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National
Semiconductor

DP8408A Dynamic RAM Controller/Driver

General Description

Dynamic memory system designs, which formerly required
several support chips to drive the memory array, can now
be implemented with a single IC . .. the DP8408A Dynamic
RAM Controller/Driver. The DP8408A is capable of driving
all 16k and 64k Dynamic RAMs (DRAMs). Since the
DP8408A is a one-chip solution (including capacitive-load
drivers), it minimizes propagation delay skews, the major
performance disadvantage of multiple-chip memory drive
and control.

The DPB408A’s 6 modes of operation offer a wide selection
of DRAM control capabilities. Memory access may be con-
trolled externally or on-chip automatically; an on-chip re-
fresh counter makes refreshing less complicated.

The DP8408A is a 48-pin DRAM Controlier/Driver with 8
multiplexed address outputs and control signals. It consists
of two 8-bit address latches, an 8-bit refresh counter, and
control logic. All output drivers are capable of driving 500 pF
loads with propagation delays of 25 ns. The DP8408A tim-
ing parameters are specified driving the typical load capaci-
tance of 88 DRAMSs, inciuding trace capacitance.

The DP8408A has 3 mode-control pins: M2, M1, and MO,
where M2 is in general REFRESH. These 3 pins select 6
modes of operation. Inputs B1 and BO in the memory ac-
cess modes (M2 = 1), are select inputs which select one of
four RAS outputs. During normal access, the 8 address out-
puts can be selected from the Row Address Latch or the
Column Address Latch. During refresh, the 8-bit on-chip re-
fresh counter is enabled onto the address bus and in this
mode all RAS outputs are selected, while CAS is inhibited.

The DP8408A can drive up to 4 banks of DRAMSs, with each
bank comprised of 16k’s, or 64k’s. Control signal outputs
RAS, CAS, and WE are provided with the same drive capa-
bility. Each RAS output drives one bank of DRAMs so that
the four RAS outputs are used to select the banks, while
CAS, WE, and the multiplexed addresses can be connected
to all of the banks of DRAMs. This leaves the non-selected
banks in the standby mode (less than one tenth of the oper-
ating power) with the data outputs in TRI-STATE®. Only the
bank with its associated RAS low will be written to or read
from.

Operational Features

m All DRAM drive functions on one chip—minimizes skew
on outputs, maximizes AC performance

m On-chip capacitive-load drives (specified to drive up to

88 DRAMs)

Drive directly all 16k and 64k DRAMs

Capable of addressing 64k and 256k words

Propagation delays of 25 ns typical at 500 pF load

CAS goes low automatically after column addresses are

valid if desired

m Auto Access mode provides RAS, Row to Column,
select, then CTAS automatically and fast

m WE follows WIN unconditionally—offering READ,
WRITE or READ-MODIFY-WRITE cycles

m On-chip 8-bit refresh counter with selectable End-of-

Count (127 or 255)

End-of-Count indicated by RF 1/0 pin going low at 127

or 255

Low input on RF i/0 resets 8-bit refresh counter

CAS inhibited during refresh cycle

Fall-through latches on address inputs controlled by ADS

TRI-STATE outputs allow multi-controller addressing of

memory

= Control output signals go high-impedance logic “1”
when disabled for memory sharing

m Power-up: counter reset, control signais high, address
outputs TRI-STATE, and End-of-Count set to 127

Mode Features

® 6 modes of operation: 3 access, 1 refresh, and 2 set-up

m 2 externally controlled modes: 1 access (Mode 4) and
1 refresh (Modes 0, 1, 2)

B 2 auto-access modes RAS — R/C — CAS automatic,
with tgay = 20 or 30 ns minimum (Modes 5, 6)

m Externally controlled All-RAS Access modes for memo-
ry initialization (Mode 3)

m End-of-Count value of Refresh Counter set by B1 and
BO (Mode 7)

DP8408A Interface Between System & DRAM Banks
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Block Diagram
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TABLE i. DP8408A Mode Select Options
Mode (R;Szﬂ) M1 MO Mode of Operation Conditions
0 0 (o] 0
1 0 0 1 Externally Controlled Refresh RF 170 = EOC
2 0 1 0
3 0 1 1 Externally Controlled All-RAS Write All-RAS Active
4 1 0 0 Externally Controlled Access Active RAS defined by Table Il
5 1 (o} 1 Auto Access, Slow tran Active RAS defined by Table Il
6 1 1 0 Auto Access, Fast tray Active RAS defined by Table Il
7 1 1 1 Set End of Count See Table Il for Mode 7
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DP8408A

Pin Definitions

Vee, GND, GND—Vcc = 5V 1£5%. The three supply pins
have been assigned to the center of the package to reduce
voltage drops, both DC and AC. There are also two ground
pins to reduce the low level noise. The second ground pin is
located two pins from Vg, so that decoupling capacitors
can be inserted directly next to these pins. It is important to
adequately decouple this device, due to the high switching
currents that will occur when all 8 address bits change in the
same direction simultaneously. A recommended solution
would be a 1 uF multilayer ceramic capacitor in parallel with
a low-voltage tantalum capacitor, both connected as close
as possible to pins 36 and 38 to reduce lead inductance.

See Figure below.
'uluuu.mreuI *TANTALUM
CERAMIC T |
TL/F/8408-3

*Capacitor values should be chosen depending on the particular application.
RO-R7: Row Address Inputs.

C0-C7: Column Address Inputs.

Q0-Q7: Multiplexed Address Outputs—Selected from
the Row Address Input Latch, the Column Address Input
Latch, or the Refresh Counter.*

RASIN: Row Address Strobe Input—Enables selected
RAS, output when M2 (RFSH) is high, or all RAS,, outputs
when RFSH is low.

R/C: Row/Column Select Input—Selects either the row or
column address input latch onto the output bus.

CASIN: Column Address Strobe Input—Inhibits CAS out-
put when high in Modes 4 and 3. In Mode 6 it can be used to
prolong CAS output.

ADS: Address (Latch) Strobe Input—Row Address, Col-
umn Address, and Bank Select Latches are fall-through with
ADS high; Latches on high-to-low transition.

CS: Chip Select Input—TRI-STATE the Address Outputs
and puts the control signal into a high-impedance logic “1”
state when high (except in Mode 0); enables all outputs
when low.

MO, M1, M2: Mode Control inputs—These 3 contro! pins
determine the 6 major modes of operation of the DP8408A
as depicted in Table I.

RF 1/0—The 1/0 pin functions as a Reset Counter Input
when set low from an external open-collector gate, or as a
flag output. The flag goes active-low when M2 = 0 and the
End-of-Count output is at 127 or 255 (see Table ).

Vee (PIN 36) O

GND (PINS 38, 13) Ow

WIN: Write Enable Input.

WE: Write Enable Output—Buffered output from WIN.*
CAS: Column Address Strobe Output—In Modes 5 and 6,
CAS goes low foliowing valid column address. In Modes 3
and 4, it transitions low after R/C goes low, or follows
CASIN going low if R/C is aiready low. CAS is high during
refresh.*

RAS 0-3: Row Address Strobe Outputs—Selects a mem-
ory bank decoded from B1 and BO (see Table Il), if RFSH is
high. If RFSH is low, all banks are selected.*

BO, B1: Bank Select Inputs—Strobed by ADS. Decoded to
enable one of the RAS outputs when RASIN goes low. Also
used to define End-of-Count in Mode 7 (Table IlI).

*These outputs may need damping resistors to prevent overshoot, under-
shoot. See AN-305 *“‘Precautions to Take When Driving Memories.”

TABLE IIl. Memory Bank Decode

Bank Select
(Strobed by ADS) Enabled RAS,
B1 BO
0 0 RASg
0 1 RAS,
1 0 RAS;
1 1 R 33

Connection Diagram
Dual In-Line Package

NC = No Connection TL/F/B408-4

Top View

Order Number DP8408AD, DP8408AN or DP8408AN-3
See NS Package Number D48A or N48A
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Conditions for all Modes

INPUT ADDRESSING

The address block consists of a row-address latch, a column-
address latch, and a resettabie refresh counter. The ad-
dress latches are fall-through when ADS is high and latch
when ADS goes low. If the address bus contains valid ad-
dresses until after the valid address time, ADS can be per-
manently high. Otherwise ADS must go low while the ad-
dresses are still valid.

In normal memory access operation, RASIN and R/C are
initially high. When the address inputs are enabled into the
address latches, the row addresses appear on the Q out-
puts. The address strobe also inputs the bank-select ad-
dress, (BO and B1). If CS is low, all outputs are enabled
When CS is transitioned high, the address outputs go TRI-
STATE and the control outputs first go high through a low
impedance, and then are held by an on-chip high imped-
ance. This allows output paralleling with other DP8408As for
multi-addressing. All outputs go active about 50 ns after the
chip is selected again. If TS is high, and a refresh cycle
begins, all the outputs become active until the end of the
refresh cycle.

DRIVE CAPABILITY

The DP8408A has timing parameters that are specified with
up to 600 pF loads. In a typical memory system this is equiv
alent to about 88, 5V-only DRAMSs, with trace lengths kept
to a minimum. Therefore, the chip can drive four banks each
of 16 or 22 bits, or two banks of 32 or 39 bits, or one bank of
64 or 72 bits.

Less loading will slightly reduce the timing parameters, and
more loading will increase the timing parameters, according
to the graph of Figure 6. The AC performance parameters
are specified with the typical load capacitance of 88
DRAMs. This graph can be used to extrapolate the varia-
tions expected with other loading.

Because of distributed trace capacitance and inductance:
and DRAM input capacitance, current spikes can be creat-
ed, causing overshoots and undershoots at the DRAM in
puts that can change the contents of the DRAMs or even
destroy them. To remove these spikes, a damping resistor
(low inductance, carbon) can be inserted between the
DP8408A driver outputs and the DRAMS, as close as possi-
ble to the DP8408A. The values of the damping resistors
may differ between the different control outputs; RAS's
CAS, Q's and WE. The damping resistors should be deter
mined by the first prototypes (not wire-wrapped due to larg-
er distributed capacitance and inductance). The best values
for the damping resistors are the critical values giving a crit:
ically damped transition on the control outputs. Typical val-
ues for the damping resistors will be between 150 and
10002, the lower the loading the higher the value. (For more
information, see AN-305 “‘Precautions to Take When Driv-
ing Memories.”)

DP8408A DRIVING ANY 16K OR 64K DRAMS

The DP8408A can drive any 16k or 64k DRAMSs. All 16k
DRAMSs are basically the same configuration, including the
newer 5V-only version. Hence, in most applications, differ-
ent manufacturers’ DRAMs are interchangeabie (for the
same supply-rail chips), and the DP8408A can drive all 16k
DRAMS (see Figure 1a).

There are three basic configurations for the 5V-only 64k
DRAMs: a 128-row by 512-column array with an on-RAM
refresh counter, a 128-row by 512-column array with no on-
RAM refresh counter, and a 256-row by 256-column array
with no on-RAM refresh counter. The DP8408A can drive all
three configurations, and at the same time allows them all to
be interchangeable (as shown in Figure 7b and 7¢), provid-
ing maximum flexibility in the choice of DRAMs. Since the
8-bit on-chip refresh counter can be used as a 7-bit refresh
counter for the 128-row configuration, or as an 8-bit refresh
counter for the 256-row configuration, the on-RAM refresh
counter (if present) is never used. As long as 128 rows are
refreshed every 2 ms (i.e. 256 rows in 4 ms) all DRAM types
are correctly refreshed.

When the DP8408A is in a refresh mode, the RF |I/0 pin
indicates that the on-chip refresh counter has reached its
end-of-count. This end-of-count is selectable as 127 or 255
to accommodate 16k or 64k DRAMSs, respectively. Although
the end-of-count may be chosen to be either of these val-
ues, the counter is not reset and always counts to 255 be-
fore rolling over to zero.

READ, WRITE AND READ-MODIFY-WRITE CYCLES

The output signal, WE, determines what type of memory
access cycle the memory will perform. If WE is kept high
while CAS goes low, a read cycle occurs. If WE goes low
before CAS goes low, a write cycle occurs and data at DI
(DRAM input data) is written into the DRAM as CAS goes
low. If WE goes low later than towp after CAS goes low, first
a read occurs and DO (DRAM output data) becomes valid;
then data Dl is written into the same address in the DRAM
when WE goes low. In this read-modify-write case, DI and
DO cannot be linked together. The type of cycle is therefore
controlled by WE, which foliows WIN.

POWER-UP INITIALIZE

When V¢ is first applied to the DP8408A, an initialize pulse
clears the refresh counter, the internal control flip-flops, and
sets the End-of-Count of the refresh counter to 127 (which
may be changed via Mode 7). As Vg increases to about
2.3V, it holds the output control signals at a level of one
Schottky diode-drop below V¢, and the output address to
TRI-STATE. As Vg increases above 2.3V, control of these
outputs is granted to the system.
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DP8408A

DP8408A Driving any 16k or 64k Dynamic RAMs
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TL/F/8408-5

TL/F/8408-6

TL/F/8408-7

1-8

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003




Functional Mode Descriptions

Note: All delay parameters stated in text refer to the DP8408A. Substitute
the respective delay numbers for the DP8408-2 or DP8408-3 wher
using these devices.

MODES 0, 1, 2— EXTERNALLY CONTROLLED
REFRESH

In this mods, the input address latches are disabled from
the address outputs and the refresh counter is enabled.
When RAS occurs, the enabled row in the DRAM is re-
freshed. In the Externally Controlled Refresh mode, all RAS
outputs are enabled following RASIN, and CAS is inhibited.
This refreshes the same row in all four banks. The refresh
counter increments when either RASIN or RFSH goes low-
to-high after a refresh. RF I/0 goes low when the count is
127 or 255, as set by End-of-Count (see Table ), with
RASIN and RFSH low. To reset the counter to all zeros, RF
170 is set low through an external open-collector driver.

During refresh, RASIN and RFSH must be skewed tran-
sitioning low such that the refresh address is valid on the
address outputs of the controller before the RAS outputs go
low. The amount of time that RFSH should go low before
RASIN does depends on the capacitive loading of the ad-

dress and RAS lines. For the load specified in the switching
characteristics of this data sheet, 10 ns is sufficient. Refer
to Figure 2.

To perform externally controlled burst refresh, RASIN is tog-
gled while RFSH is held low. The refresh counter incre-
ments with RASIN going low to high, so that the DRAM rows
are refreshed in succession by RASIN going high to low.

MODE 3 — EXTERNALLY CONTROLLED
ALL-RAS WRITE

This mode is useful at system initialization. The memory ad-
dress is provided by the processor, which also performs the
incrementing. All four RAS outputs follow RASIN (supplied
by the processor), strobing the row address into the
DRAMs. R/CT can now go low, while CASIN may be used to
control CAS (as in the Externally Controlled Access mods),
so that CAS strobes the column address contents into the
DRAMSs. At this time WE should be low, causing the data to
be written into all four banks of DRAMSs. At the end of the
write cycle, the input address is incremented and latched by
the DPB408A for the next write cycle.

* INDICATES DYNAMIC RAM PARAMETERS
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FIGURE 2. External Control Refresh Cycle (MODES 0, 1, 2)
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DP8408A

Functional Mode Descriptions (continued)

MODE 4 — EXTERNALLY CONTROLLED ACCESS

This mode facilitates externally controlling all access-timing
parameters associated with the DRAMs. The application of
modes 0 and 4 are shown in Figure 3.

Output Address Selection

Refer to Figure 4a. With M2 (RFSH) and R/C high, the row
address latch contents are transferred to the multiplexed
address bus output Q0-Q7, provided TS is set low. The
column address latch contents are output after R/C goes
low. RASIN can go low after the row addresses have been
set up on QO-Q7. This selects one of the RAS outputs,
strobing the row address on the Q outputs into the desired
bank of memory. After the row-address hold-time of the
DRAMSs, R/C can go low so that about 40 ns later column
addresses appear on the Q outputs.

*Resistors required depends
on DRAM load.

DRAMs MAYBE 16k, 64k

Automatic CAS Generation

in a normal memory access cycle CAS can be derived from
inputs CASIN or R/C. If CASIN is high, then R/C going low
switches the address output drivers from rows to columns.
CASIN then going low causes CAS to go low approximately
40 ns later, allowing CAS to occur at a predictable time (see
Figure 4b). |f CASIN is low when R/C goes low, CAS will be
automatically generated, following the row to column tran-
sition by about 20 ns (see Figure 4a). Most DRAMs have a
column address set-up time before CAS (tagc) of O ns or
—10 ns. In other words, a tagc greater than 0 ns is safe.
This feature reduces timing-skew problems, thereby improv-
ing access time of the system.

Fast Memory Access

AC parameters tpiF1, tpiF2 may be used to determine the
minimum delays required between RASIN, R/C, and CASIN
(see Application Brief 9; “Fastest DRAM Access Mode™).

L 2
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+6 CHECK BITS FOR ECC.
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+7 CHECK BITS FOR ECC. has
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| % A0-6. 7
e ———— 1
INPUT CAS l———> CasII Ras 3 W
ALE f————————>| ADS RAS 2 pWV —
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FIGURE 3. Typical Application of DP8408A Using Externally Controlled Access and Refresh in Modes 0 and 4
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Timing Diagrams
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Functional Mode Descriptions continued)

MODE 5—AUTOMATIC ACCESS

The Auto Access mode has two advantages over the Exter-
nally Controlled Access mode, due to the fact that all out-
puts except WE are initiated from RASIN. First, inputs R/C
and CASIN are unnecessary. Secondly, because the output
control signals are derived internally from one input signal
(RASIN), timing-skew problems are reduced, thereby reduc-
ing memory access time substantially or allowing use of
slower DRAMs. The automatic access features of Mode 5
(and Mode 6) of the DP8408A make DRAM accessing ap-
pear essentially ‘'static”.

AUTOMATIC ACCESS CONTROL

The major disadvantage of DRAMs compared to static
RAMs is the complex timing invoived. First, a RAS must
occur with the row address previously set up on the muiti-

DP8408A

Timing Diagram

plexed address bus. After the row address has been heid
for traH, (the Row-Address hold-time of the DRAM), the
column address is set up and then CAS occurs. This is all
performed automatically by the DP8408A in this mode.

Provided the input address is valid as ADS goes low, RASIN
can go low any time after ADS. This is because the selected
RAS occurs typically 27 ns later, by which time the row ad-
dress is already valid on the address output of the
DPB8408A. The Address Setup-Up time (tasg), is 0 ns on
most DRAMs. The DP8408A in this mode (with ADS and
RASIN edges simultaneously applied) produces a minimum
tasr of 0 ns. This is true provided the input address was
valid tasa before ADS went low (see Figure 5a).

Next, the row address is disabled after tgan (30 ns mini-
mum); in most DRAMs, tgan minimum is less than 30 ns.
The column address is then set up and tasc later, CAS
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FIGURE 5a. Modes 5, 6 Timing
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Functional Mode Descriptions (continued)

v80v8dd

occurs. The only other control input required is WIN. When fast 16k or 64k DRAMSs (which have a tgan of 10 ns to 15
a write cycle is required, WIN must go low at least 30 ns ns) in applications requiring fast access times; RASIN to
before CAS is output low. CAS is typically 105 ns.

This gives a total typical delay from: input address valid to In this mode, the R/C pin is not used, but CASIN is used to
RASIN (15 ns); to RAS (27 ns); to rows held (50 ns); to allow an extended CAS after RAS has already terminated.
columns valid (25 ns); to CAS (23 ns) = 140 ns (that is, 125 Refer to Figure 5b. This is desirable with fast cycle-times
ns from RASIN. All of these typical figures are for heavy where RAS has to be terminated as soon as possible before
capacitive loading, of approximately 88 DRAMs. This mode the next RAS begins (to meet the precharge time, or tgp,
is therefore extremely fast. The external timing is greatly requirements of the DRAM). CAS may then be held low by
simplified for the memory system designer: the only system CASIN to extend the data output valid time from the DRAM
signal required is RASIN. to allow the system to read the data. CASIN subsequently

going high ends CAS. If this extended CAS is not required,

MODE 6—FAST AUTOMATIC ACCESS CASIN should be set high in Mode 6.

The Fast Access mode is similar to Mode 5, but has a faster
tran of 20 ns, minimum. It therefore can only be used with

Timing Diagram
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FIGURE 5b. Mode 6 Timing, Extended CAS
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DP8408A

Functional Mode Descriptions (Continued)

MODE 7—SET END-OF-COUNT

The End-of-Count can be externally selected in Mode 7,
using ADS to strobe in the respective value of B1 and BO
(see Table Ill). With B1 and BO the same EOC is 127; with
B1=0 and BO=1, EOC is 255; and with B1=1 and B0=0,
EOC is 127. This selected value of EOC will be used until
the next Mode 7 selection. At power-up the EOC is automat-
ically set to 127 (B1 and BO set to 11).

TABLE Ill. Mode 7

(stra:::ds:;e::,s) Enge?;é::: "
B1 BO

5 0 127

o 1 258

, 0 127

1 1 127

Absolute Maximum Ratings (Note 1)
If Military/Aerospace specified devices are required,

CoF

Maximum Power Dissipation* at 25°C

1000

TL/F/8408-14
FIGURE 6. Change in Propagation Delay vs. Loading
Capacitance Relative to a 500 pF Load

contact the National Semiconductor Sales Office/ Cavity Package 3542 mW
Distributors for availability and specifications. Molded Package 2833 mW
Supply Voltage, Vce 7.0V .

Storage Temperature Range —65°Cto +150°C Operating Conditions

Input Voltage 5.5V Min Max Units
Output Current 150 mA Vcoc  Supply Voltage 475 5.25 v
Lead Temperature (Soldering, 10 sec) 300°C Ta Ambient Temperature 0 +70 °c
*Derate cavity package 23.6 mW/°C above 25°C; derate molded package

22.7 mW/°C above 25°C.

Electrical Characteristics Voo = 5.0V £5%, 0°C < Tp < 70°C (unless otherwise noted) (Notes 2, 6)

Symbol Parameter Conditions Min Typ Max Units
Ve Input Clamp Voitage Vee = Min,, I = —12mA —-0.8 —1.2 Vv
liHt Input High Current for ADS, R/C only ViN = 2.5V 2.0 100 BA
liH2 Input High Current for All Other Inputs*® ViN = 25V 1.0 50 nA
1RSI Output Load Current for RF 1/0 VIN = 0.5V, Output High -1.5 —-25 mA
L CTL Output Load Current for RAS, CAS, WE V|n = 0.5V, Chip Deselect —-1.5 —-25 mA
Lt input Low Current for ADS, R/C only Vin = 0.5V —-0.1 -1.0 mA
L input Low Current for All Other Inputs* VN = 0.5V —0.05 —-0.5 mA
ViL input Low Threshold 0.8 \
VIH Input High Threshold 2.0 \
Voui Output Low Voitage* loL = 20mA 03 0.5 \'
VoLz Output Low Voltage for RF I/0O loL = 10mA 0.3 0.5 \'J
Voh1 Output High Voltage* loH = —1mA 2.4 3.5 "
Vonz Output High Voltage for RF 1/0 loH = — 100 pA 2.4 3.5 \
lip Output High Drive Current* Vout = 0.8V (Note 3) —200 mA
lop Output Low Drive Current* Vout = 2.7V (Note 3) 200 mA
loz TRI-STATE Output Current 0.4V < Vour < 2.7V, _

(Address Outputs) TS = 2.0V, Mode 4 50 1.0 so pA
lcc Supply Current Vce = Max. 210 285 mA
*Except RF 170 Output.
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Switching Characteristic DP8408A/DP8408-3

Vee = 5.0V £5%, 0°C < Ta < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 banks

of 22 DRAMs each of 88 DRAMSs including trace capacitance. These values are: Q0-Q7, C_ = 500 pF; RAS0-RAS3, C| = 150 pF;

WE, C|_ = 500 pF; TAS, C__ = 600 pF, unless otherwise noted. See Figure 7 for test load. Switches S1 and S2 are closed unless

otherwise noted, and R1 and R2 are 4.7 k) unless otherwise noted. Maximum propagation delays are specified with all outputs

switching.
Symbol Access Parameter Conditions 8408A 8408-3 Units

Min | Typ | Max | Min | Typ | Max

tRiCL RASIN to CAS Output Delay (Mode 5) Figure 5a 95 | 125 | 160 | 95 | 125 | 185 ns
tRICL RASIN to CAS Output Delay (Mode 6) Figures 5a, 5b 80 | 105 | 140 | 80 | 105 | 160 ns
tRICH RASIN to CAS Output Delay (Mode 5) Figure 5a 40 | 48 60 40 | 48 70 ns
tRICH RASIN to CAS Output Delay (Mode 6) Figures 5a, 5b 50 | 63 | 80 | 50 | 63 | 95 ns
tRcoL RAS to CAS Output Delay (Mode 5) Figure 5a 98 | 125 98 | 145 | ns
tRCDL RAS to CAS Output Delay (Mode 6) Figures 5a, 5b 78 | 105 78 | 120 ns
tRCDH RAS to CAS Output Delay (Mode 5) Figure 5a 27 40 27 40 ns
tRCDH RAS to CAS Output Delay (Mode 6) Figure 5a 40 | 65 40 | 65 ns
tCCDH CASIN to CAS Output Delay (Mods 6) Figure 5b 40 | 54 | 70 | 40 | 54 | 80 ns
tRAH Row Address Hold Time (Mode 5) Figure 5a 30 30 ns
tRAH Row Address Hold Time (Mode 6) Figures 5a, 5b 20 20 ns
tasc Column Address Setup Time (Mode 5) Figure 5a 8 ns
tasc Column Address Setup Time (Mode 6) Figures 5a, 5b 6 ns
trcv RASIN to Column Address Valid (Mode 5) Figure 5a 90 | 120 90 | 140 | ns
tRov RASIN to Column Address Valid (Mode 6) Figures 5a, 5b 75 | 105 75 | 120 ns
tRPDL RASIN to RAS Delay Figures 4a, 4b, 53,56 | 20 | 27 | 35 | 20 | 27 40 ns
tRPDH RASIN to RAS Delay Figures 4a, 4b, 5a, 5b | 15 | 23 32 15 | 23 37 ns
taPDL Address Input to Output Low Delay Figures 4a, 4b, 5a, 5b 25 40 25 46 ns
tAPDH Address Input to Output High Delay Figures 4a, 4b, 5a, 5b 25 40 25 46 ns
tsppL Address Strobe to Address Output Low Figures 4a, 4b, 40 60 40 70 ns
tSPDH Address Strobe to Address Output High Figures 4a, 4b, 40 60 40 70 ns
tasa Address Setup Time to ADS Figures 4a, 4b, 58, 5b | 15 15 ns
tAHA Address Hold Time from ADS Figures 4a, 4b, 5a, 5b | 15 15 ns
taDs Address Strobe Pulse Width Figures 4a, 4b, 5a, 5b | 30 30 ns
twepL | WIN to WE Output Delay Figure 4b 15 | 25 | 30 | 15 | 25 | 35 ns
twPDH WIN to WE Output Delay Figure 4b 15 30 60 15 30 70 ns
tcrRs CASIN Setup Time to RASIN High (Mode 6) | Figure 5b 35 35 ns
tcPDL CASIN to CAS Delay (R/C low in Mode 4) Figure 4b 32 | 41 68 | 32 | 41 77 ns
tCPDH CASIN to CAS Delay Figure 4b 25 | 39 50 | 25 | 39 60 ns
tRce Column Select to Column Address Valid Figure 4a 40 58 40 67 ns
tRCR Row Select to Row Address Valid Figures 4a, 4b 40 58 40 67 ns
tRHA Row Address Held from Column Select Figure 4a 10 10 ns
tccas R/C Low to CAS Low (Mode 4 Auto CAS) Figure 7a 65 90 ns
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DP8408A

Switching Characteristics DP8408A/DP8408-3 (Continued)

Voo = 5.0V £5%, 0°C < Ta < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMSs each of 88 DRAMs including trace capacitance. These values are: Q0-Q7, C_ = 500 pF; RAS0-RAS3, C| = 150 pF;
WE, C_ = 500 pF; CAS, C_ = 600 pF, unless otherwise noted. See Figure 7 for test load. Switches S1 and S2 are closed unless
otherwise noted, and R1 and R2 are 4.7 k{2 unless otherwise noted. Maximum propagation delays are specified with all outputs

switching.
Symbol Access Parameter Conditions 8408A 8408-3 Units
Min | Typ | Max | Min | Typ | Max
toiF1 Maximum (trppL — tRHA) See Mode 4 description 13 18 ns
tpiF2 Maximum (trcc — tcppl) See Mode 4 description 13 18 ns
Refresh Parameter
tRC Refresh Cycle Period Figure 2 100 100 ns
tRASINL, H | Pulse Width of RASIN during Refresh Figure 2 50 50 ns
tRFPDL RASIN to RAS Delay during Refresh Figure 2 35 50 70 35 50 80 ns
tRFPDH RASIN to RAS Delay during Refresh Figure 2 30 40 55 30 40 65 ns
tRFLCT RFSH Low to Counter Address Valid CS = X, Figure 2 47 60 47 70 ns
tRFHRV RFSH High to Row Address Valid Figure 2 45 60 45 70 ns
tROHNC RAS High to New Count Valid Figure 2 30 55 30 55 ns
tRLEOC RASIN Low to End-of-Count Low CL = 50 pF, Figure 2 80 80 ns
tRHEOC RASIN High to End-of-Count High C_ = 50 pF, Figure 2 80 80 ns
trsT Counter Reset Pulse Width Figure 2 70 70 ns
tcTL RF i/0 Low to Counter Outputs All Low Figure 2 100 100 ns
TRI-STATE Parameter
tzn TS Low to Address Output High from Hi-Z | Figure 8
R1 = 3.5k, R2 = 1.5k 3 | 60 3 | 60 | ns
tHz S High to Address Output Hi-Z from High | C| = 15 pF, Figure 8 20 40 20 40 ns
R2 = 1k, S1 open
tz1 CS Low to Address Output Low from Hi-Z | Figure 8
R1 = 3.5k R2 = 1.5k 35 | 60 3 | 60 | ns
tz S High to Address Output Hi-Z from Low | C_ = 15 pF, Figure 8 25 50 25 50 ns
R1 = 1k, S2 open
tHzH CS Low to Control Output High from Figure 8
Hi-Z High R2 = 7509, S1 open 50 | 80 50 | 80 | ns
tHHzZ CS High to Control Output Hi-Z High CL = 15pF, Figure 8
from High R2 = 7500, S1 open 40 1 78 401 78 | ns
tHzL CS Low to Control Qutput Low from Figure 8
Hi-Z High S1, S2 open 45 75 45 78 ns
tLHz CS High to Control Output Hi-Z High CL = 15pF, Figure 8,
from Low R2 = 7509, S1 open 50 | 80 50 | 80 | ns
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Switching Characteristics DP8408-2
Voe = 5.0V 5%, 0°C < Tp < 70°C unless otherwise noted (Notes 2, 4, 5, 7). The output load capacitance is typical for 4
banks of 22 DRAMs each or 88 DRAMS including trace capacitance. These values are: Q0-Q7, C = 500 pF; RAS0-RAS3, C
= 150 pF, WE, C = 500 pF; CAS, C, = 600 pF, unless otherwise noted. See Figure 7 for test load. Switches S1 and S2 are
closed unless otherwise noted, and R1 and R2 are 4.7 k2 unless otherwise noted. Maximum propagation delays are specified
with all outputs switching.
Symbol Access Parameter Conditions 8408-2 Units
Min Typ Max
tRiCL RASIN to CAS Output Delay (Mode 5) Figure 5a 75 100 130 ns
tRicL RASIN to CAS Output Delay (Mode 6) Figures 5a, 5b 65 90 115 ns
tRiICH RASIN to CAS Output Delay (Mode 5) Figure 5a 40 48 60 ns
tRICH RASIN to CAS Output Delay (Mode 6) Figures 5a, 8b 50 63 80 ns
tRCDL RAS to CAS Output Delay (Mode 5) Figure 5a 75 100 ns
tRcDL RAS to CAS Output Delay (Mode 6) Figures 5a, 5b 65 85 ns
tRCDH RAS to CAS Output Delay (Mode 5) Figure 5a 27 40 ns
tRCDH RAS to CAS Output Delay (Mode 6) Figure 5a 40 65 ns
tCCDH CASIN to CAS Output Delay (Mode 6) Figure 5b 40 54 70 ns
tRAH Row Address Hold Time (Mode 5) (Note 7) Figure 5a 20 ns
tRAH Row Address Hold Time (Mode 6) (Note 7) Figures 5a, 5b 12 ns
tasc Column Address Setup Time (Mode 5) Figure 5a 3 ns
tasc Column Address Setup Time (Mode 6) Figures 5a, 8b 3 ns
tRov RASIN to Column Address Valid (Mode 5) Figure 5a 80 105 ns
trcv RASIN to Column Address Valid (Mode 6) Figures 5a, 5b 70 90 ns
tRPDL RASIN to RAS Delay Figures 4a, 4b, 5a, 5b 20 27 35 ns
tRPDH RASIN to RAS Delay Figures 4a, 4b, 5a, 5b 15 23 32 ns
tAPDL Address Input to Output Low Delay Figures 4a, 4b, 5a, 5b 25 40 ns
tAPDH Address Input to Output High Delay Figures 4a, 4b, 5a, 5b 25 40 ns
tspDL Address Strobe to Address Output Low Figures 4a, 4b 40 60 ns
tspDH Address Strobe to Address Output High Figures 4a, 4b 40 60 ns
tASA Address Set-up Time to ADS Figures 4a, 4b, 5a, 5b 15 ns
tAHA Address Hold Time from ADS Figures 4a, 4b, 5a, 5b 15 ns
taDs Address Strobe Pulse Width Figures 4a, 4b, 5a, 5b 30 ns
twpDL WIN to WE Output Delay Figure 4b 15 25 30 ns
twPDH WIN to WE Output Delay Figure 4b 15 30 60 ns
tcRs CASIN Set-up Time to RASIN High (Mode 6) Figure 5b 35 ns
tcPoL CASIN to CAS Delay (R/C low in Mode 4) Figure 4b 32 41 58 ns
topoH CASIN to CAS Delay (R/C low in Mode 4) Figure 4b 25 39 50 ns
tRce Column Select to Column Address Valid Figure 4a 40 58 ns
tRCR Row Select to Row Address Valid Figures 4a, 4b 40 58 ns
tRHA Row Address Held from Column Select Figure 4a 10 ns
tocas R/C Low to CAS Low (Mode 4 Auto CAS) Figure 7a 55 75 ns
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DP8408A

Switching Characteristics DP8408-2 (continued)
Voo = 5.0V £5%, 0°C < Ta < 70°C unless otherwise noted (Notes 2, 4, 5, 7). The output load capacitance is typical for 4
panks of 22 DRAMSs each or 88 DRAMS including trace capacitance. These values are: Q0-Q7, C = 500 pF; RAS0-RAS3, C_
= 150 pF, WE, C_ = 500 pF; CAS, C_ = 600 pF, unless otherwise noted. See Figure 7 for test load. Switches $1 and S2 are
closed unless otherwise noted, and R1 and R2 are 4.7 k2 unless otherwise noted. Maximum propagation delays are specified
with all outputs switching.

8408-2

Symbol Access Parameter Conditions Units
Min Typ Max
toiF1 Maximum (trppL — tRHA) See Mode 4 description 13 ns
toiF2 Maximum (trcc — tcrpL) See Mode 4 description 13 ns
Refresh Parameter
tRe Refresh Cycle Period Figure 2 100 ns
tRASINL, H Pulse Width of RASIN during Refresh Figure 2 50 ns
tRFPDL RASIN to RAS Delay during Refresh Figure 2 35 50 70 ns
tRFPDH RASIN to RAS Delay during Refresh Figure 2 30 40 55 ns
tRFLCT RFSH Low to Counter Address Valid CS = X, Figure 2 47 60 ns
tRFHRV RFSH High to Row Address Valid Figure 2 45 60 ns
tROHNG RAS High to New Count Valid Figure 2 30 55 ns
tRLEOC RASIN Low to End-of-Count Low C_ = 50 pF, Figure 2 80 ns
tRHEOC RASIN High to End-of-Count High Cp = 50 pF, Figure 2 80 ns
tRsT Counter Reset Pulse Width Figure 2 70 ns
toTL RF 1/0 Low to Counter Outputs All Low Figure 2 100 ns
TRI-STATE Parameter
tzH CS Low to Address Output High from Hi-Z Figures 9, 12 35 60 ns
R1 = 3.5k, R2 = 1.5k
tHz CS High to Address Output Hi-Z from High CL = 15pF, Figures 9, 12
20 40 ns
R2 = 1k, S1 open
tzL CS Low to Address Output Low from Hi-Z Figures 9, 12 35 60 ns
R1 = 3.5k, R2 = 1.5k
Lz CS High to Address Output Hi-Z from Low CL = 15pF, Figures 9, 12
25 50 ns
R1 = 1k, S2 open
thzH CS Low to Control Output High from Figures 9, 12 50 80 ns
Hi-Z High R2 = 7509, S1 open
tHHZ CS High to Control Output Hi-Z High Cy = 15 pF, Figures 9, 12 40 75 ns
from High R2 = 7500, St open
tHzL CS Low to Control Output Low from Figure 12, 45 75 ns
Hi-Z High S1, S2 open
tLHZ CS High to Control Output Hi-Z High C = 15 pF, Figure 12, 50 80 ns
from Low R2 = 7509, S1 open
1-18
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Input Capacitance T, = 25:C (Notes 2, 6)

Symbol Parameter Conditions Min Typ Max Units
CiN Input Capacitance ADS, R/C 8 pF
CiN Input Capacitance All Other Inputs 5 pF

v80¥8dd

Note 1: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
shouid be operated at these limits. The table of “Electrical Characteristics’ provides conditions for actual device operation.

Note 2: All typical values are for To = 25°C and Vec = 5.0V.

Note 3: This test is provided as a monitor of Driver output source and sink current capability. Caution should be exercised in testing this parameter. In testing these
parameters, a 15Q resistor should be placed in series with each output under test. One output should be tested at a time and test time should not exceed 1 second.

Note 4: Input pulse 0V to 3.0V, tg = tg = 2.5 ns, f = 2.5 MHz, tpyy = 200 ns. Input reference point on AC measurements is 1.5V. Output reference points are 2.7V
for High and 0.8V for Low.

Note 5: The load capacitance on RF 1/0 should not exceed 50 pF.
Note 6: Applies to ail DPB408A versions unless otherwise specified.
Note 7: The DP8408-2 device can only be used with memory devices that meet the tgay Specification indicated.

OUTPUT Ry
UNDER
TEST 15Q

TEST POINT

TL/F/8408-15
FIGURE 7. Output Load Circuit

Timing Waveform

30v
NPUT e
w
thz
tHHZ|=—
voL.ﬁ—}-n.sv
ouTPUT o I (! I‘”v HIGH 2
*!lmzc—
Wz
TL/F/8408-16
FIGURE 8

Applications

If external control is preferred, the DP8408A may be used in
Modes 0 or 4, as in Figure 3.

If basic auto access and refresh are required, then in cases
where the user requires the minimum of external complexity,
Modes 0 and 5 are ideal, as shown in Figure 9a. The
DP843X2 is used to provide proper arbitration between
memory access and refresh. This chip supplies all the nec-
essary control signals to the processor as well as the
DP8408A. Furthermore, two separate CAS outputs are also

included for systems using byte-writing. The refresh clock
RFCK may be divided down from either RGCK using an IC
counter such as the DM74LS393 or better still, the
DP84300 Programmable Refresh Timer. The DP84300 can
provide RFCK periods ranging from 15.4 us to 15.6 ps
based on the input clock of 2 to 10 MHz. Figure 9b shows
the general timing diagram for interfacing the DP8408A to
different microprocessors using the interface controller
DP843X2.
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Applications (continued)

16-BIT MICROPROCESSOR OATA BUS

DP8408A

FIGURE 9a. Connecting the DP8408A between the 16-Bit Microprocessor and Memory

3 MICROPROCESSOR ADDAESS BUS RAMS MAY BE 16k OR 64k r———] T “ P
DATA / o N RAM ADDRESS BUS
ACDR i ro-6.7 -7 P n0-6.7
€0-6.7 r—
ADDRESS
DECODER L
80
s
ADDR
STROBE Aos
cLocK RFCK f—— —
MICROPROCESSOR OFssa%0
! RS2
il OPBAOSA
WAS1
N SELECT Wi o
UPPER BYTE L
LOWER BYTE 3 l WAIT
| gt
WAIT 4 0PBAXX2
CAS =y
TTHE SELECT WAIT INPUT s ' we
£
0 THE DPB43X2 CHIP RFI/0 M2 M1 MO
INSERTS A WAIT STATE RN
DURING ACCESSING. xr
THIS IS NECESSARY
FOR VERY FAST MICRO- A oM
PROCESSORS CASU SELECT UPPER BYTE 74S204
NECESSARY IF INSTRUCTIONS INCLUDE LCASL_SELECT LOWER BYTE
BYTE-WRITING. OTHERWISE USE u:s DIRECTLY
FROM THE DPB40BA TO THE RAMS, NECESSARY IF MORE THAN ONE BANK —>-

TL/F/8408-17
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Applications (continueq)

(ELSEWNEIE

HIDDEN FORCED
REFRESH ™™ | REFRESH "_
ACCESS
|~usnoav CYCLE o|~— ELSEWHERE — ]o—nzuon CYCLE —»|=—— MEMORY CYCLE ——-‘
@—LICLE DPB4300 MINIMIZES LOW TIME TO
RFCK 20 CLOCKS MAXIMIZING CHANCE OF
HIDDEN REFRESH
& SELECTING

\
. }_F TI'/G'—Ll

- —

DP8408A OUTPUTS

NS outputs \E SEL'D ] ~ ALL I

*T 1S MICROPROCESSOR'S CLOCK PERIOD

FIGURE 9b. DP8408A Auto Refresh

TL/F/8408-18
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