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80286, DESIGN # 1, ACCESS MODE 0, 
16 MHz TIMING (80286-8) WITH NO 
WAIT STATES DURING SEQUENTIAL ACCESSES 

1. Maximum time to address valid: 

MRDC, MWTC make 74AS373 fall-thru at 25 ns (max) 
from CLOCK low + 5.5 ns (74AS08) + 11.5 ns 
(74AS373 enable time) = 42 ns 

2a. Maximum time to ALE high from CLOCK: 

40 ns (max status valid) + 4.5 ns (74ASOO) = 44.5 ns 

2b. Maximum time to ALE high from CLOCK (DP8422A 
ClK): 

40 ns (max status valid) + 0 ns (74ASOO delays of 
CLOCK and ALE cancel out) = 40 ns 

3. Minimum ALE high setup time to CLOCK high 
(DP8422A-20 needs 16 ns): 

62.5 ns (one clock period) - 40 ns (#2b, the 74ASOO 
U1 delays in the CLOCK and the ALE path will cancel 
out) = 22.5 ns 

4. Minimum address setup time to CLOCK high 
(DP8422A-20 needs 20 ns): 

62.5 ns (one clock period) + 1 ns (min 74ASOO delay, 
CLOCK) - 42 ns (#1) = 21.5 ns 

5a. Maximum CS valid time from CLOCK high: 

60 ns (maximum address valid from phase two of previ­
ous clock) + 22 ns (maximum prop delay of 74AlS138) 
- 1 ns (minimum 74ASOO CLOCK delay) = 81 ns, 

THIS IS EQUAL TO 18.5 NS FROM PHASE ONE OF 
THE CURRENT "TS" INVERTED CLOCK (CLOCK, 
81 ns - 62.5 ns = 18.5 ns). 

5b. Maximum time to active high gating Signal to 74AS373 
transparent latch from CLOCK: 

25 ns (MRDC, MWRC maximum delay to inactive) + 
5.5 ns (maximum 74AS08 delay) - 1 ns (minimum 
74ASOO CLOCK delay) = 29.5 ns, 

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

5c. Minimum CS setup time to CLOCK high (DP8422A-20 
needs 14 ns): 

62.5 ns (one clock period) - 29.5 ns (#5b) - 11.5 ns 
(maximum enable time to valid output for 74AS373) = 

21.5 ns 

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

250 ns (TS + TC) - 62.5 ns (one clock) - 4.5 ns 
(74AS04 delay) - 10 ns (data setup time) - 7.5 ns 
(74AS245) - 32 ns (ClK to RAS low on DP8422A-25) 
= 133.5 ns 

Therefore the tRAC of the DRAM must be 133.5 ns or 
less. 

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

250 ns - 62.5 - 4.5 - 10 ns - 7.5 ns - 89 ns (ClK 
to CAS low on DP8422A-25) = 76.5 ns 

Therefore the tCAC of the DRAM must be 76.5 ns or 
less. 
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8. Maximum time to DTACK1 low: 

62.5 ns (One clock) + 4.5 ns (max 74AS04 CLOCK 
delay) + 41 ns (DT ACKO low from ClK high) = 108 ns 

9. Minimum DTACK1 setup time to SRDY being sampled 
(15 ns is needed by the 80286): 

125 ns (two clock periods) - 108 ns (#8) = 17 ns 

*****IF FASTER SPEEDS ARE DESIRED THE USER CAN 
USE THE DP8422A-25. 

80286, DESIGN # 2, ACCESS MODE 0, 
20 MHz TIMING (80286-10) WITH ZERO 
WAIT STATES DURING SEQUENTIAL ACCESSES 

1. Maximum time to address valid: 

The "G" input makes the 74AS373 fall-thru at 8 ns 
(max) from CLOCK high (8 ns max delay of 74AS374 
low to high) + 11.5 ns (74AS373 enable time) 
19.5 ns 

2a. Maximum time to ALE high from CLOCK: 

28 ns (max status valid) + 4.5 ns (74ASOO) = 32.5 ns 

2b. Maximum time to ALE high from CLOCK (DP8422A 
ClK): 

28 ns (max status valid) + 0 ns (74ASOO delays of 
CLOCK and ALE cancel out) = 28 ns 

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

50 ns (one clock period) - 28 ns (#2b, the 74ASOO U1 
delays in the CLOCK and the ALE path will cancel out) 
= 22 ns 

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

50 ns (one clock period) - 19.5 ns (#1) = 30.5 ns 

5a. Maximum CS valid time from CLOCK high: 

47 ns (maximum address valid from phase two of previ­
ous clock) + 22 ns (maximum prop delay of 74AlS138) 
- 1 ns (minimum 74ASOO CLOCK delay) = 68 ns, 

THIS IS EQUAL TO 18 NS FROM PHASE ONE OF 
THE CURRENT "TS" INVERTED CLOCK (CLOCK). 

5b. Maximum time to AREQ (active high gating signal to 
74AS373 transparent latch from CLOCK: 

8 ns (max delay of gate (01) output of 74AS374 low to 
high from CLOCK) + 4.5 ns (74ASOO, AREQ is output) 
= 12.5 ns 

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

5c. Minimum CS setup time to CLOCK high (DP8422A-25 
needs 13 ns): 

50 ns (one clock period) - 18 ns (#5a) - 11.5 ns 
(maximum enable time to valid output for 74AS373) = 

20.5 ns 

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

200 ns (TS + TC) - 50 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) = 104 ns 

Therefore the tRAC of the DRAM must be 104 ns or 
less. 



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

200 ns - 50 - 4.5 - 8 ns - 7.5 ns - 79 ns (ClK to 
CAS Iowan DP8422A-25) = 51 ns 

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

8. Minimum setup time of DO low (from DT ACKO) 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 

9. 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) 
= 5.5 ns 

10. 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 
74ASOO) - 4.5 ns (max delay of 74ASOO, CLOCK) = 

33 ns 

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

1. Maximum time to address valid: 

The "G" input makes the 7 4AS373 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 

2a. Maximum time to ALE high from CLOCK: 

22 ns (max status valid) + 4.5 ns (74ASOO) = 26.5 ns 

2b. Maximum time to ALE high from CLOCK (DP8422A 
ClK): 

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

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

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

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

40 ns (one clock period) - 19 ns (# 1) = 21 ns 
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5a. 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 74ASOO CLOCK delay) = 50 ns, 

THIS IS EQUAL TO 10 NS FROM PHASE ONE OF 
THE CURRENT "TS" INVERTED CLOCK (CLOCK). 

5b. Maximum time to active high gating signal to 74AS373 
transparent latch from CLOCK: 

7.5 ns (max delay of gate (03) 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. 

5c. 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) = 
18.5 ns 

6. 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 Iowan 
DP8422A-25) = 154 ns 

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

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

240 ns - 40 - 4.5 - 8 ns - 7.5 ns - 79 ns (ClK to 
CAS Iowan DP8422A-25) = 101 ns 

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

8. Minimum setup time of 02 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 

9. 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 
74ASOO, CLOCK) = 25.5 ns 

• 
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Interfacing the 
DP8420A/21A/22Atothe 
80286 above 25 MHz, 
including No Wait States in 
Burst Mode 

I. 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. 

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

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

The memory banks are interleaved on word (16-bit word) 
boundaries. This means that the address bit (A 1) 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 74ASOO 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 RAsa output of the 
DP8421A. For even higher system performance an 'E' 
speed PAL can be used. 

III. 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 (A 11) is tied to 
the bank select input of the DP8421 A (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 DP8421 A 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 (7 4AlS6311) 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 74ASOO NAND gates 
(U 1) be in the same package so the delays (ClK ~, S01) 
track each other. For even higher system performance an 
'E' speed PAL could be used. 
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IV. 80286 DESIGNS # 1 AND #2 PROGRAMMING 
MODE BITS 

Programming 
Bits 

RO = 0 
R1 = 1 

R2 = 0 
R3 = 1 

R4 = 0 

R5 = 0 

R6 = 0 

R7 = 1 

R8 = 1 
R9 = X 

CO =X 
C1 = X 
C2= X 
C3 =X 

C4 = 1 
C5 = 0 
C6 = 1 

C7 = 1 

C8 = 1 

C9 = 1 

80 = 1 

81 = 1 

ECAS-O = 1 

Description 

RAS - low two clocks, RAS-
precharge of two clocks. If more 
RAS - precharge is desired the 
user should program three 
periods of RAS - precharge. 

DTACK - 1f2 is chosen. 
DTACK - follows the access 
RAS-Iow. 

No WAIT states during burst 
accesses. 

IfWAITIN- =0, add one clock 
to DTACK-. WAITIN- maybe 
tied high or low in this 
application depending upon the 
number of wait states the user 
desires to insert into the access. 

Select DTACK - . 

Non-interleaved Mode. 

Select based upon the input 
"DElClK" frequency. Example: 
if the input clock frequency is 
16 MHz then choose CO, 1,2 = 
0, 1, 0 (divide by eight, this will 
give a frequency of 2 MHz). 

RAS banks selected by "81". 
This mode allows two RAS-
outputs to go low during an 
access, and allows byte writing 
in 16 bit words. 

Column address setup time of 
o ns. 

Row address hold time of 15 ns. 

Delay CAS - during write 
accesses to one clock after 
RAS- transitions low. 

Fall through latches. 

Access mode 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. 

o - Program with low voltage level 
1 - Program with high voltage level 
X - Program with e~her high or low voltage level (don't care condition) 
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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 ('0' 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, 74ASOO) = -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 74ASOO for ClK -) - 8 ns (max '0' 
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 74ASOO for ClK-) - 8 ns (max '0' 
speed PAL clocked output delay for ADS - from ClK - ) 
- 82 ns (ADS - to RAS - low max, DP8421 A-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-O-
3 low (0 ns needed by the DRAMs) during burst mode 
accesses for zero wait states (DESIGN #2 ONLy): 

31.25 ns (phase 1 in Ts) + 1.25 ns (#2 above, address 
valid with respect to ClK - beginning of phase 1 in Ts) 
+ 2 ns (minimum '0' 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 ouiput valid, #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 (74ASOO max 
delay, ClK-) - 8 ns ('D' speed PAL clocked output 
delay from ClK-, ECAS-0,1) - 10 ns (74AS32 max 
delay to CAS - 0-3 low) - 7 ns (80286 data setup time 
#8) - 7 ns (74F245 max delay) = 57.25 ns tCAC need­
ed. 

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

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

10. Minimum SRDY- (Synchronous ReaDY) setup time to 
ClK low (80286 SRDY input needs 15 ns, # 11): 
62.5 ns (two clock periods) - 4.5 ns (74ASOO max de­
lay, ClK -) - 10 ns ('D' speed PAL combinational out­
put max delay to SRDY - low) = 48 ns. 

Hote: Calculations can be performed for different frequencies, different log~ 
Ic (ALS or CMOS ... etc), and/or different combinations of wait 
states by subslnuting the appropriate values into the above equa­
tions. 

VI. 80286 PAL INPUT AND OUTPUT DESCRIPTIONS 
FOR DESIGNS #1 AND #2 
Inputs: 
ClK-

PClK 

S01 
SO­
WIN-

CS-

DT12-

AO 

BHE­
RFRQ­

HSA-

OE­
Outputs: 
ECAS-O 

ECAS-1 

SRDY-

8420ClK-

ADS-

The inverted clock (ClK) of the 80286. 
The half speed clock of the 80286, produced 
by the 82284. 

The 80286 SO - 'NANDed' with S1 -. 

The SO - output of the 80286. 
The 80286 SO - input low latched throughout 
the access cycle. 
The DRAM chip select generated from the 
80286 addresses. 

The DTACK- output of the 8421 A. 

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

The high byte enable from the 80286. 
The refresh request output from the 8421 A. 

The High Speed Access output (comparison 
equal) from the 74AlS6311. 
Output enable of the PAl~. 

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

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

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

This is the CLOCK and DElClK input to the 
8421A. This clock runs at half of the 80286 
ClK frequency. 
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. 
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NOACC- This PAL output is low at the end of an 80286 
access and stays low until the next access 
starts. 

lREQ-

WIN­
ENX-

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 PLANTM FORMAT (DESIGN # 1) 

1. Up to 40 MHz (80286-20) 

PAl16R6D 
ClK- PClK SO.1 SO- CS- DT12- AO BHE- NC3 GND 
OE- ECAS-1 WIN- ENX- SRDY- ADS- NOACC-
8420ClK- ECAS-O VCC 

If(Vce)/ECAS-O = ICS-*S01*SO-'/AO*8420ClK­
;READ 

+/CS- */ADS- */DT12-
*/AO"8420ClK- ;WRITE 
+ IECAS- O'/ADS-
+ IECAS - 0* ISRDY-

If (Vce) IECAS-1 = ICS- 'S01'SO- * 
IBHE-*8420ClK- ;READ 
+ ICS- */ADS- "/DT12- * 
IBHE - *8420ClK - ;WRITE 
+/ECAS-1*/ADS­
+/ECAS-1"/SRDY-

18420ClK-:= IPClK 

INOACC- := ISRDY-*/ADS-

IADS-

ISRDY-

IENX-

IWIN-

+ INOACC- */PClK 

+/NOACC- *CS- "/ADS­
+/NOACC-*/S01 

:= ICS-'S01*PClK 

+/ADS-*SRDY-
:= ICS- */ADS- '/DT12- *NOACC- * 

IPClK 
+ ISRDY- */ADS- *NOACC­

:= ICS-'/ADS-
:= ISO-'S01 

+/WIN-'NOACC-

+ IWIN -' IPClK 

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
AOGND 
OE- BHE- ADS- lREQ- NOACC- 8420ClK­
ECAS - 1 ECAS- 0 SRDY - VCC 
If (V ce)/SRDY - = ICS - • I ADS - * 

IDT12- *NOACC- *8420ClK-

+/SRDY- */ADS-*NOACC­

+ ISRDY - * I ADS - *8420ClK-



IECAS-O:= ICS- *S01 *WIN- */AO*/HSA- *PCLK 

+/CS- *S01 *WIN- */AO*HSA- *ADS- *PCLK 

+ ICS- * ILREQ- */AO*/HSA- *WIN - *PCLK 

+ ICS- */ADS- */SRDY - *NOACC- * IAO*PCLK 

+ IECAS - 0* I ADS - *NOACC-

IECAS-1:= ICS-*S01*WIN-*/BHE-*/HSA-*PCLK 

+/CS- *S01 *WIN- */BHE- *HSA- *ADS- *PCLK 

+ ICS- *LREQ- */BHE- * IHSA- *WIN- *PCLK 

+ ICS- */ADS- */SRDY - *NOACC- */BHE- *PCLK 

+/ECAS-1 */ADS- *NOACC-

18420CLK - : = IPCLK 

INOACC - : = ISRDY - * I ADS-

+ INOACC - * IPCLK 

+/NOACC- *CS- */ADS­

+/NOACC-*/S01 

ILREQ-:= ICS-*S01*HSA-*/ADS-

+ ICS- *S01*/RFRQ- */ADS­

+ ILREQ- *ADS-

IADS-: = CS-*S01*ADS-*RFRQ-*PCLK 

+ ILREQ- */HSA- *PCLK 

+/ADS-*NOACC-

+ IADS- */NOACC- *RFRQ- */HSA­

+ I ADS - * INOACC- * IPCLK 
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;READ WITH ADS- LOW 

;READ WITH ADS- HIGH 

;READ DELAYED ACCCESS 

;READ WITH ADS- LOW 

;READ WITH ADS- HIGH 

;READ DELAYED ACCESS 

~ 
Z 

I 
m ..... 
01) 



co ,.. 

i 
CLK 

8420CLK-

CS-

CPU 501 

ADS-

WIN-

ADDRESS 

RFRo-

DTACK­
(Dm-) 

SRDY-

NOACC-

ECAS-O.l 

RAS-O.l 

RAS-2.3 

DATA 

80286/DP8421A Page Mode Timing (Design # 1) 

r- READ BANK D --r-- WRITE BANK 1 

I ~ I ~ I ~ I ~ I ~ I ~ 
REFRESH WITH PENDING READ BANK 1 ACCESS ----I 
~ I ~ I ~ I ~ I ~ I ~ I 

TL/F/l0442-2 

4·134 



Interfacing 80286/8421A Using Page Mode Accessing (Design #2) 
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@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, t 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) 

, DIFfERENT PAGE (SAME BANK) " 

~ ~ I ~ I ~ I ~ I ~ I ~ I ~ I ~ 
IN-PAGE ACCESSING 

1- Ts Te Te TS Te TS 

CLK 

8420ClJ(~ 

CPU SOl 
~ ,.iJ4-th+8~$f::q= 

AOSo- l 
I.R£Q.. , 
WIN- \.l , 

" , 

~ " , 
}, , 

ADDRESS NEW PAGE SAME PAGE 

HSA~ 

RFRO-

DYACK~ 

(DTI2~) 

SRDY~ 

N~ 

ECAS..Q.l 

RAs--o.l 

~2.3 

00-.0-3 

DATA 

, 

READ 

}: 
~~ ~------~---~------~--< 

[' :' A# lJ 

AN-618 

TL/FI10442-4 



! 
'" .... 

II 

ClK 

842DCLKN 

CSN 

CPU 501 

AOSN 

LREQN 

WINN 

TS TC TC 

~ 
IJ, 

80286/DP8421A Page Mode Timing (Design #2) 

r- DIFFERENT PAGE (OTHER BANK) 

I ~ I ~ I ~ I ~ I ~ 
~ IN-PAGEl 

ACCESS 

Tc Ts I Tc TC TC 

REFRESH WITH PENDING ACCESS 

TS TC TC 

ADORESS ~ I X I X INON-CS ACCESS X I X I I 

HSAN 

RFRQN 

OTACKN 
(DT12N) 

SRDYN 

NOA~ 

ECASNO, 1 

RASNO, 1 

I ~l: :01 I, I II 

-;\ I I I If I -:\ I I If I I -:\ I If I I I I -V I I I I I I I I I I I I 
I I I I I 

I I I I I I I I I I I I I I 1\ RE~RESH 1/ 
I I 1 I I I I I 1 I I I r- I I 
I I I I I I I I I I I I + _'" I I 

I I 
RASN2, 3 I I I I" I I I I '/ PRE.\:HARGE '\ I I 

I I I I ,'-- I I I I 

I I I I I I I I I I I I I I 1 I 

CA$NQ-3 I I '\ 'i/ I I '\ I / I I I \ I /' I I I I 
I I : I I I : t I I : I I I I I 

I I ~~ I I I ~'" I I I ~~' I I I I 

DATA " READ '- READ READ ---.I I 

TLlF/10442-5 

8~9-N\f 



(g ,----------------------------------------------------------------------------, 

~ z c:c 
Interfacing the 
DP8420A/21 A/22A 
to the 80386 

INTRODUCTION 

This application note describes how to interface the 80386 
microprocessor to the DP8422A DRAM controller (also ap­
plicable to DP8420Al21A). 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. 

I. DESCRIPTION OF DESIGN # lA and lB, 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® 
(PAL 16R8D), 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 DRAMs). See Figures 1-5. 

Design # 1 A differs from # 1 8 in terms of the maximum op­
erating frequency. Design # 1 A can operate up to 40 MHz, 
Design # 1 8 can operate up to 50 MHz. Designs # 1 A and 8 
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 (81). 8ecause 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 1 A and 18, the PAL (PAL 16R8D) 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 1 A and 18 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. 
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If the user desires two wait states during successive ad­
dress pipelined accesses (an extra wait state per access), 
this can be accomplished by running RASO and RAS2 
through a flip-flop (clocked by CLKA) before allowing them 
to be input to the PAL in Design # 1 8. This will delay NA and 
READY by one CLKA clock period. In Design # 1 A 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, ECASO-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 1 Q 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. 

II. 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 DRAMs). 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 (81). 8ecause 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, ~0-3, TI5CK 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 10 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. 

III. 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. 
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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 DP8420Al21A/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 - t01, (pa­
rameter #50 "14 ns") - clock (20 MHz) to AREa 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 3a 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 DP8420Al21 A/22A data sheet but this is permissible as 
long as no glitches happen after AREa transitions low for 
that access. Therefore, this is a valid way of providing ALE 
to the DP8422A. 



U) ,---------------------------------------------------------------------------------, 
CO') 

~ 

~ 
IV. 80386 DESIGN # 1 AND #2, PROGRAMMING MODE BITS 

Programming 

Bits 

RO = 1 
R1 = 1 

R2 = X 
R3 = X 

R4 = 0 
RS = 0 
R6 = X 
R7 = X 

Description 

RAS low four clocks, RAS precharge of three clocks 

No WAIT states during burst accesses 

R8 = 0 
R9 = X 
CO = X 
C1 = X 
C2 = X 

Interleaved Mode (requires DRAMs with a column address hold time of 32 ns or less) 

Select based upon the input clock frequency. Example: if the input clock frequency is 16 MHz then choose 
CO, 1,2 = 0, 1,0 (divide by eight, this will give a frequency of 2 MHz). 

C3 = X 

C4 = 1 
CS = 0 
C6 = 1 

RAS and CAS groups selected by "81". This mode allows two RAS and two CAS outputs to go low during 
an access. 

C7 = 1 
C8 = 1 

Column address setup time of 0 ns. 

Row address hold time of 15 ns. 

C9 = 1 Delay CAS during write accesses to one clock after RAS transitions low 

80 = 1 
81 = 0 

ECASO=O 

Fall-thru latches 

Access mode 0 

Non-extend CAS 

o = 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.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) = 
S8 ns 

2. Maximum time to ALE high (with respect to 16 MHz 
clock): 

35 ns (maximum ADS valid) + 4.5 ns (74AS02 maximum 
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delay)-2 ns ("0" speed PAL minimum clock delay, 
for skew between 32 MHz and 16 MHz clock) = 37.S ns 

The CLKA delay to ALE through 74AS02 is similar: 31 ns 
(one half clock period, 16 MHz) +4.S ns (74AS02 maxi­
mum delay) + 1.S ns (PAL estimated skew between low 
to high and high to low clock to output delay) = 37 ns 

3. Minimum ALE high setup time to CLKA high (OP8422A-
20 needs 16 ns): 

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

4. 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 

5. Minimum CS setup time to CLKA high (DP8422-20 
needs ;4 ns): 

24.S ns (#4)-9 ns (74AS138 decoder) = 15.S ns 
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6. Determining tRAG (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) -1 0 ns (data setup time) - 7 ns 
(74AS245)-32 ns (ClK to RAS low) = 130.5 ns 

Therefore the tRAG of the DRAM must be 130.5 ns or 
less. 

7. Determining tGAG (CAS access time needed by the 
DRAM): 

250 ns -62.5 ns -8 ns -10 ns -7 ns -89 ns (ClK to 
CAS low) = 73.5 ns 

Therefore the tGAG of the DRAM must be 73.5 ns or less. 
COMMON 120 ns DRAMS Will MEET THIS tRAG AND 
tGAG PARAMETER. 

8. Minimum setup of DTACKO to the PAl16R8D, DESIGN 
# 1 ONLY, (need 10 ns): 

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

13.5 ns 

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

31.25 ns (one half clock period) -8 ns (maximum "0" 
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 l5'i'ACR2.5 
(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 
"0" PAL clocked output delay) = 23 ns 

VI. 80386 # 1 DESIGNS (AND # 2 DESIGN), 40 MHZ TIM­
ING CALCULATIONS, WITH ONE WAIT STATE PER AC­
CESS IN ADDRESS PIPEllNED MODE, TWO WAIT 
STATES PER ACCESS IN NON·ADDRESS PIPEllNED 
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 
74AS175In 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 
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2. Maximum time to ALE high (with respect to 20 MHz 
clock): 

30 ns (maximum ADS valid) +4.5 ns (74AS02 maximum 
delay) - 2 ns (PAL minimum clock delay, for skew be­
tween 40 MHz and 20 MHz clock) = 32.5 ns 

The ClKA delay to ALE through 74AS02 is: 25 ns (one 
half clock period, 20 MHz) +4.5 ns (74AS02 maximum 
delay) + 1.5 ns (PAL skew between low to high and high 
to low clock to output delay) = 31 ns 

3. Minimum ALE high setup time to ClKA high (DP8422A-
25 needs 15 ns): 

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

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

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

5. Minimum CS setup time to ClKA high (DP8422A-25 
needs 13 ns): 

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

6. Determining tRAG (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 tRAG of the DRAM must be 99 ns or less. 

7. Determining !cAG (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 tGAG of the DRAM must be 46 ns or less. 

8. 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 30 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. 80388 DESIGN'" 1, PAL EQUATIONS WRITTEN IN NATIONAL SEMICONDUCTOR PLANTM FORMAT 

DESIGN #1A UP ro 40 MHz (80386-20) 
PAL16R8D 
CLK2 82384CLK ADS CS DrACKO EXr_NA W Bl RESEr GND 
OE BOWE ADS1D CLKA READ READY NA ADS3D B1WE VCC 

B1WE:=ADS3D*ADS1D*READ*DrACKO*Bl 
+B1WE*CLKA*READ*RESEr 

BOWE:=ADS3D*ADS1D*READ*DrACKO*Bl 
+BOWE*CLKA*READ*RESEr 

ADS3D:=ADS1D*CLKA*RESEr 
+ADS3D*CLKA*RESEr 

NA:=DrACKO*ADS1D*CLKA*RESEr*w 
+DrACKO*ADS1D*ADS3D*BOWE*CLKA*RESEr 
+DrACKO*ADS1D*ADS3D*B1WE*CLKA*RESEr 
+Exr_NA*CLKA*RESEr 
+NA*CLKA*RESEr 

READY:=NA*ADS3D*ADS1D*DrACKO*CLKA*RESEr 
+READY*ADS3D*DrACKO*RESEr 

ADS1D:=ADS*CLKA*CS 
+ADS1D*NA*RESEr 
+ADS1D*CLKA*RESEr 

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

CLKA:_82384CLK 

DESIGN #lB UP TO 50 MHz (80386-25) 
PAL16R8D 
CLK2 82384CLK ADS CS RASO RAS2 W NO_NA RESET GND 
OE BOWE ADS1D CLKA READ READY NA ADS3D B1WE VCC 

B1WE:=ADS3D*ADS1D*READ*RAS2*NO_NA 
+B1WE*CLKA*READ*RESEr 

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

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

NA:=RASO*ADS1D*CLKA*RESEr*NO_NA*W 
+RASO*ADS1D*ADS3D*BOWE*CLKA*RESET 
+RASO*ADSlD*ADS3D*B1WE*CLKA*RESEr 
+RAS2*ADS1D*CLKA*RESET*NO_NA*W 
+RAS2*ADS1D*ADS3D*BOWE*CLKA*RESEr 
+RAS2*ADS1D*ADS3D*B1WE*CLKA*RESET 
+NA*CLKA*RESET 

READY:=NA*ADS3D*ADS1D*RASO*CLKA*RESET*NO_NA 
+READY*ADS3D*RASO*RESEr*NO_NA 
+NA*ADS3D*ADS1D*RAS2*CLKA*RESEr*NO_NA 
+READY*ADS3D*RAS2*RESEr*NO_NA 

ADS1D:=ADS*CLKA*CS 
+ADS1D*NA*RESEr 
+ADS1D*CLKA*RESEr 

READ:=CS*W*ADS1D*CLKA*RESEr 
+RL4~*ADS1D·RESET 

+READ*CLKA*RESEr 

CLKA:=82384CLK 
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Logic Needed for "NO_NA" Term in Design #1 B 

_~ RFIP 
RFIP [ )o--c:> NO_NA 

GRANTB e-----.... -~-
TL/F/97S0-12 



~-------------------------------------------------------------------.~ 

Key: Reading PAL Equations Written In PLAN 
EXAMPLE EQUATIONS: READ: = CS_RD·ADSlD·CLKA 

+READ·ADS1D 
+REAO·CLKA 

This example reads: the output "READ" will transition low 
on the next rising "CLK2" clock edge (given that one of the 
following conditions are valid, a setup time before "CLK2" 
transitions high); 

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

2. the output "READ" is low AND the input "ADS1 D" is low, 
OR 

3. the output "READ" is low AND the input "CLKA" is high 

CLOCK 

CLK2, 

~ ADDRESS MilO 

~DECODERI 
CLK2, I 

CLK cs~ CLKA 

cs 

CLK,DLYCLK 

L.!L. DTACK (or RASO,2) 

ADS NEXT ADDRESS 

W/R REQUEST, READY, 
ALE ALE 80386 CLOCK GENERATOR, 

BEO-3 
DP8422A CONTROL, ADS3D AREQ 

4 AND READ/WRITE 
CONTROL LOGIC 

W/R~ 
READY 

I NA ECASO-3 

4 .. 

DATA BUSO-31 

ROWO-9 
UOLUMNO-9 

II 
QO-l0 

J L J Bl 

RASO-l 

CASO-l 
MEMORY 

BANKO WEO-3 TWO 32 BIT DP8422A 
BANKS 

RAS2-3 
INTERLEAVED 

CAS2-3 

BANKI WEO-3 

,... ;;! :L~ ; I§;>, 

ENABLEO-3 
"--;J c--" 

DIR 

J 
74F245 

TL/F/9730-1 

FIGURE 1. 80386 Design 41 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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FIGURE 2. 80386/DP8422A Interface Control Logic for Design # 1A 
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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 6. 80386 Design #2, System Block Diagram tor Non-Address Plpellned 
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FIGURE 10.80386 Design #2 Non-Address Plpellned Timing 
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FIGURE 11.80386 Design # 1 and # 2, DRAM Speed Verses Processor Speed (The Processor Speed is Referencing 

the 82384 "ClK" Output, The DRAM Speed is Referencing the RAS Access Time "tRAC" of the DRAM) 
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Interfacing the 
DP8420A/21A/22Atothe 
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 (I ADS) if a refresh or Port B (DP8422A 
only) access is not in progress. During the burst access all 
IRAS's are kept low while toggling ICAS's. The burst ac­
cess can be terminated when out of page signal is detected. 
The High Speed Access (lHSA) 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 ICAS's 
and IWE signals. Where the 386PALN2 is to generate I 
ADS (or I AREQ), INA, and IREADY signals. This design 
can accommodate two banks of DRAM, 32 bits in each 
bank, giving a maximum memory capacity of 8 Mbytes (1 M x 
1 DRAMs) or 32 Mbytes (4M x 1 DRAMs). The schematic 
diagram is shown in Figure 1. 

II. 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 = u 
R8 = 1 
R7 = 1 
R6 =x 
R5,R4 = 1,1 
R3,R2 = u,u 
R1, RO = U,u 
C9 =0 
C8,C7 = 1,1 
C6;C5;C4 = 1111 II 

~ ... , ... 
C3 =0 
C2, C1, CO = u,u,u 
B1 = 1 
BO = 1 
IECASO = 1 

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 IRAS pulse width maximum timing (tRASP = 100 Jots). 
The external refresh control logic forces DRAM controller to 
initiate refresh as soon as the 80386 is not accessing the 
memory. 386PAL 1 is used to generate IECAS(3:0) and 
IBED(3:0) signals. 386PAL2 is to generate lADS, IAREQ, 
INA, and some intermediate signals. 386PAL3 is to gener­
ate IMOE, IRFSHCK, and IRFIPDn signals. 386PAL4 is to 
generate IWE, IREADY, 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. IMOE is tied to 10E of DRAM for 10E 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 # '//. 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 ICAS going low and column 
address hold time after ICAS 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 IRAS Refresh 
Noninterleaved Mode 
IDTACK is selected 
IWAITIN Controlled IDTACK High 
No Wait State during Burst Mode 
Wait State during Nonburst Mode 
IRAS Low and Precharge Time 
ICAS is same for READ & WRITE 

tRAH 15 ns and tASC 0 ns 
IRAS and leAS Configuration 
Refresh Clock Divider 
Refresh Clock Divisor Select 
Mode 1 Selected 
Fall through Selected 
Extend ICAS and Refresh Request 
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DESIGN TIMING PARAMETERS 
AC timing parameters are referred to under the heavy load 
when using n M x 1 or n K x 1 DRAMs, and under light load 
when using n M x 4 or n K x 4 DRAMs. 
Times that begin with a "$" refer to DP8422A data sheet 
July 1988 and a "(I" 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. 

I. Timing calculation for Design # 1 

25 MHz lop = 40 ns with light load 
$400b: I ADS Asserted Setup to ClK 

tcp - PAl20R4E ClK Ip max. - PAl20R4E 
tp max. 
= 40 ns - 7 ns - 8 ns = 25 ns (@ 25 MHz) 

$401: ICS Setup to I ADS Asserted 
2 lop + PAl20R6E ClK tp min. + PAL20R6E 
tp min. - #6 Address Valid - Decoder tp max. 
= 80 ns + 4 ns + 6 ns - 21 ns - 9 ns 
= 40 ns (@ 25 MHz) 

$416: I AREa Negated to I ADS Asserted 
2 lop + PAl20R6E ClK tp min. + Skew of 
ClK2 and ClK min. - #6 Address Valid 
- IHSA tp max. 
= 80 ns + 4 ns + 3.5 ns - 21 ns - 14 ns 
= 52.5 ns (@ 25 MHz) 

a. Address pipelined burst mode access with 0 wait state: 

tcAC = 2 lop - PAl20R4E tcLK max. - PAl20R4E 
tp max. - #21 (Data Setup) - % tcp - Skew of 
ClK2 and ClK max. - Transceiver tp max. 
= 80 ns - 7 ns - 8 ns - 7 ns - 20 ns - 10 ns 

- 6 ns 
= 22 ns (DP8422A-25 Part) 

tAA = 3 tcp - $26 (Address to a Valid) - #6 
(Address Valid) - #21 (Data Setup) 
- Transceiver tp max. 

= 120 ns - 26 ns - 21 ns - 6 ns 
= 60 ns (DP8422A-25 Part) 

tOEA = 2 tcp - PAl20R6E ClK Out tp max. - #21 
(Data Setup) - Transceiver tp max. 

= 80 ns - 7 ns - 11 ns - 6 ns 
= 56 ns (DP8422A-25 Part) 

b. Address pipelined nonburst mode access with 3 wait 
states and initial access with 4 wait states. 

tRAC = 4 lop - PAL20R6E tCLK max. - PAl20R6E 
Ip max. - $402 (I ADS low to IRAS low) - #21 
(Data Setup) - Skew of ClK2 and ClK tp max. 
- Transceiver Ip max. 
= 160 ns - 7 ns - 8 ns - 29 ns - 7 ns 

- 10 ns - 6 ns 
= 93 ns (DP8422A-25 Part) 

tCAC = 4 tcp - PAl20R6E tcLK max. - PAl20R6E 
tp max. - $403 (lADS low to ICAS low) - #21 
(Data Setup) - Skew of ClK2 and ClK tp max. 
- Transceiver tp max. 
= 160 ns - 7 ns 8 ns - 82 ns - 7 ns 

- 10 ns - 6 ns 
= 40 ns (DP8422A-25 Part) 

tAA = 4 tcp - PAL20R6E tCLK max. - PAl20R6E 
tp max. - $417 (I ADS low to Column Address 
valid) - # 21 (Data Setup) - Skew of ClK2 and 
ClK tp max. - Transceiver tp max. 
= 160 ns - 7 ns - 8 ns - 78 ns - 7 ns 

- 10 ns - 6 ns 
= 44 ns (DP8422A-25 Part) 

tOEA = 5 tcp - PAl20R6E tCLK max. - #21 (Data 
Setup) - Skew ClK2 and ClK tp max. - Trans­
ceiver tp max. 
= 200 ns - 7 ns - 7 ns - 10 ns - 6 ns 
= 170 ns (DP8422A-25 Part) 

II. Timing Calculation for Design # 2 

$400b: I ADS Asserted Setup to ClK 

$401: 

tcp - PAL 16R4D ClK tp max. - PAL20R4D tp 
max. 
= 62.5 ns - 8 ns - 10 ns = 44.5 ns 
= 50 ns - 8 ns - 10 ns = 32 ns 
= 40 ns - 8 ns - 10 ns = 22 ns 

ICS Setup to I ADS Asserted 

(@ 16 MHz) 
(@20MHz) 
(@ 25 MHz) 

3 lop + PAl20R4D ClK tp min. + PAl20R4D tp 
min. - #6 Address Valid - Decoder tp max. 
= 187.5 ns + 5.5 ns + 7.1 ns - 36 ns - 9 ns 
= 155 ns (@ 16 MHz) 
= 150ns + 5.5ns + 7.1 ns - 30ns - 9ns 
= 123.6 ns (@ 20 MHz) 
= 120 ns + 5.5 ns + 7.1 ns - 21 ns - 9 ns 
= 102.6 ns (@ 25 MHz) 

$416: IAREa Negated to lADS Asserted 
2 tcp + PAl20R4D ClK tp min. + Skew of 
ClK2 and ClK min. - #6 Address Valid -
PAl20R4D tp max. 
= 125 ns + 4 ns + 3.5 ns - 36 ns - 10 ns 
= 86.5 ns (@ 16 MHz) 
= 100 ns + 4 ns + 3.5 ns - 30 ns - 10 ns 
= 67.5 ns (@ 20 MHz) 
= 80 ns + 4 ns + 3.5 ns - 21 ns - 10 ns 
= 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 0 wait state. 

tCAC =2 tcp - PAL20R4D tp max. - 74F32 tp max. 
- #21 (Data Setup) - % lop 

= 125 ns - 10 ns - 6 ns - 11 ns - 31 ns 
= 67 ns (DP8422A-20 and DP8422A-25 Part) 
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=3 tcp - $26 (Address to Q Valid) - #6 
(Address Valid) - #21 (Data Setup) 

= 187.5 ns - 26 ns - 36 ns - 11 ns 
= 114.5 ns (DP8422A-25 Part) 
= 187.5 ns - 29 ns - 36 ns - 11 ns 
= 111.5 ns (DP8422A-20 Part) 

toEA = 2tep - PAl16R4D ClK Out tp max. - #21 
(Data Setup) 

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

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

tRAC = 3 tcp - $307 (ClK High to tRAS low) -
#21 (Data Setup) 

= 187.5 ns - 22 ns - 11 ns 
= 154 ns (DP8422A-25 Part) 
= 187.5 ns - 27 ns - 11 ns 
= 149.5 ns (DP8422A-20 Part) 

teAC = 3 tcp - $308 (ClK High to tCAS low) -
#21 (Data Setup) - 74F32 tp max. 

= 187.5 ns - 72 ns - 11 ns - 6 ns 

= 98.5 ns (DP8422A-25 Part) 

= 187.5 ns - 81 ns - 11 ns - 6 ns 

= 89.5 ns (DP8422A-20 Part) 

tAA = 3 tep - $316 (ClK High to Column Address 
Valid) - #21 (Data Setup) 

= 187.5ns - 66ns - 11 ns 
= 110.5 ns (DP8422A-25 Part) 
= 187.5ns - 78ns -11 ns 
= 98.5 ns (DP8422A-20 Part) 

toEA = 4 tcp - PAl16R4D ClK out tp max. - #21 
(Data Setup) 

= 250 ns - 8 ns - 11 ns 
= 231 ns (DP8422A-20 and DP8422A-25 Part) 

c. Initial Access with 3 Wait States. 

tRAC = 3tep - PAl20R4D ClK Ip max. - $402 
(lADS low to tRAS low) - #21 (Data 
Setup) 

= 187.5 ns - 8 ns - 25 ns - 11 ns 
= 143.5 ns (DP8422A-25 Part) 
= 187.5 ns - 8 ns - 30 ns - 11 ns 
= 138.5 ns (DP8422A-20 Part) 

teAC = 3tep - PAL20R4D ClK tp max. - $403 
(lADS low to tCAS low) - #21 (Data 
Setup) - 74F32 tp Max. 

= 187.5 ns - 8 ns - 75 ns - 11 ns - 6 ns 
= 87.5 ns (DP8422A-25 Part) 
= 187.5 ns - 8 ns - 86 ns - 11 ns - 6 ns 
= 76.5 ns (DP8422A-20 Part) 

tM = 3tep - PAl20R4D ClK Ip max. - $417 
(I ADS low to Column Address Valid) 
- #21 (Data Setup) 

= 187.5 ns - 8 ns - 69 ns - 11 ns 
= 99.5 ns (DP8422A-25 Part) 
= 187.5 ns - 8 ns - 83 ns - 11 ns 
= 85.5 ns (DP8422A-20 Part) 
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toEA = 3tep - PAl16R4D ClK Out tp max. - #21 
(Data Setup) 

= 187.5 ns - 8 ns -11 ns 
= 168.5 ns (DP8422A-20 and DP8422A-25 Part) 

2. 20 MHz tep = 50 ns with light load 

a. Address pipelined burst mode access with 0 wait state. 

tCAC = 2 tcp - PAl20R4D Ip max. 
- 74F32 tp max. - #21 (Data Setup) -

%tep· 
= 100 ns - 10 ns - 6 ns - 11 ns - 25 ns 
= 48 ns (DP8422A-20 and DP8422A-25 Part) 

tAA = 3tep - $26 (Address to Q Valid) - #6 
(Address Valid) - #21 (Data Setup) 

= 150 ns - 26 ns - 30 ns - 11 ns 
= 83 ns (DP8422A-25 Part) 
= 150 ns - 29 ns - 30 ns - 11 ns 
= 80 ns (DP8422A-20 Part) 

tOEA = 2 tcp - PAl16R4D ClK out Ip max -
#21 (Data Setup) 

= 100 ns - 8 ns - 11 ns 
= 81 ns (DP8422A-20 and DP8422A-25 Part) 

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

tRAC = 3 tcp - $307 (ClK High to tRAS low) -
#21 (Data Setup) 

= 150 ns - 22 ns - 11 ns 
= 117 ns (DP8422A-25 Part) 
= 150 ns - 27 ns - 11 ns 
= 112 ns (DP8422A-20 Part) 

tCAC = 3 tep - $308 (ClK High to tCAS low) -
#21 (Data Setup) - 74F321p max. 

= 150 ns - 72 ns - 11 ns - 6 ns 

= 61 ns (DP8422A-25 Part) 

= 150 ns - 81 ns - 11 ns - 6 ns 

= 52 ns (DP8422A-20 Part) 

tAA = 3tep - $316 (ClK High to Column Address 
Valid) - #21 (Data Setup) 

= 150ns - 66ns - 11 ns 
= 73ns (DP8422A-25 Part) 
= 150 ns - 78 ns - 11 ns 
= 61 ns (DP8422A-20 Part) 

toEA = 4tep - PAL16R4D ClK out Ip max. - #21 
(Data Setup) 

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

c. Initial access with 3 wait states. 

tRAC = 3tep - PAL20R4D ClK tp max. - $402 
(lADS low to tRAS low) - #21 (Data 
Setup) 

= 150 ns - 8 ns - 25 ns - 11 ns 
= 106 ns (DP8422A-25 Part) 
= 150 ns - 8 ns - 30 ns - 11 ns 
= 101 ns (DP8422A-20 Part) 
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!cAC = 3 tcp - PAl20R4D ClK tp max. - $403 
(lADS low to ICAS low) - #21 (Data 
Setup) - 74F32 tp max. 

= 150 ns - 8 ns - 75 ns - 11 ns - 6 ns 

= 50 ns (DP8422A·25 Part) 
= 150 ns - 8 ns - 86 ns - 11 ns - 6 ns 
= 39 ns (DP8422A-20 Part) 

tAA = 3 tcp - PAl20R4D ClK tp max. $417 (lADS 
low to Column Address Valid) - #21 (Data 
Setup) 

= 150 ns - 8 ns - 69 ns - 11 ns 
= 62 ns (DP8422A-25 Part) 
= 150ns - 8ns - 83ns -11 ns 
= 48 ns (DP8422A-20 Part) 

tOEA = 3 tcp - PAL16R4D ClK Out tp max. - #21 
(Data Setup) 

= 150 ns - 8 ns - 11 ns 
= 131 ns (DP8422A-20 and DP8422A-25 Part) 

3. 25 MHz tcp = 40 ns with light load 
a. Address pipelined burst mode access with 0 wait state. 

tCAC = 2 tcp - PAl20R4D tp max. 
- 74F32 tp max. - #21 (Data Setup) -

% tcP· 
= 80 ns - 10 ns - 6 ns - 7 ns - 20 ns 
= 37 ns (DP8422A·25 Part) 

tAA = 3 tcp - $26 (Address to Q Valid) - #6 
(Address Valid) - #21 (Data Setup) 

= 120 ns - 26 ns - 21 ns - 7 ns 
= 83 ns (DP8422A-25 Part) 

tOEA = 2 tcp - PAL 16R4D ClK Out tp max. - # 21 
(Data Setup) 

= 80 ns - 8 ns - 11 ns 
= 65 ns (DP8422A·25 Part) 

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

tRAC = 3 tcp - $307 (ClK High to IRAS low) -
# 21 (Data Setup) 

= 120 ns - 22 ns - 7 ns 
= 91 ns (DP8422A-25 Part) 

tCAC = 3 tcp - $308 (ClK High to ICAS low) -
#21 (Data Setup) - 74F32 tp max. 

= 120 ns - 72 ns - 7 ns - 6 ns 
= 35 ns (DP8422A·25 Part) 

tM = 3 tcp - $316 (ClK High to Column Address 
Valid) - #21 (Data Setup) 

= 120 ns - 66 ns - 7 ns 
= 47 ns (DP8422A·25 Part) 

tOEA = 4 tcp - PAL 16R4D ClK Out tp max. - # 21 
(Data Setup) 

= 160 ns - 8 ns - 7 ns 
= 145 ns (DP8422A-25 Part) 

c. Initial access with 4 wait states. 

tRAC = 4 tcp - PAl20R4D ClK tp max. - $402 
(I ADS low to IRAS low) - # 21 (Data 
Setup) 

= 160 ns - 8 ns - 25 ns - 7 ns 
= 120 ns (DP8422A·25 Part) 
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tCAC = 4 tcp - PAl20R4D ClK tp max. - $403 
(lADS. low to ICAS low) - #21 (Data 
Setup) - 74F32 tp max. 

= 160 ns - 8 ns - 75 ns - 7 ns - 6 ns 
= 64 ns (DP8422A-25 Part) 

tAA = 4 tcp - PAl20R4D ClK tp max. - $417 
(I ADS low to Column Address Valid) -
# 21 (Data Setup) 

= 160 ns - 8 ns - 69 ns - 7 ns 
= 76 ns (DP8422A·25 Part) 

tOEA = 4 tcp - PAL16R4D ClK Out tp max. - #21 
(Data Setup) 

= 160 ns - 8 ns - 7 ns 
= 145 ns (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 = 2 tcp - PAl20R4D tp max. - 74F32 tp max. 
- #21 (Data Setup) - % tcp Transceiver 
tp max. 

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

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

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

= 187.5 ns - 35 ns - 36 ns - 11 ns - 7 ns 
= 98.5 ns (DP8422A-25 Part) 
= 187.5 ns - 38 ns - 36 ns - 11 ns - 7 ns 
= 95.5 ns (DP8422A-20 Part) 

tOEA = 2 tcp - PAL 16R4D ClK Out tp Max. - # 21 
(Data Setup) - Transceiver tp max. 

= 125 ns - 8 ns - 11 ns - 7 ns 
= 89 ns (DP8422A-20 and DP8422A·25 Part) 

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

tRAC = 3 tcp - $307 (ClK High to IRAS low) -
#21 (Data Setup) - Transceiver tp max. 

= 187.5 ns - 26 ns - 11 ns - 7 ns 
= 143.5 ns (DP8422A·25 Part) 
= 187.5 ns - 32 ns - 11 ns - 7 ns 
= 137.5 ns (DP8422A·20 Part) 

tCAC = 3 tcp - $308 (ClK High to ICAS low) -
#21 (Data Setup) - 74F32 tp max. -
Transceiver tp max. 

= 187.5 ns - 72 ns - 11 ns - 8 ns - 7 ns 
= 89.5 ns (DP8422A-25 Part) 
= 187.5ns - 81 ns - 11 ns - 8ns - 7ns 
= 80.5 ns (DP8422A·20 Part) 

= 3 tcp - $316 (elK High to Column Address 
Valid) - # 21 (Data Setup) - Transceiver 
tp max. 

= 187.5 ns - 75 ns - 11 ns - 7 ns 
= 94.5 ns (DP8422A·25 Part) 
= 187.5 ns - 87 ns - 11 ns - 7 ns 
= 82.5 ns (DP8422A-20 Part) 



tOEA = 4 tcp - PAL 16R4D CLK Out tp max. -
#21 (Data Setup) - Transceiver Ip max. 

= 250 ns - 8 ns - 11 ns - 7 ns 
= 224 ns (DP8422A-20 and DP8422A-25 Part) 

c. Initial Access with 3 Wait States. 

tRAC = 3 tcp - PAL20R4D CLK tp max. - $402 
(lADS Low to IRAS Low) - #21 (Data 
Setup) - Transceiver tp max. 

= 187.5 ns - 8 ns - 29 ns - 11 ns - 7 ns 
= 132.5 ns (DP8422A-25 Part) 
= 187.5 ns - 8 ns - 35 ns - 11 ns - 7 ns 
= 126.5 ns (DP8422A-20 Part) 

tCAC = 3 tcp - PAL20R4D CLK tp max. - $403 
(I ADS Low to ICAS Low) - # 21 (Data Setup) 
- 74F32 tp max. - Transceiver tp max. 

= 187.5 ns - 8 ns - 75 ns - 11 ns - 8 ns -
7 ns 

= 78.5ns (DP8422A-25 Part) 
= 187.5 ns - 8 ns - 86 ns - 11 ns - 8 ns -

7 ns 
= 67.5 ns (DP8422A-20 Part) 

tM = 3 tcp - PAL20R4D CLK Ip max. - $417 
(I ADS Low to Column Address Valid) -
#21 (Data Setup) - Transceiver tp max. 

= 187.5 ns - 8 ns - 78 ns - 11 ns - 7 ns 
= 83.5 ns (DP8422A-25 Part) 
= 187.5 ns - 8 ns - 92 ns - 11 ns - 7 ns 
= 69.5 ns (DP8422A-20 Part) 

toEA = 3 tcp - PAL16R4D CLK Out Ip max. - #21 
(Data Setup) - Transceiver tp max. 

= 187.5 ns - 8 ns - 11 ns - 7 ns 
= 161.5 ns (DP8422A-20 and DP8422A-25 Part) 

2. 20 MHz tcp = 50 ns with heavy load 

a. Address pipelined burst mode access with 0 wait state. 

tcAC = 2 tcp - PAL20R4D tp max. - 74F321p max. 
-#21 (Data Setup) - % tcp - Transceiver 
Ip max. 

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

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

tM = 3 tcp - $26 (Address to Q Valid) - #6 
(Address Valid) - #21 (Data Setup) -
Transceiver Ip max. 

= 150 ns - 35 ns - 30 ns - 11 ns - 7 ns 
= 67 ns (DP8422A-25 Part) 
= 150 ns - 38 ns - 30 ns - 11 ns - 7 ns 
= 64 ns (DP8422A-20 Part) 

toEA = 2 tcp - PAL16R4D CLK Out tp max. - #21 
(Data Setup) - Transceiver tp max. 

= 100 ns - 8 ns - 11 ns - 7 ns 
= 74 ns (DP8422A-20 and DP8422A-25 Part) 
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b. Address pipelined nonburst mode access with 2 wait 
states 

tRAC = 3 tcp - $307 (CLK High to IRAS Low) -
#21 (Data Setup) - Transceiver tp max. 

= 150 ns - 26 ns - 11 ns - 7 ns 
= 106 ns (DP8422A-25 Part) 
= 150 ns - 32 ns - 11 ns - 7 ns 
= 100 ns (DP8422A-20 Part) 

tCAC = 3 tcp - $308 (CLK High to ICAS Low) -
#21 (Data Setup) - 74F321p max. -
Transceiver tp max. 

= 150 ns - 72 ns - 11 ns - 8 ns - 7 ns 
= 52 ns (DP8422A-25 Part) 
= 150 ns - 81 ns - 11 ns - 8 ns - 7 ns 
= 43 ns (DP8422A-20 Part) 

tM = 3 tcp - $316 (CL High to Column Address 
Valid) - #21 (Data Setup) - Transceiver 
tp max. 

= 150 ns - 75 ns - 11 ns - 7 ns 
= 57 ns (DP8422A-25 Part) 
= 150 ns - 87 ns - 11 ns - 7 ns 
= 45 ns (DP8422A-20 Part) 

tOEA = 4 tcp - PAL 16R4D CLK Out tp max. -
#21 (Data Setup) - Transceiver tp max. 

= 200 ns - 8 ns - 11 ns - 7 ns 
= 174 ns (DP8422A-20 and DP8422A-25 Part) 

c. Initial access with 4 wait states. 

tRAC = 4 tcp - PAL20R4D CLK Ip max. - $402 
(lADS Low to IRAS Low) - #21 (Data 
Setup) - Transceiver tp max. 

tCAC 

= 200 ns - 8 ns - 29 ns - 11 ns - 7 ns 
= 145 ns (DP8422A-25 Part) 
= 200 ns - 8 ns - 35 ns - 11 ns - 7 ns 
= 139 ns (DP8422A-20 Part) 

= 4 tcp - PAL20R4D CLK Ip max. - $403 
(I ADS Low to ICAS Low) - # 21 (Data 
Setup) - 74F32 tp max. -
Transceiver Ip max. 

= 200 ns - 8 ns - 75 ns - 11 ns - 8 ns -
7 ns 

= 91 ns (DP8422A-25 Part) 
= 200 ns - 8 ns - 86 ns - 11 ns - 8 ns -

7 ns 
= 80 ns (DP8422A-20 Part) 

tAA = 4 tcp - PAL20R4D CLK tp max. - $417 
(I ADS Low to Column Address Valid) - #21 
(Data Setup) - Transceiver tp max. 

= 200 ns - 8 ns - 78 ns - 11 ns - 7 ns 
= 96 ns (DP8422A-25 Part) 
= 200 ns - 8 ns - 92 ns - 11 ns - 7 ns 
= 82 ns (DP8422A-20 Part) 

toEA = 4 tcp - PAL16R4D CLK Out Ip max. -
#21 (Data Setup) - Transceiver tp max. 

= 200 ns - 8 ns - 11 ns - 7 ns 
= 174 ns (DP8422A-20 and DP8422A-25 Part) 



~r-----------------------------------------------------------------~ .... 
If z 
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PAL EQUATIONS 

The Boolean entry operators are listed as: 

Equality 
". -" Replaced by (After Clock) 

AND 
"+" OR 
"I" Complement 
"N" Active Low 

The brief explanation of PAL output signals 

CAS(3:0)- These combinational output signals are Column 
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 
non burst 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-

NA-

CSD-

AREQT-

AREQD-

ASD-

WE-

LATCH-

RFSH-

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

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

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

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

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

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

This combinational output signal is Write Enable 
to the DRAM. 

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

This combinational output signal is complement 
of LATCH-. 

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

RFIPD1-

RFIPD2-

RFIPD3-

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

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

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

TEN-

CKD 

READY-

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 is delayed 
DT ACK - by one clock. 

ADSHI- This sequential output signal indicates whether 
the 80386 is accessing the DRAM or the 
DP8422A is refreshing the DRAM. 

la. 386PALN1 (PAL20R4E) for Design # 1 
Inputs: CLK2, BE3 -, BE2 -, BE1 -, BEO -, CAS - 3, 

CAS-2, CAS-1, CAS-O, MOE-, ASD-; 

Outputs: 

ICAS3-

ICAS2-

ICAS1-

ICASO-

= (lASDD- * ICAS-3) + (ASD- * 
ICAS-3) + (MOE- * ICAS-3) + 
(BE3- • ICAS-3); 

= (lASDD- • ICAS-2) + (ASD- * 
ICAS-2) + MOE- • ICAS-2) + 
(BE2- • ICAS-2); 

= (lASDD- • ICAS-1) + (ASD- • 
ICAS-1) + MOE- * ICAS-1) + 
(BE1- * ICAS-1); 

= (lASDD- • ICAS-O) + (ASD- • 
ICAS-O) + MOE- * ICAS-O) + 
(BEO- • ICAS-O); 

IASDD- := IASD-; 
IWE- := MOE-; 

lb. 386PALN2 (PAL20R6E) for Design # 1 

Inputs: CLK, BE3-, BE2-, BE1-, BEO-, CS-, HSA-, 
RFRQ-, RFIP-, DTACK-, AS-, WR-; 

Outputs: 

IADS-

INA-

IECAS-N 

ICSD­

IASD­
IMOE-

= (lHSAD- • RFRQ- • IHHA-) + 
(ASD- • IRFRQ-); 

= (READY- • IDTACK- • RFRQ- * 
RFIP-) + (READY- • MOE- * 
RFRQ- • RFIP-) + (/READY- • 
RFRQ- • IMOE- • IASD­
RFIP-); 

= (ASD- • IHSAD- • RFRQ-) + 
(BE3- • BE2- * BE1- * BEO- • 
IHSAD- • RFRQ-) + (lMOE- • 
IHSAD- * RFRQ-) + (CSD- • 
IHSAD- * RFRQ-) + (ASD- • 
IRFRQ-); 

:= ICS-; 
:= IAS-; 

:= IWR-; 

IHSAD- := IHSA- • ICSD-; 
IREADY- := IDTACK-; 
IADSD- := IADS-; 

II a. 386PAL 1 (PAL20R4D) for Design #2 Light Load 

Inputs: CLK, BE3 -, BE2 -, BE1 -, BEO -, READY -, 
CKD, MOE -, ASD -, CSD - , WR -, ADS -; 

Outputs: 

IBED3- = (READY- • IECAS-3) + (lASD- * 
IECAS-3) + (/CKD' IECAS-3); 



IBED2 ~ = (READY ~ * IECAS ~ 2) + (I ASD ~ , 
IECAS~2) + (lCKD * IECAS~2); 

IBED1~ = (READY~ * IECAS~l) + (lASD~ * 
IECAS~l) + (lCKD * IECAS~l); 

IBEDO ~ = (READY ~ , IECAS ~ 0) + (I ASD ~ , 
IECAS~O) + (lCKD * IECAS~O); 

IECAS~3 := (/BE3~ * ICSD~ * READY~) 
+ (/BE3~ * ICSD- * IADS~); 

IECAS~2 := (lBE2~ * ICSD~ * READY~) 
+ (/BE2~ * ICSD- , IADS~); 

IECAS~l := (lBE1~ '/CSD~ * READY~) 

+ (lBE1~ */CSD~ */ADS~); 
IECAS~O := (lBEO- * ICSD- * READY-) 

+ (/BEO- * ICSD- , IADS-); 

IECASHI := (lECAS-3 + IECAS-2 
+ IECAS - 1 + IECAS - 0; 

lib. 386PAL 1 (PAL20R4D) for Design #2 Heavy Load 

Inputs: CLK, BE3 -, BE2 -, BEl -, BEO -, READY - , 
CKD, MOE-, ASD-, CSD-, WR-, ADS-; 

Outputs: 

IBED3-

IBED2~ 

IBEDl ~ 

IBEDO~ 

= (READY- * IECAS-3) + (ASD- * 
IECAS-3) + (lCKD' IECAS-3) 
+ (MOE - , ECAS - 3); 

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

= (READY ~ , IECAS~ 1) + (ASD- , 
IECAS~l) + (lCKD' IECAS~l) 
+ (MOE~ , ECAS~ 1); 

= (READY~ • IECAS-O) + (ASD- • 
IECAS~O) + (lCKD • IECAS~O) 
+ (MOE ~ • ECAS ~ 0); 

IECAS~3:= (lBE3~ • ICSD~ • READY~) + 
(lBE3~ • ICSD~ • READY- • IASD-) 
+ 
(lBE3~ • ICSD~ • READY~ • IWR~) 
+ 
(lBE3~ • ICSD~ • IADS-' • READY~) 
+ 
(lBE3~ • ICSD~ • IADS~) + 
(lBE3~ • ICSD- • IADS~ • IWR~); 

IECAS~2:= (lBE2~ • ICSD~ • READY~) + 
(lBE2~ '/CSD- • READY~ '/ASD~) 
+ 
(lBE2~ '/CSD~ • READY- '/WR-) 
+ 
(/BE2~ '/CSD~ '/ADS~ 'READY~) 

+ 
(lBE2~ '/CSD- • IADS~) + 
(lBE2~ , ICSD~ • IADS~ • IWR~); 

IECAS~l:= (lBE1~ • ICSD~ • READY~) + 
(lBEl ~ '/CSD~ • READY~ • IASD~) 
+ 
(lBEl ~ • ICSD ~ • READY ~ , IWR ~) 
+ 
(lBE1~ '/CSD~ '/ADS~ 'READY~) 

+ 
(lBEl ~ , ICSD~ • IADS~) + 
(lBEl ~ • ICSD~ , IADS~ , IWR~); 

IECAS~O:= (lBEO- * ICSD- 'READY-) + 
(lBEO- * ICSD- 'READY- * IASD~) 
+ 
(lBEO- * ICSD- * READY- • IWR-) 
+ 
(lBEO- * ICSD- * IADS- * READY-) 
+ 
(lBEO- * ICSD- * IADS~) + 
(lBEO- , ICSD- * IADS- * IWR-); 

IECASHI:= IECAS-3 + IECAS-2 + IECAS-l + 
IECAS-O; 

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

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

Outputs: 
IADS-

IAREQ-

INASEL-

INA~ 

ICSD-

= (lCS~ '/AS-) + (lAREQT~ , 
ILATCH-); 

= (lHSA- * CSD- * IAREQT~ * ICS~ 
* AS~) + (lHSA- , CSD- , 
IAREQT- * ILATCH-) + (lRFSH- , 
ICS- , AS~) + (lRFSH- , 
ILATCH~); 

= (lCS- * IDTACK- , IAS~) + (lNA­
SEL- * CS-); 

= (NASEL- , IHSA- * ICSD- * 
IAREQT-) + (lNASEL- , IECASHI ' 
MOE-) + (lNASEL- • IAREQD- • 
IMOE - * RFSH - • RFIPD3 -); 

:= ICS-; 

IAREQT~:= IHSA~ '/CSD-; 

IAREQD~:= IAREQ~; 

IASD~ := IAS-; 

lid. 386PAL3 (PAL 16R4D) for Design #2 Light and Heavy 
Load 

Inputs: CLK, CK, RCO~, ML~, RAS~3, RFRQ-, RFIP~, 
TEN~, WR~; 

Outputs: 

ILATCH~ = IRCO + RFSH-; 

IRFSHCK~ = ICK + (lLATCH~ • IRFRQ-) + 
(lLATCH • IRAS- 3); 

IRFSH~ = ITEN~ + LATCH-; 

IRFIPD1~ := IRFIP-; 

IRFIPD2~ := IRFIPD1-; 

IRFIPD3- := IRFIPD2~; 

IMOE- := IWR-; 

lie. 386PAL4 (PAL 16R4D) for Design #2 Light and Heavy 
Load 

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

Outputs: 
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ITEN~ 

ICKD 

= ICNTO • CNT1 • ICNT2; 

= ICK; 

IREADY ~ : = (lDTACK - • CK) + (lREADY ~ * ICK); 
IADSHI~ := (lCSD- * IHSA- • RFSH-) + 

IRFSH~; 

IWE~ := IMOE~; 
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FIGURE 6. Timing Diagram of Initial and Burst Access Cycles for Design # 2 
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Interfacing the 
DP8420A/21A/22A to the 
29000 Utilizing the Burst 
Access Mode 

INTRODUCTION 

This application note describes how to interface the 29000 
microprocessor to the DP8422A DRAM controller (also ap­
plicable to DP8420Al21 A). 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 walt 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® (PAL 16L8D), 
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 insert!! 4 wait states in normal 
accesses and 1 wait state in burst accesses. When idle 
states occur during a burst access the next occurring ac­
cess will only have one wait state. 

This application allows page mode DRAMs to be used by 
holding RAS low after an access is completed (lRDY low) 
until either a refresh request or a new access request 
(IREO) is generated. If IBREO (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 (RFRO) or a new access (IREO) 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, ECASO-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 
(RFRO) 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 DP8420Al21 A/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 - 101, 
parameter #50 "14 ns" - clock (20 MHz) to AREO high 
"9 ns"). 

lB. 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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II. 29000 Programming mode bits 

Programming 
Description 

Bits 

RO = 1 RAS low four clocks, RAS precharge of three clocks 
R1 = 1 

R2 = 1 DT ACK will be asserted on the positive edge of ClK following 
R3 = 0 the access RAS 

R4 = 0 No WAIT states during burst accesses 
R5 = 0 
R6 = X 
R7 = 1 DT ACK output 

R8 = 1 Non·address pipelining to support burst accessing 
R9 = X 

CO = X Select based upon the input clock frequency. Example: if the 
C1 = X DElClK frequency is 20 MHz then choose CO,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 "S 1 ". This mode allows two 
C5 = 0 RAS and four CAS outputs to go low during an access. 

C6 = 1 

C7 = 1 Column address setup time of 0 ns. 
C8 = 1 Row address hold time of 15 ns 

C9 = 1 Delay CAS during write accesses to one clock after RAS 
transitions low. 

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

S1 = 1 Access mode 1 

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

III. 29000 25 MHz timing calculations for Design # 1 and Therefore the tRAC of the DRAM must be 109 ns or less. 
Design # 2, with 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 200 ns - 40 ns - 9 ns - 6 ns - 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 7 4AS37 4 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 
40 ns (one clock period) - 28 ns (DP8422A·25 DTACKI 

needs 14 ns, #404): delay, #18) = 12 ns 

40 ns (One clock period, 25 MHz) + 2 ns (minimum 
9. Minimum IRDY setup time to IRDY being sampled (12 ns 

74AS374 clock to Q) - 14 ns (#1) = 28 ns 
is needed by the 29000, #9): 

5. Minimum CS setup time to ClKA high (DP8422·25 needs 
40 ns (one clock period) - 9 ns (maximum 74AS374 

5 ns, #401): 
clock to Q output delay) = 31 ns 

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 

I 

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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lOa. 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 (PAL 1618 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 

lOb. 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 (PAL 1618 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 

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

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

IV. 29000 PAL equations, Design #1,2 walt states dur­
ing burst accesses. Written in National Semiconductor 
PLANTM format 

PAL16l8D 

ClK CS IREQ IBREQ DTACK2 AREQ IRDY IRDY3 RFRQD 
GND RESET IBACK ~ ~1 I5Oii'Ce E'NI5ACC IREQH 
IRDYl AREQl VCC 

If (VCC) IBACK = AREQ'RFRQD'IREQH'DTACK2 
+~'RFRQD'~'IREQ 
+ iBACK'IREQH'RFRQD 

If (VCC) ~ = ~'ECAS1''DOAOC'RESET 
+~''DOAOC'mDY3'm'RESET 
+ ~''DOAOC'mDY1'RESET 
+ ~'ECASl 'ClK'RESET 
+~'m'RESET 

If (VCC) ~1 = IRDY"CO< 
+~l'ClK 

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

If (VCC) ENDACC = IREQ'IREQH 
+RFRQD'IRDY 
+ RFRQD' AREQ'I REQH 
+ ENDACC' AREQ 
+RESET 

If (VCC) ~ = AREQ'IREQ 
+ IREQH'AREQ'RESET 

If (VCC) IRDYl = DTACK2'AREQ'IRDY'IRDY3'IREQH 
+ ~'IRDY'IRDY3'IREQH'ClK'DOACC 
+ IRDYl 'IRDY'IRDYS'AREQ 

If (VCC) AREQl = CS'IREQ'IRDY'ENDACC'RESET 
+ AREOl 'ENDACC'RESET 
+ AREOl 'DOACC'RESET 
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29000 PAL equations, Design #2, 1 wait state during 
burst accesses. Written in National Semiconductor 
PLAN format 
PAl16l8D 

ClK CS IREQ IBREQ DTACK2 AREQ IRDY IRDY3 RFRQD 
GND RESET IBACK ECAS ECASl DOACC ENDACC IREQH 
IRDYl AREQl VCC 

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

If (VCC) ECAS = AREQ'ECASl 'DOACC'RESET 
+ AREQ'DOACC*IRDY3'ClK'RESET 
+ AREQ'DOACC'ClK'RESET 
+ ECAS'ECASl 'elK'RESET 
+ ECAS'ClK'RESET 

If (VCC) ECASl = 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 
+ IREQH'AREQ'RESET 

If (VCC) IRDYl = DTACK2'AREQ'IREQH 
+ AREQ'IRDY'IREQH'ClK'DOACC 
+ IRDY1'IRDY'AREQ 

If (VCC) AREQl = CS'IREQ'IRDY'ENDACC'RESET 
+ AREQ1'ENDACC'RESET 
+ AREQl 'I5Oii'Ce'RESET 

Key: Reading PAL equations written In PLAN 
EXAMPLE EQUATIONS: READ: = CS_RD'ADS1D'ClKA 

+READ'~ 
+READ'ClKA 

This example reads: the output "FiEA!)" 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 "ADSl D" 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 



v. 29000 application note PAL and 74AS374 outputs 

What follows is a brief explanation of the PAL and 7 4AS37 4 
outputs: 

AREal This combinational output of the PAL is sam­
pled at the next rising clock edge (7 4AS37 4) to 
provide the ADS and AREa 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 (lREQ) 
or a refresh is requested (RFRQ). 

IRDYl This combinational output of the PAL is sam­
pled at the next rising clock edge (7 4AS37 4) to 
provide the IRDY output that terminates each 
29000 access. 

IREQH 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 
(lREQH = IREQ = low). 

ENDACC 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. 

DOACC 

ECASl 

ECAS 

IBACK 

AREQ 

IRDY 

IRDY3 

RFRQD 

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 AREQl explanation. 

See IRDYl explanation. 

This output (7 4AS37 4) 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 RFRa output. 

This clocked output is generated from the 
DP8422A DTACKl 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 Bl = Addr.ss bit 11 } Assuming 

JJl RO-l0=Addr •• s bits 14-24 4M-blt 
CO-l0 = Address bits 2-10,12,13 DRAMS 

DRAM CS 74AS138 I ,. 
(TO PAL) DECODER 

2 
CS 

RASO, 1 

00-10 11 
2 BANKS 

R/W WIN RAS2,3 2 OF 32 BITS 
OF DRAM 

29000 DP8422A 

ClK DElClK, ClK 

I COLINC R/W~ DTACK 
_cs..!::"+ 29000 RFRO 
IREO IBREO CONTROL 

lOGIC ADS CA~ 
IBACK 

- AREO~ AREO 

IRDY T ECASO-3 

ECAS 

~ ::.. RESEi--+ 1c4 I-- 4 "" c=-

AREO FROM - CASO-3D-
PAll ECAS 

R/W"I 
4-74AS32 

"-
DIR G 

INSTRUCTION BUS 0-31 TRANCEIVERS DATA 0-31 
V 74F245 I" 

TLIFll0394-1 
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29000 Control Logic Block Diagram 

(FROII 290oo) U----:~-...,.J.-I 
(FROII 290oo) 2 
(FROII 29OOO) 3 
(FROII 29000)' 4 

ECASI 
~ (TO OP8422A) 

'''"'''''"' I I """" g (TO CAS "OR" GATES) 112 IBACK IBACK (TO 290oo) 

101 L "ft"" """" g (TO OP8422A ADS, AREO and ECASO-3) 
20 5 IROY IROY (TO 290oo) 

(FROII OP8422A) RFRO n, -0 " (FROII SYSTEII) 8 ¢ 

(FROII DP8422A) DTACKI OTACKI ~ ~ 150 

TL/F/l0394-2 



Design # 1 Timing 

Tl Wl W2 W3 W4 T1 Wl W2 W3 W4 W5 Bl BWl BW2 
CLK rL !L h-h-IL rL rL h-rL h-~ rL !L h-!L 

ADDRESS VALID VALID 

IREO I 

AREOl I I 

ADS, AREO II .r--
IBREO I 

IBACK I 

DTACK2 

IRDYl I I I 

COLlNC, IRDY L-.-..l 

IRDY3 I 

~I ECASl 

ECAS 

II) .t> 

I / I 

IREOH 

ENDACC I I 

DOACC I 

RFRO \ , 

RFIP 

0(10:0) 
~ "~ 

'\ 001 \. II \.\. ':l 001 

RAS(1:0) '\ I I 

I 
RAS (3:2) \. I 

CASG(3:0) '\ r-\. 

DATA ~ ~ ~ 
..... 

~ -- r-
READ ACCESS BANK 0 BURST READ ACCESS BANK 1 BURST READ ----.. 

TL/F/l0394-3 

~09-N" 

II 
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Design # 1 Timing (Continued) 

CLK 
OW2 B2 BWI BW2 IDLE IDLE rL r-L rL rL r-L 

WI W2 W3 W4 

fL- fL-rL fL- fL-rL rL rL rt-IL-
ADDRESS VAlID 

IREO 

AREOI I 

ADS, AREO r-1 
IBREO I L ---l L 

IBACK 

DTACK2 

IRDYI ~ I I I 

COllNC, IRDY .. , .. 
IRDY3 II II 

~I ECASI 

ECAS 

IREOH 

-----. JI) JI) I 

/ 11 I 11 / ~ .....r h 
/ 

ENDACC I I 

OOACC \ I 
\ 

RFRO \ \ l REFRESH REOUEST 

RFIP \ \ ~ 
REFRESH 

o (10:0) 001 002 I 003 004 

RAS(I:0} \. 
, 

RAS(3:2} PRECHARGE \. I 

CASG(3:0} 

DATA 

r-\ r-\ J\. --.J 
I -muD I-.. "'VALiii I-.. -vAriii -- ~ - ~ - ~ ,I . READ BURST ACCESS BANK 1 USING COliNC READ ACCESS DURING REFRESH 

TLlF/10394-4 



Design *' 1 Timing (Continued) 

ClK 
W4 W5 r1.... rL. W8 r1.... rL rL.. W12 W13 Bl OWl 

r-L rL rL n-n.... n- n-r-t-~ n-
ADDRESS VAUD 

IREO 

AREOI 

ADS, AREO 

IBREO I 

IBACK 

DTACK2 II 

IRDYI I I 

COLlNC, IROY 

IRDY3 II r--

~I ECASI 

ECAS 
" I II> I 

L Irl 1 lrL 
IREOH 7 

ENDACC 

DOACC 

RFRO ~ \ \ 
RF1P 

0(10:0) 

REFRESH \ ~ 
1 [I , 001 .. 002 

RAS(I:0) 1 

RAS(3:2) 1 PRECHARGE 
, 

CASG(3:0) ,-, r--\. 

DATA ~ 
..... - ..... 
r-- ~ ~ 

READ BURST ACCESS DURING REFRESH 
TL/F/10394-5 

~09-NV 
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Design # 2 Timing 

ClK 
TI WI rL W3 W4 TI WI W2 W3 W4 W5 rL r-L r--L r-L-~ h- ~ ~ h-rL.. rL.. ~ ~ rL.. 

IREO IJ J 

AREOI I 

AREO .--
IBREO I I 

IBACK I I 

OTACK2 

IROY1 L...- ~ I I t'1 
IROY II ~r--"~ 

~I 
IRDY3 

ECASI 

ECAS 

I'--~ 
JI) ~ / !I / I II 

IREOH I I 

ENOACC \ 
OOACC J \ 

RFRO 1\ \ \ 
RFIP 

0(10:0) 
~ "-

'" m....J 
1"-... 

'\ --rOOI '\ II U Y DOl I 002 

RAS(I:O) \ 

RAS(3:2) \ 

CASG(3:0) I 

TL/F/l0394-9 



Design # 2 Timing (Continued) 

ClK --L BWI rL rL rL r-L rL rL r--L r-L rL. rL r-L W5 W6 n- IL ~ 
IREO 

AREOI I I 

AREO 

IBREO ---1 L ......J 
IBACK 

DTACK2 

IRDYI L-~ 

IRDY iJ ,. 

~I 
IRDY3 

ECASI 

ECAS 

IL-
ill ill I 

/ / II I 

IREOH \ 'I 

ENDACC 

DOACC 

RrRO 

I 
I 

I \ II ~ L 

\ \ RErR ~H REOUE T 

RrlP \ 1"- ~ RErRESH 

0(10:0) it JI. 002 X 003 J[004 n 

RAS(I:0) " 
RAS(3:2) J " 

CASG(3:0) r\_ L-. __ LJ " I 

TL/F/10394-10 
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Design #2 Timing (Continued) 

W6 W7 W8 W9 W10 Wll W12 W13 81 BWI I f f f f 

CLK L--~ ~ rL rL ~ rt-rL ~ rw rL ~ ru rL rL 
fREQ I 

AREQI 

AREQ 

fBREQ I 

fBACK L 

OTACK2 I 

fROYl I r-h 
fRDY L.........I 

~I 
fROY3 

ECASI 

ECAS 

fREQH 

ENOACC 

DDACC 

RFRQ 

RFlP I 

Q(10:0) I '\ 1001 lI. 002 

RAS(I:0) I 

RAS(3:2) I '\'\ 

CASG(3:0) '\ I 
TUF/10394-11 



29000 

~ 

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

ADDRESS BUS B1 = Addr ... bR 11 } Assuming 

! ! ! RO-10=Address bits 14-24 4~-b" 
CO-10=Addres. bit. 2-10,12, 13 DRA~S 

DRA~~l1 74AS138 I . ~ 
(TO PAL) DECODER 

RASO.1 2 
CS 11 BANK 0 

00-10 OF 32 BITS 
RjW WIN BOCASO-3 OF DRA~ 

DP8422A '-I WE ClK DElClK. ClK 4 R!W 

L...- COllNC WE 
DTACK RAS2 3 2 

C~ 29000 RFRO 11 BANK 1 
IREO.IBREO CONTROL OF 32 BITS 

LOGIC ~ 
B1 CASO-3 OF DRAM 

IBACK - AREO AREO 

01 

~ DO 

I-

~ 
f.r 

IRDY T ECASD-3 

'¥""~r BOECAS SELECT -
RESET---+ B1 ECAS 4 i-- r--- 2-1 

4 ~ MUXES 32 ....... ~ 
CASO-3D-

BOECAS -
B1 ECAS ~ 74F244 

32 
BUFFERS 

7 (MAY NOT 
INSTRUCTION BUS 0-31 BE NEEDED) 

TLlF/10394-8 
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29000 Mode 1,2 Bank System High Performance (Start Access in Bank 0) 

ClOCK 
40 80 120 160 200 240 280 320 360 400 440 480 520 560 600 640 680 7 

ADDRESS VALID VALID 

~ V h .,--

ADS, AREQ 

IREQ 

~ r l~ ~ ~ ~ '-
~~ .r-f\ \.........: ~ 

79 Ir-

IBREQ 

IROY 

iiASQ-3 

BANKOECAS r---\ 11'\ 1'\ 11'\ 1'\ Ir-
BANKO CASQ-3 11'\ 1'\ 11'\ 1'\ 'r-

132 1'\ 11'\ 1'\ 

~ ~ 1'\ 11'\ 1'\ 

BANKI ECAS 

BANKI CASO-3 

r-- r--f\ r-- Stay low COLlNC= 
IROY·BANKI 

DATA 
182 

0 1 
295 

0 1 0 1 0 1 

2900 Mode 1 2 Bank System High Performance (Start Access in Bank 1) (Interleaving Ability Not as Good) 

CLOCK 
40 80 120 160 200 240 280 320 360 400 440 480 520 560 600 640 681 

ADDRESS 

ADS, AREQ 

IREQ 

IBREQ 

IROY 

iiASO-3 

BANKOECAS 

BANKO CASO-3 

BANKI ECAS 

BANK I CX-SO-3 

COLINC = 
IROY·BANKI 

DATA 

VALID 

~ 
h 
h4\ 

79 

r-

I---

'----.: r 
11'\ 

132 '--h 
r"'\ 

132 T"\ 

r---,....,. 
182-

0 

VALID 

Ir-- "'\ 

r ~ --J 
~~ !\----: r- '---.,;tt 

r---
r"'\ r"'\ r--
r"'\ r"'\ 

IT"\ lr\ r-
iT"\ 11'\ 

r---\ 
1 0 1 

AN-602 

TlIF/l0394-6 

TlIF/l0394-7 



Interfacing the 
DP8420A/21A/22A to the 
Z280/Z80000/Z8000 
Microprocessor 

I INTRODUCTION 

This application note describes how to interface the Z280 
microprocessor to the DP8422A DRAM controller (also ap­
plicable to DP8420A/21 A). 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. 

n 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 DRAMs). 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 DRAMs) to support 
burst accesses using static column mode DRAMs. Since 
this application assumes the use of static column DRAMs 
the column address strobe (CAS) is left low throughout the 
entire burst access. If the user desires to use nibble mode 
or page mode DRAMs the CAS outputs must be toggled, 
the ECAS inputs the DP8422A can be used for this purpose 
(OS of the Z280 could be "OR"ed with the current ECAS 
inputs). If nibble mode DRAMs are used the COLINC input 
of the DP8422A need not be driven. 

Address bit AO is used to produce the two byte select data 
strobes along with the by1e/word signal (B/W). These byte 
selects (By1e 0 ECAS and By1e 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, B 1, 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 WAIT IN input of the 
DP8422A. 

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

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

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

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

D. normal and burst access operations. 

The external wait logic (U1, U2, U3, U4; see Figure 1) is 
needed to support burst accesses of the Z280. During burst 
accesses the Z280 WAIT input is sampled every falling 
clock edge. What is worse is that the WAIT input needs one 
half clock period setup time and the OS signal (used to tog­
gle ECASO-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 (U 1, 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 ECASO-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 tRAG and tGAG (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). 

4-183 

» z 
I 

U1 
.co. 
en 



III Z280 DESIGN, 10 MHz WITH 1 WAIT STATE DURING 
NORMAL ACCESSES AND 1 WAIT STATE DURING 
BURST ACCESSES, PROGRAMMING MODE BITS 

Programming 
Bits 

RO = 0 
R1 = 1 

R2 = 0 
R3 = 1 

R4 = 0 
R5 = 0 
R6 = 0 

R7 = 1 
R8 = 1 
R9 = X 

CO= X 
C1 = X 
C2 = X 

C3 =' X 
C4 = 0 
C5 = 0 
C6 = 1 

C7 = 1 
C8 = 1 
C9 = 1 

BO = 0 
B1 = 0 
ECASO = 0 

Description 

RAS low two clocks, RAS precharge 
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. 
DTACK one half is chosen. DTACK 
low first rising ClK edge 
after access RAS is low. 
No WAIT states during burst accesses 

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. 
Select DTACK 
Non-interleaved Mode 

Select based upon the input 
"DELClK" frequency. Example: if the 
input clock frequency is 1 0 MHz then 
choose CO,1,2 = 1,0,1 (divide by five, 
this will give a frequency of 2 MHz). 

RAS groups selected by "B 1 ". This 
mode allows two RAS outputs to go 
low during an access, and allows byte 
writing in 16- or 32-bit words. 

Column address setup time of 0 ns 
Row address hold time of 15 ns 
Delay ~ during write accesses to 
one clock after RAS transitions low 
latches latch on ALE input low 
Access mode 0 
CASn not extended beyond RASn 

o 7" Program with low voltage level 
1 = Program with high voltage 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 (OP8422A-
20 needs 29 ns, #301b): 

100 ilS (one ciock period) - 20 ns (AS valid maximum 
delay, #3 of Z280 data sheet) - 11 ns (74AlS04B max 
delay) = 69 ns 

4-184 

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 

3. Minimum CS setup time to clock high (DP8422A-20 
needs 14 ns, #300): 80 ns (#2C above) - 22 ns (max 
74AlS138 decoder) = 58 ns 

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

5. 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 1.21 ns or 
less. 

6. 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))). 

7. Maximum time to DTACK one half low (74AlS374 0 
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 

8. Minimum WAIT setup time to ClK low (Z280 WAIT input 
needs 50 ns, #14): 

100 ns (one clock period) - 16 ns (74AlS374 max de­
lay) - 14 ns (74AlS08 max delay) = 70 ns 

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

Since the AREO input of the OP8422A will go high from 
OS and IE both being high the AREO high setup to 
clock rising edge (OP8422A parameter #29b, 19 ns) 
parameter is violated. This means that the rising clock 
edge following AREQ high mayor may not be counted. 



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 OS transition high) - 35 ns (iE and 
OS 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 5ubstatuting the appropriate values 
into the above equations. 
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'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 Walt State In Normal Accesses, 1 Wait State in Burst Accesses 
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FIGURE 2. Z280 Access Cycles and Refresh (1 Wait State during Normal Access Cycles) 
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FIGURE 3. Z280 Burst Access Cycle (1 Wait State in Normal and Burst Accesses) 

DRAM Speed vs Processor Speed (DRAM Speed 
References the RAS Access Time, tRAC, of the DRAM. 

Using DP8422A-25 Timing Specifications) 

22tdHz 

21 MHz 

20NHz 

19MHz 

18tdHz 

17MHz 17.1 

16MHz 16.1 

15 111Hz 

14MHz 

13MHz 

12MHz 

11 MHz 

10NHz 

9t.1Hz 

8NHz 
Z280/8000 

Z80000 
1 WAIT STATE, 

4 ClOCKS 
PER ACCESS 

2280/8000 
Z80000 

2 WAIT STATES, 
5 CLOCKS 

PER ACCESS 

4·186 

DRAhi KEY: 

• 80ns DRAt.! 

11100 ns DRAM 

• 120ns DRAW 

D 150nsDRAtd 

TLiO/9740-5 



Interfacing the Dual Port 
DP8422A to the TMS320C30 
and the VME Bus 

INTRODUCTION 

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

DESCRIPTION 

This design consists of Port A of the DP8422A interfaced to 
the primary bus of TMS320C30 DSP and Port B interfaced 
to the VME bus. The DP8422A is operated in access Mode 
1 and uses the interleaving capability on chip. A Port A ac­
cess cycle begins when the TMS320C30 places a valid ad­
dress on the address bus and asserts the strobe (lSTRB) 
signal, only if a refresh or Port B (VME bus) access is not in 
progress. GRANTB of the DP8422A indicates which port is 
currently granted to do an access. Port A is the default port 
upon power up. This design accommodates 4 banks of 
DRAM (256K x 4), 32 bits in each bank, giving maximum 
memory capacity of 4M by1es. The schematic diagram is 
shown in Figure 1 and simple timing diagrams are shown in 
Figures 2 and 3. 

1IISl'IlC3O 

:S3WHz 
Add, 

"I<lN "" 
/S". 

/RES" 

/RI1f 

". 

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. 

RO, R1 = u, u 

R2, R3 = u, u 

R4, R5, R6 = X, X, X 

R7 = 1 

R8 = 0 

R9 = u 
CO, C1, C2 = 01 0 (16 MHz) 

C3 = 0 

C4, C5, C6 = u, u, u (or 0,1,1) 

C7, C8 = u, u 

C9 = 1 

BO = 0 

B1 = 1 

OJ<B VII' 
Addr.8. BUS 

'os 
"" 

" 

port8Dltalui 

TLlF/l055B-l 

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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Interfacing the NS32CG821 
to the NS32CG 16 

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, tRAH, the 
NS32CG821 will place the column address on the DRAM 
address bus, guarantee the column address setup time and 
assert ~. During read cycles, the DRAM will place valid 
data on the bus after the DRAM, tcAC, timing has been met. 
During write cycles, ~ will be delayed until after T3re, to 
ensure that the CPU's write data is valid before CAS is as­
serted. 

National Semiconductor 
Application Note 576 
Chris Koehle 
Rich Levin 

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

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

Timing parameters are referenced to the numbers shown in 
the NS32CG821 data sheet, and are included in each equa­
tion in italics 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. 

NS32CG 16-NS32CG821 Connection Diagram 

NS32CG16 

~~----------------------~~ 
TSO~------------------------------------------~ 

Ym~------------------------------------------~ 

AO 

ClK 
DElClK 

TSO 

WIN 

cs,M[ 

RO-9 
CO-9 
BO,Bl 

ECAS1,3 

ECASO, 2 

00-9 
RASO-3 ... _ .... 
CASo-3 

WE 

NS32CG821 

>:-::..!----------+iAlE 

data bus 

'Standard components In any NS32CG16 design. 
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DESIGN TIMING PARAMETERS 

Timing diagrams are supplied further on in this document. 

Clock Period = Tep10 = 100 ns @ 10 MHz 

= Tep15 = 66 ns @ 15 MHz 

$300: CS Asserted to ClK High (only A20-A23 are 
used for decode) 

$301a: 

$302: 

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

NS32CG821-25 

= T1 - (CTTl to address valid + B·PAl de· 
lay) 

= Tep - #tAHv - tSpal 
= 100 ns - 40 ns - 15 ns 

1= 45 ns @ 10 MHz 1 
= 66 ns - 30 ns - 15 ns 

1= 21 ns @ 15 MHz 1 
ALE Setup to ClK High 

16 ns Min @ NS32CG821-20, 
15 ns Min @ NS32CG821-25 

= T1 - Inverter Max - CITl to ADS 
= T ep - tplh - #tADSa 
= 100 ns - 5 ns - 35 ns 

1= 60 ns @ 10 MHz 1 
= 66ns - 5ns - 26ns 

1= 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 

$303 & $304: Address Setup to ClK 

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

= T1 - CITl to Address - F373 In to Out 

= Tep - tAHv - tphl 
= 100 ns - 40 ns - 6 ns 

1= 54 ns @ 10 MHz 1 
= 66 ns - 30 ns - 6 ns 

1= 30 ns @ 15 MHz 1 
$310: 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) 

= Tep - (Tep + tWRa 

= 100 ns - (100 ns + 20 ns) 

1= -20 ns @ 10 MHzl 

= 66 ns - (66 ns + 15 ns) 

1= -15 ns @ 15 MHz 1 

5-4 

Timing parameter to guarantee ftll$ Precharge with 2 Clock 
Precharge 

$29b: fSO negated Setup to ClK High 
with > 1 Period of Precharge 

CWAIT: 

CWAIT: 

CWAIT: 

19 ns Min @ NS32CG821-20, 
15 ns Min @ NS32CG821-25 

= T4 - CITl to fSO Inactive 

= Tep - #TSOia 

= 100 ns -12 ns 

1= 88 ns @ 10 MHz 

= 66 ns -10 ns 

1= 56 ns @ 15 MHz 

Setup for Wait States, before T3re 
#tCWs, 20 ns Min @ 10 MHz 
& 15 MHz for NS32CG 16 

= T1 + T2 - (Time in T1 until cs 
Asserted + CS to WAIT Asserted) 

= 2Tep - (#TAHv + tSpal + $311) 

= 200 ns - (40 ns + 15 ns + 26 ns) 

1= 119 ns @ 10 MHz 1 
= 133 ns - (30 ns + 15 ns + 22 ns) 

1= 66 ns @ 15 MHz 1 
Hold, after T3re 
#tCWh, 5 ns Min @ 10 MHz 
& 15 MHz for NS32CG16 

= T3re to WAIT Negated 
= $17 Min 

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

Setup for Termination of Access 
#tCWs, 20 ns Min 
@ 10 MHz & 15 MHz 
for NS32CG16 

= T3 - ClK to WAIT Negated 
= Tep - $17 Max 

= 100 ns - 39 ns 

1= 61 ns @ 10 MHz 1 NS32CG821-20 Part 

= 66 ns - 39 ns 

1= 27 ns @ 15 MHz 1 NS32CG821-20 Part 

DRAM SPECIFIC TIMING WHEN USING 
THE NS32CG16 @ 10 MHz 

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



r--------------------------------------------------------------------.~ 

Zero Wait States Analysis for a 10 MHz NS32CG16 

tRAC = T2 + T3 - ClK to RAS - Transceiver 

tCAC 

Delay - Data Setup 

= 2T ep - $307 - tphl - #tDls 
= 200 ns - 32 ns - 7 ns - 18 ns 

1= 143 ns @ 10 MHz I NS32CG821·20 Part 

= T2 + T3 - ClK to Column Address Valid 
- Transceiver Delay - Data Setup 

= 2T ep - $316act - tphl - #tDls 
= 200 ns - 87 ns - 7 ns - 18 ns 

1= 88 ns @ 10 MHz I NS32CG821·20 Part 

= T2 + T3 - ClK to CAS - Transceiver 
Delay - Data Setup 

= 2Tep - $308act - tphl - #tDls 
= 200 ns - 89 ns - 7 ns - 18 ns 

1= 86 ns @ 10 MHz 1 NS32CG821·20 Part 

One Wait State Analysis for a 10 MHz NS32CG16 

tRAC = T2 + T w + T3 - ClK to RAS -
Transceiver Delay - Data Setup 

= 3Tep - $307 - tphl - #tDls 
= SOO ns - 32 ns - 7 ns - 18 ns 

1= 243 ns @ 10 MHz I NS32CG821·20 Part 

tAA = T2 + T w + TS - ClK to ColumnAddress 

!cAC 

Valid - Transceiver Delay - Data Setup 

= STep - $S16act - tphl - #tDls 
= 300 ns - 87 ns - 7 ns - 18 ns 

1= 188 ns @ 10 MHz I NS32CG821·20 Part 

= T2 + Tw + T3 - ClKto~-
Transceiver Delay - Data Setup 

= STep - $308act - tphl - #tDls 
= SOO ns - 89 ns - 7 ns - 18 ns 

1= 186 ns @ 10 MHz I NS32CG821·20 Part 

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

tRP RAS Precharge Time 

see DRAM data sheet (usually < 100 ns) 

= T 4 + Tl - CTTl to TSO inactive + 
[(ClK high to RAS asserted) - (TSO 
negated to RAS negated)] 

= 2Tep - #trsOia + $53 
= 200 ns - 12 ns + 4 ns 

1= 192 ns @ 10 MHz I 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)) 

= 2Tep - $55 
=200ns-5ns 

1= 195 ns @ 10 MHz I for NS32CG16 

5·5 

DRAM SPECIFIC TIMING WHEN USING THE NS32CG16 
@ 15MHz 

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, tRAH 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 tRAH 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. 

tRAHae\ = 30 * [(DELCLK divisor * 2 MHz/DELClK 

tASCaet 

freq) - 1] ns + 15 ns ( + 2 ns for lightload 
only) 

= 30' [(8 * 2 MHz/15 MHz) - l]ns + 15 ns 

= 17 ns @ 15 MHz 

Normal-Heavy loads 

= SO' [(7' 2 MHz/15 MHz) - l]ns + 15 ns 
+ 2ns 

= 15 ns @ 15 MHz 

Light Loads 

= 15' [DELCLK Divisor' 2 MHz/DELCLK 
Freq] ns - 15 ns ( + 2 ns for light load only) 

= 15' [8 • 2 MHz/15 MHz)ns - 15 ns 

= 1 ns @ 15 MHz 

Normal-Heavy Loads 

= 15' [(7 • 2 MHz/15 MHz) ns - 15 ns + 2 
ns 

= 1 ns @ 15 MHz 

Light Loads 

PARAMETER ADJUSTMENTS FOR 15 MHz DELCLK 
DUE TO CHANGED tRAH and tAse 
$308act ClK High to CAS = Data Sheet Spec + 

(Actual tRAH - Spec tRAH) + (Actual tASC -
Spec tASel 
= 79 ns + (17 ns - 15 ns) + (1 ns - 0 ns) 

= 82 ns @ 15 MHz NS32CG821·25 Part 

Heavy Load 

= 89 ns + (17 ns - 15 ns) + (1 ns - 0 ns) 

= 92 ns @ 15 MHz NS32CG821·20 Part 

Heavy Load 

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

= 69 ns @ 15 MHz NS32CG821·25 Part 

Light Load 

= 81 ns + (15ns -17ns) + (1 ns - 2ns) 

= 78 ns @ 15 MHz NS32CG821·20 Part 

Light Load 

Z 

~ 



$316act ClK High to Column Address Valid 

= Data sheet Spec + (Actual tRAH -
Specified tRAH) 

= 75 ns + (17 ns - 15 ns) 

= 77 ns @ 15 MHz 

Normal-Heavy load 

NS32CG821-20 Part 

= 87 ns + (17 ns - 15 ns) 

= 89 ns @ 15 MHz 

Normal-Heavy Load 

NS32CG821-20 Part 

= 66 ns + (15 ns - 17 ns) 

= 84 ns @ 15 MHz NS32CG821-25 Part 

Light Load 

= 78 ns + (15 ns - 17 ns) 

= 78 ns @ 15 MHz NS32CG821-2Q Part 

Light Load 

ZERO WAIT STATES ANALYSIS FOR A 15 MHz 
NS32CG18 

iRAC = T2 + T3 - ClK to RAS - Transceiver 
Delay - Data Setup 

= 2Tep - $307 - !Phi - #t0l8 
= 133 ns - 26 ns - 7 ns - 15 ns 

= 85 n. NS32CG821-25 Part 

tCAC 

Normal-Heavy Load 

= 133 ns - 22 ns - 7 ns - 15 ns 

= 89 n. NS32CG821-25 Part 

Light Load 

= T2 + T3 - ClK to Column Address Valid 
- Transceiver Delay - Data Setup 

= 2Tep - $316act - tphl - #tOls 
= 133 ns - 77 ns - 7 ns - 15 ns 

= 34 n. NS32CG821-25 Part 

Normal-Heavy Load 

= 133 ns - 64 ns - 7 ns - 15 ns 

= 47ns 

Light Load 

NS32CG821-25 Part 

= T2 + T3 - ClK to CAS - Transceiver 
Delay - Data Setup 

= 2T ep - $308act - !Phi - #tOls 
= 133 ns - 82 ns - 7 ns - 15 ns 

= 29 ns NS32CG821-25 Part 

Normal-Heavy Load 

= 133 ns - 69 ns - 7 ns - 15 ns 

= 42 ns 

Light Load 

NS32C0821-25 Part 

5-8 

ONE WAIT STATE ANALYSIS FOR A 15 MHz NS32CG18 

tRAC = T2 + Tw + T3 - ClKto~-

tcAC 

Transceiver Delay - Delay Setup 

= 3Tep - $307 - !Phi - #tOls 
= 200 ns - 26 ns - 7 ns - 15 ns 

= 152 ns 

Normal-Heavy Load 

NS32CG821-25 Part 

= 200 ns - 22 ns - 7 ns - 15 ns 

= 158 ns 

Ught Load 

NS32CG821-25 Part 

= T2 + T w + T3 - ClK to Column Address 
Valid - Transceiver Delay - Data Setup 

= 3Tep - $316act - tphl - #tOls 
= 200 ns - 77 ns - 7 ns - 15 ns 

= 101 ns NS32CG821-25 Part 

Normal-Heavy Load 

= 200 ns - 64 ns - 7 ns - 15 ns 

= 114 ns, 

Light Load 

NS32CG821-25 Part 

= T2 + Tw + T3 - ClK to CAS -
Transceiver Delay - Data Setup 3T ep -
$308act - tphl - #t018 

= 200 ns - 82 ns - 7 ns - 15 ns 

= 98ns 

Normal-Heavy Load 

NS32CG821-25 Part 

= 200 ns - 69 ns - 7 ns - 15 ns 

= 109 ns 

Light Load 

NS32CG821-25 Part 

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

RAS Precharge Time 

see DRAM data sheet (usually < 100 ns) 

= T4 + T1 - CTTLtoTSOlnactive + 
[(ClK High to ~ Asserted) - ('i'SC5 
Negated to RAS Negated)) 

= 2T ep - tTSOia + $53 
= 133 ns - 10 ns + 4 ns 

= 127 ns @ 15 MHz 

for NS32CG18 

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

tRAS = Programmed Clocks - [(ClK High to 
Refresh ~ Asserted) - (CKl High to 
Refresh RAS Negated)] 

= 2Tep - $55 
= 133 ns - 6 ns 

., 127 liS @ 15 MHz 

for NS32C018 



Programming Bits* 
Bit Value Description 

R1, RO 1,0 RAS Low during Refresh = 2T 
RAS Precharge Time = 2T 

R3, R2 0,0 No Wait States during Non-Delayed Access 
1,1 One Wait State during Non-Delayed Access 

R5,R4 0,0 No Wait States during Burst 

R6 User Defined Add Wait States with WAITIN 

R9 User Defined Staggered or all RAS Refresh 

CO, C1, C2 .. Divisor for DELCLK 

C3 ... Time between Refreshes 

C6, C5, C4 User Defined Depends on User's DRAM Configurations 

C7 1 Choose tASC = 0 ns 

C8 1 Choose tRAH = 15 ns 

C9 1 Delay CAS for Write Accesses 

BO 1 Address Latches are Fall Through 

• ECASO, B1, and R7 must be programmed low and R8 must be programmed high for operation of chip. 

"Choose C2, C1, CO = 
1,0,1 for NS32CG16 @ 10 MHz 
0,1,0 for NS32CG16 @ 15 MHz, w/Heavy Load 
0,1,1 for NS32CG16 @ 15 MHz, wI Light Load 

... Choose C3 = 
o for NS32CGG16 @ 10 MHz 
1 for NS32CG16 @ 15 MHz Normal-Heavy Load 
o for NS32CG16 @ 15 MHz Light Load 
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