1);

= (/ASDD~ * /CAS~0) + (ASD~ *
/CAS~0) + MOE~ * /CAS~0) +
(BEO~ * /CAS~0);

:= /ASD~;

= MOE~;.

Ib. 386PALN2 (PAL20RG6E) for Design # 1
Inputs: CLK, BE3~, BE2~, BE1~, BEO~,CS~, HSA~,

RFRQ
Outputs:
/ADS ~

/NA~

/ECAS~N

/CSD~
/ASD ~
/MOE~
/HSAD~

/READY ~ :

/ADSD~
Ila. 386PAL1

~, RFIP~, DTACK~, AS~, WR~;

= (/HSAD~ * RFRQ~ * /HHA~) +

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

RFRQ~ * /MOE~ * /ASD~
RFIP~);

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

:= /CS~;

= /AS~;

= /WR~;

= /HSA~ * /CSD~;

= /DTACK~;

;= /ADS~;

(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~2) + (/CKD * /ECAS~2);
/BED1~ = (READY~ * /ECAS~1) + (/ASD~ *

/ECAS~1) + (/CKD * /ECAS~1);
/BEDO~ = (READY ~ * /ECAS~0) + (/ASD~ *

/ECAS~0) + (/CKD * /ECAS~0);
/ECAS~3 := (/BE3~ * /CSD~ * READY~)

+ (/BE3~ * /CSD~ * /ADS~);
/ECAS~2 := (/BE2~ * /CSD~ * READY~)

+ (/BE2~ * /CSD~ * /ADS~);
/ECAS~1 := (/BE1~ * /CSD~ * READY~)

+ (/BE1~ * /CSD~ * /ADS~);
/ECAS~0 := (/BEO~ * /CSD~ * READY ~)

+ (/BEO~ * /CSD~ * /ADS~);
/ECASHI := (/ECAS~3 + /ECAS~2

+ /ECAS~1 + /ECAS~0;

IIb. 386PAL1 (PAL20R4D) for Design #2 Heavy 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)
+ (MOE~ * ECAS~3);

= (READY~ * /ECAS~2) + (ASD~*
/ECAS~2) + (/CKD * /ECAS~2)
+ (MOE~ * ECAS~2);

= (READY~ * /ECAS~1) + (ASD~ *
/ECAS~1) + (/CKD * /ECAS~1)
+ (MOE~ * ECAS~1);

= (READY~ * /ECAS~0) + (ASD~ *
/ECAS~0) + (/CKD * /ECAS~0)

+ (MOE~ * ECAS~0);

(/BE3~ * /CSD~ * READY~) +

(/BE3~ * /CSD~ * READY~ * /ASD~)
-+

(/BE3~
+

/BED2~
/BED1~
/BEDO~
/ECAS~3:=

* /CSD~ * READY~ * /WR~)
(/BE3~ * /CSD~ * /ADS~ * READY ~)
+

(/BE3~
(/BE3~
(/BE2~
(/BE2~
+

*/CSD~ * /ADS~) +
*/CSD~ * /ADS~ * /WR~);
* /CSD~ * READY~) +

* /CSD~ * READY~ * /ASD~)

/ECAS~2:=

(/BE2~ * /CSD~ * READY~ * /WR~)
+

(/BE2~ * /CSD~ * /ADS~ * READY ~)
+

(/BE2~
(/BE2~
(/BE1~
(/BE1~
~+

* /CSD~
* /CSD~
* /C8D~
* /CSD~

* /ADS~) +

* /ADS~ * /WR~);
* READY~) +

* READY ~ * /ASD~)

/ECAS~1:=

(/BE1~ * /CSD~ * READY~ * /WR~)
+
(/BE1~
-+
(/BE1~

(/BE1~

*/CSD~ * /ADS~ * READY ~)

* /CSD~
* /CSD~

* /ADS~) +
* /ADS~ * /WR~);

/ECAS~0:= (/BEO~ * /CSD~ * READY ~) +
(/BEO~ * /CSD~ * READY~ * /ASD~)

+
(/BEO~ * /CSD~ * READY~ * /WR~)
+
(/BEO~ * /CSD~ * /ADS~ * READY ~)
+

(/BEO~ * /CSD~ * /ADS~) +
(/BEO~ * /CSD~ * /ADS~ * /WR~);
/ECAS~3 + /ECAS~2 + /ECAS~1 +
/ECAS~0;

/ECASHI:=

lic. 386PAL2 (PAL20R4D) for Design # 2 Light and Heavy
Load

Inputs: CLK, CS~, HSA~, LATCH~, RFSH~, DTACK~,
AS ~, RFIPD3~, MOE ~, ECASHI;

Outputs:

/ADS ~ = (/CS~ * /AS~) + (/AREQT~ *
/LATCH~);

/AREQ~ = (/HSA~ * CSD~ * /AREQT~ * /CS~
*AS~) + (/HSA~ * CSD~ *
/AREQT ~ * /LATCH~) + (/RFSH~ *
/CS~ * AS~) + (/RFSH~ *
/LATCH~);

/NASEL~ = (/CS~ * /DTACK~ * /AS~) + (/NA-
SEL~ * CS~);

/NA~ = (NASEL~ * /HSA~ * /CSD~ *
/AREQT~) + (/NASEL~ * /ECASHI *
MOE~) + (/NASEL~ * /AREQD~ *
/MOE~ * RFSH~ * RFIPD3~);

/CSD~ :=/CS~;

/AREQT ~:= /HSA~ * /CSD~;
/AREQD~ ;= /AREQ~;

/ASD~ = /AS~;
lid. 386PAL3 (PAL16R4D) for Design # 2 Light and Heavy
Load
Inputs: CLK, CK, RCO~, ML~, RAS~ 3, RFRQ~, RFIP~,
TEN~, WR~;
Outputs:

/LATCH~ = /RCO + RFSH~;

/RFSHCK~ = /CK + (/LATCH~ * /RFRQ~) +
(/LATCH * /RAS~3);

/RFSH~ = /TEN~ + LATCH~;
/RFIPD1~ := /RFIP~;

/RFIPD2~ := /RFIPD1~;
/RFIPD3~ := /RFIPD2~;

/MOE ~ = /WR~;

lle. 386PAL4 (PAL16R4D) for Design #2 Light and Heavy
Load

Inputs: CLK2, DTACK~, CSD~, HSA~, RFSH~, CK, CNTO,
CNT1, CNT2, MOE ~;

Outputs:
/TEN~ = /CNTO * CNT1 * /CNT2;
/CKD = /CK;
/READY ~ := (/DTACK~ * CK) + (/READY~ * /CK);
/ADSHI~ := (/CSD~ * /HSA~ * RFSH~) +
/RFSH~;
/WE~ = /MOE~;
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FIGURE 6. Timing Diagram of Initlal 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 accesses
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 DRAMSs 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.

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
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
BANKS) 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.
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Il. 29000 Programming mode bits g
Programming 3
Blts Description
RO =1 RAS low four clocks, RAS precharge of three clocks
R1 =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
R =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
Cl1=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
C4=0 RAS and CAS groups selected by “B1”. This mode allows two
CcC5=0 RAS and four CAS outputs to go low during an access.
Cé6 =1
C7 =1 Column address setup time of 0 ns.
Cc8 =1 Row address hold time of 15 ns
C9 =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).
B1 =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)
111. 29000 25 MHz timing calculations for Design #1 and Therefore the tRAC of the DRAM must be 109 ns or less.
Design #2, wit_h four wait states per normal access and 7. Determining tCAC (CAS access time needed by the
one or two wait states per burst access DRAM) and tAA (column address access time):
1. Maximum time to address valid (with respect to 25 MHz 200ns — 40ns — 9ns — 6ns — 7 ns — 82 ns (CLK to
clock): CAS low) = 56 ns
14 ns (29000 data sheet #6) Therefore the tCAC and tAA (access time from the col-
2. Maximim time to ADS low (with respect to 25 MHz clock): umn address) of the DRAM must be 56 ns or less. COM-
9 ns (74AS374 clock to Q, tPHL) MON 100 ns DRAMS WILL MEET THIS tRAC, tAA, AND
3. Minimum ADS low setup time to CLK high (DP8422-25 tCAC PARAMETER.
needs 25 ns, #400b): 8. Minimum setup of DTACK1 to the 74AS374 ONLY, (need
40 ns (one clock period, 25 MHz) — 9 ns (#2) = 31 ns 2 ns): .
4. Minimum address setup time to ADS low (DP8422-25 gglns (:qi)clgcl:gir;od) ~ 28 ns (DPB422A-25 DTACK1
needs 14 ns, #404): i a.ly, - . .
40 ns (One clock period, 25 MHz) + 2 ns (minimum 8. iMm::;g': dIED:(hze;;gégn;tg).lRDY being sampled (12 ns
74AS374 clock to Q) — 14 ns (#1) = 28 ns 450" ( v ok oo 'd) " (maximum 74AS374
- ) . g ns (one clock period) — 9 ns (maximum
5. Minimum C_S' setup time to CLKA high (DP8422-25 needs clock to Q output delay) = 31 ns
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
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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

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

. 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.

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

IV. 29000 PAL equations, Design #1, 2 wait states dur-
ing burst accesses. Written in National Semiconductor
PLANT™ format

PAL16L8D

CLK T8 TREQ /BREQ DTACK2 AREQ TRDY IRDY3 RFRQD

GND RESET IBACK ECAS ECAS1 DOACC ENDACC TREQH

TRDY1 AREQH1 VCC

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

If (VCC) ECAS = AREQ*ECAS1*DOACC*RESET
+AREQ*DOACC*IRDY3*CLK*RESET
+AREQ*DOACC*IRDY1*RESET
+ECAS*ECAS1*CLK*RESET
+ECAS*CLK*RESET

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

If (vCC) DOACC = AREQ*RFRQD*BREQ*RESET
+CS*REQ*IREQH*AREQ*RESET
+DOACC*IRDY*RESET

It (veC) ENDACC = TREQ*IREQH
+RFRQD*IRDY
+RFRQD*AREQ*TREQH

10b.

11b.

+ENDACC*AREQ
+RESET

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

If (vCC) TRDY1 = DTACK2*AREQ*IRDY*IRDY3*IREQH
+ AREQ*IRDY*IRDY3*IREQH*CLK*DOACC
+IRDY1*IRDY*IRDY3*AREQ

If (VCC) AREQ1 = CS*IREQ*IRDY*ENDACC*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

GND RESET IBACK ECAS ECAS1 DOACC ENDACC IREQH
IRDY1 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
+TREQH*AREQ*RESET

If (VCC) TRDY1 = DTACK2*AREQ*IREQH
+AREQ*IRDY*IREQH*CLK*DOACC
+TRDY1*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*ADSTD
+ 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
What follows is a brief explanation of the PAL and 74AS374

outputs:
AREQ1

ENDACC

This combinational output of the PAL is sam-
pled at the next rising clock edge (74AS374) to
provide the ADS and AREQ outputs that drive
the DP8422A DRAM accesses. This output is
held low to allow burst accessing until either a
new access is requested by the 29000 (IREQ)
or a refresh is requested (RFRQ).

This combinational output of the PAL is sam-
pled at the next rising clock edge (74AS374) to
provide the IRDY output that terminates each
29000 access.

This combinational output of the PAL is used
internal to the PAL as an indication of IREQ
having transitioned high. It is useful in determin-
ing when the 29000 is terminating a burst ac-
cess to request an access to another page
(IREQH = IREQ = low).

This combinational output of the PAL is used
internal to the PAL as an indication of when to
terminate a burst, or single, access. It indicates
a new page access (IREQ), a refresh request
(RFRQ), or a hardware reset (RESET) opera-
tion. Accesses are only terminated after IRDY is
issued or during idle states when no accesses
are pending.

ECAS1

3

3
w)
<

3
O
>4
w

py
e
|
O
Ol

DTACK2

This combinational output of the PAL is used
internal to the PAL to keep track of requested
accesses, single (IREQ) or burst (IBREQ and
IBACK).

This combinational output of the PAL is used
internal to the PAL to allow the ECAS output to
have minimum delay following the CLK high and
low.

This combinational output of the PAL is used to
toggle the CAS outputs of the DP8422A during
burst accessing.

This combinational output of the PAL is used as
an input to the 29000 to indicate when the
DP8422A is available to support burst access-
ing. This output is pulled high during refresh re-
quests (RFRQ) and out of page accesses
(IREQH = IREQ = low).

See AREQ1 explanation.

See IRDY1 explanation.

This output (74AS374) is used as a state input
to the PAL. This term is IRDY delayed by one
clock period.

This clocked output is used to synchronize the
DP8422A RFRQ output.

This clocked output is generated from the
DP8422A DTACK1 output and is synchronized
to the next rising clock edge.

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
vve C0-10 = Address bits 2=10, 12, 13 ] DRAMS
ST otcoore
T0 PAl —
(10 PAL) & RASO, 1 2 R
> Q-t0 M »| 2 BANKS
R/W WiN RAS2,3 2 OF 32 BITS
> > OF DRAM
29000 DP8422A
CLK DELCLK, CLK
COLINC __DVE_’
> . R
— L DTACK Al
__(Se—> 59000 [ RFRQ
IREQ, IBREQ »| CONTROL <+ —
LOGIC ADS CASG0-3
| _BACK AREQ _ AREQ
| RDY ECAS0-3
) ECAS
RESET ~——p| T+ .
AREQ FROM | cso-3
PAL ECAS
R/W
4=74AS32
DIR G "
INSTRUCTION BUS 0=31 TRANCEIVERS DATA 0-31
74F245 N
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29000 Control Logic Block Diagram
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Design # 1 Timing
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RAS (3:2) \
CASG (3:0) / \ /\
DATA V] - - - N
je————————— READ ACCESS BANK 0 BURST READ ACCESS BANK 1 ——————————t«——— BURST READ ——— TL/F/10394-3
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Design # 1 Timing (Continued)
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Design #2 Timing
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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

B1 =Address bit 11 Assuming
RO~10 = Address bits 14-24 AM=bit
C0=10 = Address bits 2=10, 12, 13
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DRAMS

—
 Q0-10 11

B0 CASO-3

Yy V VY
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4D ‘

WE
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l [ lAmm:s.s BUS
DRAM €S < 74A5138
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&
R/W WIN |
29000 DPB422A
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— DTACK
B o= 29000 [ 7 |
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ec | l‘_"s_,
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iRDY E 3
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>
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i
|
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2-1
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R ———
INSTRUCTION BUS 0~31

h
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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
Z2280/Z80000/Z28000
Microprocessor

1 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.

11 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 DRAMSs. 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 DRAMSs the CAS outputs must be toggled,
the ECAS inputs the DP8422A can be used for this purpose
(DS of the Z280 could be “OR”ed with the current ECAS
inputs). If nibble mode DRAMSs are used the COLINC input
of the DP8422A need not be driven.

Address bit A0 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 7280 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 ECASO0-3 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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111 Z280 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 = 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 1t 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: 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

C4=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 = Column address setup time of O ns

c8 =1 Row address hold time of 15 ns

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

BO =10 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 voitage level

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

IV 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 ciock 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 trac 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) — 30 ns — 10 ns = 121 ns

Therefore the tcac 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 the 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.

— 74ALS138
Al6-23 DECODER
r A6 A7
A A 4 cs
Aoo-||5 R/C0-8,B1 J L
AS D ALE | RASO, 1 (BANK O
LK CLK, DELCLK | RAS2, 3 (BANK 1)
_ COLING MEMORY
[ AREQ W | 2EANks
N
2280 ___ﬂf’;ﬂ.__v
CASO - 1 (BYTED)
R W CAS2, 3(BYIEY)
WATT11/2 Ve o o-0E
WAIT a l" DTACK 1/2 Imsnrsn |RFSH I
%
WAIT's from other O U4 CLK
system peripherals * BYTEGECAS or
R/W BYTE T ECAS

DATA 0~15

Q
EN DIR
T4ALS245

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 Walit State in Normal Accesses, 1 Wait State in Burst Accesses
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N AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVE
sN___| . | I N
A e AV s AW e
mea [\ 3 J'_\ gj \ R J
3V s WS S )y s B B B
ks T\ L\l L
- —\ —\ P
s [\ M\ /i e W
25 I VN A W— 7
oF \ / \ T
RFIP \ REIFRESH [

TL/F/9740-2

FIGURE 2. 2280 Access Cycles and Refresh (1 Wait State during Normal Access Cycles)
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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, tgac, of the DRAM.
Using DP8422A-25 Timing Specifications)

25 MHz —— 2
24 MHz —
23 MHz —
22 MHz —]
21 MHz —
20 MHz —] 20
19 MHz ~——t
18 MHz =t
17 MHz —p
16 MHz ——t
15 MHz —
14MHz —
13 MHz —
12 MHz —
11 MHz —
10MHz —
9MHz —
8MHz

224

CLOCK FREQUENCY

2280/8000 2280/8000
280000 280000
1 WAIT STATE, 2 WAIT STATES,
4 CLOCKS 5 CLOCKS
PER ACCESS PER ACCESS

DRAM KEY:

80ns DRAM

E 120 ns DRAM
D 150 ns DRAM

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.

National Semiconductor
Application Note 642
Lawson Chang

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.

DESCRIPTION RO, R1 =y, u
This design consists of Port A of the DP8422A interfaced to R2, R3 = u,u
the primary bus of TMS320C30 DSP and Port B interfaced R4, R5, R6 = x, X, X
to the VME bus. The DP8422A is operated in access Mode o, _
1 and uses the interleaving capability on chip. A Port A ac-
cess cycle begins when the TMS320C30 places a valid ad- F8 =0
dress on the address bus and asserts the strobe (/STRB) R9 =u
signal, only if a refresh or Port B (VME bus) accessis notin  Co, C1,C2 = 0 1 0 (16 MHz)
progress. GRANTB of the DP8422A indicates which port is c3=0
currently granted to do an access. Port A is the default port _
upon power up. This design accommodates 4 banks of C% €5 08 = u,u,u(or0,1,1)
DRAM (256K x 4), 32 bits in each bank, giving maximum C7,C8 = u,u
memory capacity of 4M bytes. The schematic diagram is C9 = 1
shown in Figure 1 and simple timing diagrams are shownin g5 — o
Figures 2 and 3. B1 1
T e
CLKB L/ v
/g‘ 1 Addr. B. L
e 8 T T
/ENA /AS
TMS320C30 Ao~hap L —] W ACK
Agmhas
LTI . “; Y /“"o $ -:>
R CLKA
9 N\ DRAM
/sTRB . . 4 e
JReser i" 4 A bt "
0.47 | |_ ¥

o
1 port B Data Bus

[T é  s—— -y
v
® E i /o Q/w Data l-?/nu
. oA ;—-owuc 32
Al oND I
port A Deta Bus + 32 NG /N DR n
7 v N L4 N

As248 As248

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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FIGURE 2. Timing Diagram for Interleave Access between Bank 0 and Bank 1
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l<— BANK 0 ACCESS REFRESH®

PENDING BANK 0 ACCESS
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J
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|
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\ X/ PRECHARGE N
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\ ROW
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¥ /
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*During refresh all /RAS’s will go low and high at the same time if All /RAS Refresh Mode is selected.
FIGURE 3. Timing Diagram for Refresh after an Access
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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 NS32CG16 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 NS32CG 16 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

r—h CLK
e CTTL ] DELCLK
AT _ — WA
0 NS WAt
WR »| WIN
*address )= Q0-9
P] CS, ML =
decode RASO-3 .
NS32C616 CAS0=3
latched address bus RO-9 WE
A16-23 Co~-9
BO, B1
HBE NESE fragd
A0 ${ ECASO, 2 (up to
ADO-15 8 MB)
NS32CG821

*Standard components in any NS32CG16 design.

data bus

TL/F/10130-1
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DESIGN TIMING PARAMETERS

Clock Period

$300:

$301a:

$302:

$303 & $304:

$310:

~ Timing diagrams are supplied further on in this document.

= Tep10 = 100 ns @ 10 MHz
= Tcp15 = 66 ns @ 15 MHz

TS 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)

= Tep — #taHv — tBpal
=100ns — 40 ns — 15 ns
45 ns @ 10 MHz I
66ns — 30ns — 15 ns
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 — tolh — #tADSa
=100ns — 5ns — 35ns

|= 60 ns @ 10 MHz l

=66ns —5ns — 26 ns
I= 35 ns @ 15 MHz 1

ALE Pulse Width

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

= #tADSw

= 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 — taHv — bohl

=100ns —40ns — 6 ns

54 ns @ 10 MHz |

66ns —30ns — 6ns

30 ns @ 15 MHz |

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)
|
E—?O ns @ 10 MHz |
66 ns — (66 ns + 15 ns)

—15ns @ 15 MHzJ

R

I

[

I

]

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 — #TSOj

=100 ns —12 ns

]= 88 ns @ 10 MHz I
=66ns —10ns
|= 56 ns @ 15 MHz I

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)

= 2Tep — (#Tany + tgpal + $311)

= 200 ns — (40 ns + 15 ns + 26 ns)

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

Hold, after T3re

#tCWh, 5 ns Min @ 10 MHz
& 15 MHz for NS32CG16

= T3re to WAIT Negated

= $17 Min

T
[]

o

CWAIT:

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

2

Setup for Termination of Access
#1CWs, 20 ns Min

@ 10 MHz & 15 MHz

for NS32CG 16

= T3 — CLK to WAIT Negated
= Tep — $17 Max

= 100 ns — 39 ns

= 61ns @ 10 MHz |NS32CG821-20 Part

=66ns — 39 ns

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.
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Zero Wait States Analysis for a 10 MHz NS32CG 16

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

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

= 143 ns @ 10 MHz | NS32CG821-20 Part

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

= 2T¢gp — $316act — tpp — #1ipis
=200ns —87ns —7ns — 18 ns

= 88 ns @ 10 MHz |NS32CG821-20 Part

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

= 2Tcp — $308act — tont — #tpis
=200ns —89ns —7ns — 18 ns

tcac

= 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
= 8T¢p — $307 — ton — #1ipis
=300ns —32ns —7ns — 18 ns

= 243 ns @ 10 MHz | NS32CG821-20 Part

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

= 8Tgp — $316act — toy — #ipis
=300ns —87ns —7ns — 18ns

= 188 ns @ 10 MHz | NS32CG821-20 Part

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

= 8T¢p — $308act — tpn — #ipis
=300ns —89ns —7ns — 18 ns

= 186 ns @ 10 MHz | NS32CG821-20 Part

RAS Precharge Parameter (for both zero and one wait
state)

tpp 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)]
= 2Tcp — #t1s0ia + $53
=200ns —12ns + 4 ns

tcac

= 192 ns @ 10 MHz | for NS32CG16

RAS Low During Refresh (for both zero and one wait state)

tRas = Programmed Clocks — [(CLK High to
Refresh RAS asserted) — (CLK High to
Refresh RAS negated)]

= 2T¢p — $55
=200ns — 5ns

= 195 ns @ 10 MHz | for NS32CG16

DRAM SPECIFIC TIMING WHEN USING THE NS32CG 16

@ 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 tgay 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) — 11 ns + 15 ns (+2 ns for light load
only)
= 30*[(8 *2MHz/15MHz) — 1]lns + 15ns
= 17 ns @ 15 MHz
Normal-Heavy Loads
= 30*[(7*2MHz/15MHz) — 1]lns + 15ns
+2ns
= 15 ns @ 15 MHz
Light Loads
tAsCact = 15 * [DELCLK Divisor * 2 MHz/DELCLK

Freqlns — 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/15MHzl ns — 15ns + 2
ns

= 1ns @ 15 MHz
Light Loads

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

$308act CLK High to CAS = Data Sheet Spec +
(Actual tgaq — Spec tranH) + (Actual tasc —
Spec tasc)
=79ns + (17ns — 15ns) + (1 ns — O ns)
= 82 ns @ 15 MHz
Heavy Load

=89ns+ (17ns — 15ns) + (1 ns — 0 ns)

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

NS32CG821-25 Part

=72ns + (15ns — 17 ns) + (1 ns — 2 ns)

= 69 ns @ 15 MHz |NS32CG821-25 Part
Light Load

=81ns+ (15ns — 17 ns) + (1 ns — 2 ns)

= 78 ns @ 15 MHz
Light Load

NS32CG821-20 Part
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$316act CLK High to Column Address Valid

= Data sheet Spec + (Actual traq —
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 ns)

= 64 ns @ 15 MHz
Light Load

=78ns + (15ns — 17 ns)

= 76 ns @ 15 MHz |NS32CG821-20 Part
Light Load

NS32CG821-25 Part

ZERO WAIT STATES ANALYSIS FOR A 15 MHz
NS32CG16

NS32CG821-20 Part

NS32CG821-20 Part

tRaC = T2 + T3 — CLK to RAS — Transceiver
Delay — Data Setup
= 2Tgp — $307 — tph — #ipis
=133ns —26ns —7ns — 15 ns
= 85 ns NS32CG821-25 Part
Normal-Heavy Load
=133ns —22ns —7ns — 15ns
= 89 ns NS32CG821-25 Part
Light Load
tAA = T2 + T3 — CLK to Column Address Valid
- Transceiver Delay — Data Setup
= 2T¢p — $316act — tpn — #tpys
=133ns —77ns —7ns — 15ns
= 34 ns NS$32CG821-25 Part
Normal-Heavy Load
=133ns —64ns — 7ns — 15ns
= 47 ns NS32CG821-25 Part
Light Load
tcac = T2 + T3 — CLK to CAS — Transceiver

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

= 29 ns
Normal-Heavy Load

=133ns —69ns —7ns — 15 ns
NS32CG821-25 Part

= 42 ns }
Light Load

NS32CG821-25 Part

ONE WAIT STATE ANALYSIS FOR A 15 MHz NS32CG 16

traC =T2+ Ty + T3 — CLKto RAS —
Transceiver Delay — Delay Setup
= 8Tcp — $307 — tpn — #ipis
=200ns —26ns —7ns — 15 ns
= 152 ns NS32CG821-25 Part
Normal~Heavy Load
=200ns —22ns —7ns — 15 ns
= 156 ns NS32CG821-25 Part
Light Load
taA = T2 + Ty + T3 — CLK to Column Address
Valid — Transceiver Delay — Data Setup
= 3Tcp — $316act — tpp — #ipis
=200ns —77ns —7ns — 15 ns
= 101 ns NS32CG821-25 Part
Normal-Heavy Load
=200ns —64ns —7ns —15ns
= 114 ns, NS32CG821-25 Part
Light Load
tcac = T2+ Ty + T3 — CLK to CAS —

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

=200ns —82ns —7ns — 15 ns

= 96 ns
Normal-Heavy Load

=200ns —69ns —7ns — 15ns

= 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)]

= 2Tcep — trS0ia + $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)]

2T°p - $55
133 ns — 6 ns

I

= {127 iis @ 15 WiHz

for NS32CG16

NS32CG821-25 Part




Programming Bits*

9/6-NV

Bit Value Description

R1, RO 1,0 TRE 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

RS5, 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 e Time between Refreshes
C6, C5, C4 User Defined Depends on User's DRAM Configurations
Cc7 1 Choose tasc = 0 ns
c8 1 Choose traq = 15 ns
Cc9 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

READ CYCLE WRITE CYCLE
CPU STATES Ll n” s i T 72 3
€616 NS3206821

T4

|

ALE

_/
[\
ADDRESS X

VALID VALID

ku;g

s \ / \

o / \

Q0-8,9,10 ROW COLUMN
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=
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COLUMN

WE
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WA
(connect to CWATT)
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(DRAM)

READ DATA

WRITE DATA
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o
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TL/F/10130-2
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NS32CG16-NS32CG821 DRAM Timing with One Wait State

9.9-NV

READ CYCLE WRITE CYCLE
CPU STATES " ) ™ it in n n ™ ] T
616 NS32c0821
m T S S I O
m \_/ \_/
AE
[ 7 \ / \
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70 \ \ I~
w 7 \
s \ / \ /|
s / / B
0-8,9,10 X[ rw X COLUMN X] rw X COLUMN
« \
- { {
(connect to CWATT) / /

TL/F/10130-3

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

T

or

i1 T T T ™ ™ ™ ™ T T, 1

Q-9 REFRESH ROW VALID ROW wwco | X7
INTERNAL
REFRESH IN
PROGRESS
(NOT A PIN BUT \ /

INCLUDED FOR DIAGRAM

s, \ o wswow / orereckareE \ /

ALE

}
4

< K A

WATT 1

gl

T

TL/F/10130-4
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20 Lead Ceramic Dual-In-Line Package (J)
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24 Lead Skinny Dual-In-Line Package (0.300” Centers Molded) (N)

NS Package Number N24C

0.092

(2.337)
(2PLS)

PIN NO. 1

IDENT

1.243-1.270

(31.57—32.26)
MAX

0.260+0.005
(6.604£0.127)

/wmmwsmmsmw nj 1z
OPTION 2
0.062 EJECTOR PINS
0.300-0.320 (1.575) OPTIONAL
{762-8.128) RAD
“ 0.130£0.005
e {3.302£0.127) l
4 1~ ?ﬂ 0.145—0.200
r (0.508) 3 683 —5.080)
0.009-0.015 f —F— * T
(0.229-0.381) 0065 |
(.651) [ 0.125-0.145
0.018:0.003 {3.175-2.556)
+0.040 +
0.325_0.015 ‘ MIN :—g%%gg—;f)——q L —l (0.457 £0. 075)’.“7 MIN
(a.zss“;'g;f) ' l 0.100£0.010 90° £4° TYP
- (2.5420.254)
P
N24C (REV F)

48 Lead Molded Dual-In-Line Package (N)

NS Package Number N48A

2.393-2.440

47]_[a6] 45] 14:

(60.7861.98)

055010005 0062 |
{asTx0azn) {1574
RAD
PIN NO. 1
IDENT 1
O T2l B3 (& 5] (6 (7 (8] (8] 0o C] Gl (@] D4 (9] 06 [7] 8] Q9] [ (21 12g (23] (29
0,030
0.600-0.620 u:ﬁﬂz) 0.125-0.165 0.145-0.200
(15.24—16.74) ‘ (3.475-4.191) {3.683—5.080)
2415, |
L1l 7
86°94°
95° 15 0020 ™
. (nsu) 0.050:£0.015 0.100:+:0.010 0.018:+0.003 0.050 __i L
“"3’ o - =038 L—QZSH:M&G) ——IL_(om:um) ) P
0.009-0.015 0.125-0.145
oza—038) | T {3.175-3.683)
40025 wn eV o)
0% Zo015
s “f“,m)

suoisuawi( jeaisAyd




Physical Dimensions

68 Lead Plastic Chip Carrier (V)

NS Package Number V68A
0.020
] 0.050=0.800 | (0.508)
1.270=20.32) MIN | 0:045
0.050 16 SPACES AT 0.104—0.118 {1.183)
(1'-‘2:0) (2.642~2.997) v
" Y
T—w- 10 )
i 0.045
T 1143)
0.013-0.018 0.050
ast0-050 | " [r=ac)
0.826 0.050=0.800 211-23.62)
{20.98) {1.270=20.32) ‘SQUARE
NOM 16 SPACES AT CONTACT J= {25.02-25.27)
DIMENSION j\:lr-:‘ SQUARE
Y 15¢ ) —
(1.270) + [
- RE
G =
g um 0.032
-L«. PEDESTAL =1 (om oa1a)
43 27 0.032-0.040
0.826 , l {0.813-1.016)
(2"06?‘0) o1 0.165-0.180
0.005-0.015 @.191-4572)
CRFEE T
VEBA (REV G)
84 Lead Plastic Chip Carrier (V)
NS Package Number V84A
1.180::0,008 0,080
(30.23+0.127) (1.524)
80 MIN
!]ﬂ—! 118
(2!42 2.997)
2020
0.508)
MIN
D, .
- 0.028-0.032
;H‘% (ogan Z0.613)
0.088
1 l"(w‘o)
83 q
b 1A0:3000 ]
P e B :
3 CONTACT q
DIMENSION muo.uﬁ_.l L_
ez
NOM
,042 -0, 0.042-0.048
(‘:.MT-“’.:::) }n—r (1.087-1.219)
0.165-0.1
"
i A @01-4572) _{
T | r F L ;
- 030 0.045 ~0.180 0.042-0.048
(‘1'::‘;;—2'.:3) (un.m—‘:.‘::a) "‘—(:::-A;m h O i
REF RAD VIEW A-A
20 SPAGES AT e
0.047-0.053 0.005 -0.015
(1,193 -1.346) (0.127-0.381)
. S0 t T VBAA (REV C)

6-6




NOTES




National
Semiconductor

Bookshelf of Technical Support Information

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 16300
2900 Semiconductor Drive

P.O. Box 58090

Santa Clara, CA 95052-8090

ALS/AS LOGIC DATABOOK—1987

Introduction to Bipolar Logic ® Advanced Low Power Schottky ® Advanced Schottky

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS—1987

SSI/MSI Functions ® Peripheral Functions ® LSI/VLSI Functions ® Design Guidelines ® Packaging

CMOS LOGIC DATABOOK—1988

CMOS AC Switching Test Circuits and Timing Waveforms ¢ CMOS Application Notes ® MM54HC/MM74HC
MM54HCT/MM74HCT e CD4XXX ¢ MM54CXXX/MM74CXXX @ Surface Mount

DATA ACQUISITION LINEAR DEVICES—1989

Active Filters ® Analog Switches/Multiplexers ¢ Analog-to-Digital Converters ¢ Digital-to-Analog Converters
Sample and Hold ® Temperature Sensors ® Voltage Regulators ® Surface Mount

DATA COMMUNICATION/LAN/UART DATABOOK—1989

LAN IEEE 802.3  High Speed Serial/IBM Data Communications ® ISDN Components ® UARTs
Modems ® Transmission Line Drivers/Receivers

DISCRETE SEMICONDUCTOR PRODUCTS DATABOOK—1989

Selection Guide and Cross Reference Guides ¢ Diodes ® Bipolar NPN Transistors
Bipolar PNP Transistors ® JFET Transistors ® Surface Mount Products ® Pro-Electron Series
Consumer Series ® Power Components e Transistor Datasheets ® Process Characteristics

DRAM MANAGEMENT HANDBOOK—1989

Dynamic Memory Control  Error Detection and Correction ® Microprocessor Applications for the
DP8408A/09A/17/18/19/28/29 ® Microprocessor Applications for the DP8420A/21A/22A
Microprocessor Applications for the NS32CG821

EMBEDDED SYSTEM PROCESSOR DATABOOK—1989

Embedded System Processor Overview ® Central Processing Units ® Slave Processors ® Peripherals
Development Systems and Software Tools

F100K DATABOOK—1989

Family Overview ® F100K Datasheets ® 11C Datasheets ® 10K and 100K Memory Datashests
Design Guide ® Circuit Basics ® Logic Design ® Transmission Line Concepts ® System Considerations
Power Distribution and Thermal Considerations ® Testing Techniques ® Quality Assurance and Reliability




FACT™ ADVANCED CMOS LOGIC DATABOOK—1989

Description and Family Characteristics ® Ratings, Specifications and Waveforms
Design Considerations ® 54AC/74ACXXX ® 54ACT/74ACTXXX

FAST® ADVANCED SCHOTTKY TTL LOGIC DATABOOK—Rev. 1—1988

Circuit Characteristics ® Ratings, Specifications and Waveforms ® Design Considerations ® 54F/74FXXX

FAST® APPLICATIONS HANDBOOK—REPRINT

Reprint of 1987 Fairchild FAST Applications Handbook

Contains application information on the FAST family: Introduction ® Multiplexers ® Decoders ® Encoders
Operators ® FIFOs @ Counters ® TTL Small Scale Integration ® Line Driving and System Design

FAST Characteristics and Testing ® Packaging Characteristics ® Index

GENERAL PURPOSE LINEAR DEVICES DATABOOK—1989

Continuous Voltage Regulators ® Switching Voltage Regulators ® Operational Amplifiers ® Buffers ® Voltage Comparators
Instrumentation Amplifiers ® Surface Mount

GRAPHICS HANDBOOK—1989

Advanced Graphics Chipset ® DP8500 Development Tools ® Application Notes

INTERFACE DATABOOK—1988

Transmission Line Drivers/Receivers ® Bus Transceivers ® Peripheral Power Drivers ® Display Drivers
Memory Support ® Microprocessor Support ® Level Translators and Buffers ® Frequency Synthesis @ Hi-Rel Interface

LINEAR APPLICATIONS HANDBOOK—1986

The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit
applications using both monolithic and hybrid circuits from National Semiconductor.

Individual application notes are normally written to explain the operation and use of one particular device or to detail various
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index.

LS/S/TTL DATABOOK—1989

Contains former Fairchild Products
Introduction to Bipolar Logic ® Low Power Schottky ® Schottky ® TTL ¢ TTL—Low Power

MASS STORAGE HANDBOOK—1989

Rigid Disk Pulse Detectors ¢ Rigid Disk Data Separators/Synchronizers and ENDECs
Rigid Disk Data Controller ¢ SCSI Bus Interface Circuits ® Floppy Disk Controllers ® Disk Drive Interface Circuits
Rigid Disk Preamplifiers and Servo Control Circuits ® Rigid Disk Microcontroller Circuits ® Disk Interface Design Guide

MEMORY DATABOOK—1988

PROMSs, EPROMs, EEPROMSs ¢ Flash EPROMs and EEPROMs e TTL |/O SRAMs
ECL 1/0 SRAMs ¢ ECL 1/0 Memory Modules

MICROCONTROLLER DATABOOK—1989

COP400 Family ¢ COP800 Family ¢ COPS Applications ¢ HPC Family ¢ HPC Applications
MICROWIRE and MICROWIRE/PLUS Peripherals ® Microcontroller Development Tools

MICROPROCESSOR DATABOOK—1989

Series 32000 Overview ® Central Processing Units ® Slave Processors ® Peripherals
Development Systems and Software Tools ® Application Notes ® NSC800 Family

PROGRAMMABLE LOGIC DATABOOK & DESIGN MANUAL—1989

Product Line Overview ¢ Datasheets ¢ Designing with PLDs ¢ PLD Design Methodology ® PLD Design Development Tools
Fabrication of Programmable Logic ® Application Examples




REAL TIME CLOCK HANDBOOK—1989

Real Time Clocks and Timer Clock Peripherals ¢ Application Notes

RELIABILITY HANDBOOK—1986

Reliability and the Die ® Internal Construction  Finished Package ® MIL-STD-883 ¢ MIL-M-38510

The Specification Development Process ® Reliability and the Hybrid Device ¢ VLSI/VHSIC Devices
Radiation Environment e Electrostatic Discharge ® Discrete Device ® Standardization

Quality Assurance and Reliability Engineering ® Reliability and Documentation ¢ Commercial Grade Device
European Reliability Programs e Reliability and the Cost of Semiconductor Ownership

Reliability Testing at National Semiconductor ® The Total Military/Aerospace Standardization Program
883B/RETS™ Products ® MILS/RETS™ Products ® 883/RETS™ Hybrids ® MIL-M-38510 Class B Products
Radiation Hardened Technology ® Wafer Fabrication ® Semiconductor Assembly and Packaging
Semiconductor Packages ® Glossary of Terms ¢ Key Government Agencies ¢ AN/ Numbers and Acronyms
Bibliography ® MIL-M-38510 and DESC Drawing Cross Listing

SPECIAL PURPOSE LINEAR DEVICES DATABOOK—1989

Audio Circuits ® Radio Circuits  Video Circuits ® Motion Control Circuits ® Special Function Circuits
Surface Mount

TELECOMMUNICATIONS—1987

Line Card Components ¢ Integrated Services Digital Network Components ® Modems
Analog Telephone Components ® Application Notes




National

Semiconductor

National Semiconductor Corporation

2900 Semiconductor Drive
P.O. Box 58090

Santa Clara, CA 95052-8090

Tel: (408) 721-5000
TWX: (910) 339-9240

SALES 0FF|CES (Continued)

INTERNATIONAL
OFFICES

Electronica NSC de Mexico SA
Juventino Rosas No. 118-2

Col Guadalupe Inn

Mexico, 01020 D.F. Mexico

Tel: 52-5-524-9402

National Semicondutores

Do Brasil Ltda.

Av. Brig. Faria Lima, 1383

6.0 Andor-Conj. 62

01451 Sao Paulo, SP, Brasil

Tel: (55/11) 212-5066

Fax: (55/11) 211-1181 NSBR BR
National Semiconductor GmbH
Industriestrasse 10

D-8080 Furstenfeldbruck

West Germany

Tel: (0-81-41) 103-0

Telex: 527-649

Fax: (08141) 103554

National Semiconductor (UK) Ltd.

The Maple, Kembrey Park
Swindon, Wiltshire SN2 6UT
United Kingdom

Tel: (07-93) 61-41-41

Telex: 444-674

Fax: (07-93) 69-75-22
National Semiconductor Benelux
Vorstlaan 100

B-1170 Brussels

Belgium

Tel: (02) 6-61-06-80

Telex: 61007

Fax: (02) 6-60-23-95

National Semiconductor (UK) Ltd.

Ringager 4A, 3
DK-2605 Brondby
Denmark

Tel: (02) 43-32-11
Telex: 15-179
Fax: (02) 43-31-11

1989 National Semiconductor

National Semiconductor S.A.
Centre d'Affaires-La Boursidiere
Batiment Champagne, B.P. 90
Route Nationale 186

F-92357 Le Plessis Robinson
France

Tel: (1) 40-94-88-88

Telex: 631065

Fax: (1) 40-94-88-11

National Semiconductor (UK) Ltd.

Unit 2A

Clonskeagh Square
Clonskeagh Road
Dublin 14

Tel: (01) 69-55-89

Telex: 91047

Fax: (01) 69-55-89
National Semiconductor S.p.A.
Strada 7. Palazzo R/3
1-20089 Rozzano
Milanofiori

Italy

Tel: (02) 8242046/7/8/9
Twx: 352647

Fax: (02) 8254758

National Semiconductor S.p.A.
Via del Cararaggio, 107

00147 Rome

Italy

Tel: (06) 5-13-48-80

Fax: (06) 5-13-79-47

National Semiconductor (UK) Ltd.

P.O. Box 29

N-1321 Stabekk
Norway

Tel: (2) 12-53-70

Fax: (2) 12-53-75
National Semiconductor AB
Box 1009
Grosshandlarvagen 7
$-12123 Johanneshov
Sweden

Tel: (08) 7228050

Fax: (08) 7229095

TL2675

National Semiconductor GmbH
Calle Agustin de Foxa, 27 (9°D)
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Fax: (0) 33-81-30
National Semiconductor
Postbus 90

1380 AB Weesp

The Netherlands

Tel: (0-29-40) 3-04-48
Telex: 10-956

Fax: (0-29-40) 3-04-30
National Semiconductor Japan
Ltd.

Sanseido Bldg. 5F

4-15 Nishi Shinjuku
Shinjuku-ku

Tokyo 160 Japan
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1st Floor, 441 St. Kilda Rd.
Melbourne, 3004
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Tel: (03) 267-5000

Fax: 61-3-2677458
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200 Cantonment Road 13-01
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Tel: 2252226
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Taiwan Branch

P.O. Box 68-332 Taipei
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