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Figure 1. 745409 Functional Block Diagram
GENERAL DESCRIPTION

The 745409 is a Multi-Mode Dynamic RAM Controller/Driver
capable of directly driving up to 88 DRAMs. 20 address lines
to the 745409 allow it to address up to 1M words and it can
drive 16K, 64K and 256K DRAMs. Since the 745409 is a
one-chip solution (including capacitive-load drivers), it min-
imizes propagation delay skews, and saves board space.

The 745409's 8 operating modes offer externally-controiled
or on-chip automatic access and refresh. An on-chip refresh
counter makes refreshing (either externally or automatically
controlled) less complicated; and automatic memory initiali-
zation is both simple and fast.

The 745409 is a 48-pin DRAM Controller/Driver with 9 multi-
plexed address outputs and 6 control signals. It consists of
two 9-bit address latches, a 9-bit refresh counter, and control

logic. The 745408 timing parameters are specified when driving
the typical load capitance of 88 DRAMSs, including trace
capacitance.

The 745409 can drive up to 4 banks of DRAMSs, with each
bank comprised of 16Ks, 64Ks or 256Ks. Control signal
outputs CAS and WE are provided with the same driving
capability. 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 con-
nected to all the banks of DRAMs. This leaves the non-
selected banks in the standby mode (less than one tenth of
the operating power) with the respective data outputs in
three-state. Only the bank with its associated RAS low will
be written to or read from, except in mode 3 where ali RAS
signals go low to allow fast memory initialization.
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination)
is formed by a combination of:  a. Device Number

b. Speed Option (if applicable)

c. Package Type

d. Temperature Range

e. Optional Processing

SN745409 -2

T X I
e. OPTIONAL PROCESSING

Blank = Standard processing

d. TEMPERATURE RANGE
Blank = Commercial (0 to +70°C)

c. PACKAGE TYPE
N = 48-Pin Plastic DIP (PD 048)
D = 48-Pin Sidebrazed DIP (SD 048)

b. SPEED OPTION
-2 = High Speed
Blank = Standard

a. DEVICE NUMBER/DESCRIPTION
SN74S409
256K Dynamic RAM Controller/Driver

Valid Combinations
Valid Combinations Valid Combinations list configurations planned to
SN745409 be supported in volume for this device. Consult
N.D the local AMD sales office to confirm availability of
SN74S409-2 ’ specific valid combinations, to check on newly re-
leased combinations, and to obtain additional

data on AMD’s standard military grade products.
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Pin Description

Vee GND, GND —Vc = 5V * 5%. The three supply pins have
been assigned to the center of the package to reduce volt-
age 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 V¢, 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 9 address bits change in the
same direction simultaneously. A recommended solution
is a 1-uF multilayer ceramic capacitor in parallel with a low-
voltage tantalum capacitor, both connected ciose to pins 36 and
38 to reduce lead inductance.

RO-R8: Row Address Inputs.
CO0-C8: Column Address Inputs.

BO, B1: Bank Select Inputs— Strobed by ADS. Decoded to
enable one of the RAS outputs when RASIN goes low, in
modes 4-6. in mode 7 BO, B1 are used to define End-of-
Count (see table 3), and select mode 3a or 3b.

QO0-Q8: 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[H
output when M2 (RFSH) is high {modes 4-6), and all RAS
outputs in modes 0 and 3. RASIN input is disabled in modes
1and 2.

R/C (RFCK)— In Auto-Refresh Mode this pin is the external
Refresh Clock Input: one refresh cycle has to be performed
each clock period. In all other modes it is Row/Column
Select Input, selecting either the row or column address
input latch onto the output bus.

CASIN (RGCK)—in modes 1, 2 and 3a, this pin is the RAS
Generator Clock input. In all other modes it is CASIN (Column
Address Strobe Input), which inhibits CAS output when high
in Modes 3b and 4. In Mode 6 it can be used to prolong CAS
output.

ADS: Address (Latch) Strobe Input—Strobes Input Row
Address, Column Address, and Bank Select Inputs into
respective latches when high; latches on High-to-Low
transition.

CS: Chip Select Input—three-state's the Address Outputs
and puts the control signal into a high-impedance logic
“1" state when high (unless refreshing in one of the Refresh
Modes). Enables all outputs when low.

MO, M1, M2 (RFSH): Mode Control Inputs— These 3 control
pins determine the 8 major modes of operation of the 745409
as depicted in Table 2.

RF 1/0 RFRQ — This I/O 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 in Modes 0, 2 and

BANK SELECT
(STROBED BY ADS) ENABLED RAS,,
81 80
) 0 RASp
0 1 RAS4
1 0 RAS,
1 1 RAS3

Table 1. Memory Bank Decode

3a when the End-of-Count output is at 127, 255, or 511 (see
Table 3). In Auto-Refresh Mode (mode 5) it is the Refresh
Request (RFRQ) output.

WIN: Write Enable Input.
WE: Write Enable Ouiput — Buffered output from WiN.

CAS: Column Address Strobe Output—in Modes 3a, 5, and
6, CAS transitions low following valid column address. In
Modes 3b and 4, it goes low after R/C goes low, or follows
CASIN going low if R/C is already low. CAS is high during
refresh.

RAS 0-3: Row Address Strobe Outputs —When M2(RFSH)
is high (modes 4-6), the selected row address strobe output
(decoded from signals BO, B1) follows the RASIN input.
When M2 (RFSH) is low (modes 0-3) all RAS, outputs go
low together following RASIN going low in modes O and 3
and automatically in modes 1 and 2.

Input Addressing

The address block consists of a row-address latch, a column-
address latch, and a resettable refresh counter.

The address latches are fall-through when ADS is high and
latch when ADS goes low. If the address bus contains valid
address until after the valid address time, ADS can be per-
manently high. Otherwise ADS must go low while the address
is still valid.

In normal memory-access operation, RASIN and R/C are
initially high. When the address inputs are enabled into the
address latches (modes 3-6) the row addresses appear on
the Q outputs. The Address Strobe also inputs the bank-
select address, (BO and B1). If CS is low, all outputs are
enabled. When CS goes high, the address outputs go three-
state and the control outputs first go high through a low
impedance, and then are held by an on-chip high impedance.
This allows output paralleling with other 74S409s for multi-
addressing. All outputs go active about 50ns after the chip is
selected again. If CS is high, and a refresh cycle begins, all
the outputs become active until the end of the refresh cycle.
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Drive Capability

The 745409 has timing parameters that are specified with up
to 600pF loads for CAS and WE, 500pF loads for Qo-Qs. and
150pF loads for RASp outputs. in a typical memory system
this is equivalent 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 14. The AC performance parameters
are specified with the typical load capacitance of 88 DRAMs.
This graph can be used to extrapolate the variations
expected with other loading.

745409 Driving Any 16K, 64K or 256K
DRAMSs

The 748409 can drive any 16K, 64K, or 256K DRAMs. The
on-chip 9-bit counter with selectable End-of-Count can sup-
port refresh of 128, 256 and 512 rows, while the 9 address
and 4 RASp outputs can address 4 banks of 16K, 64K or
256K DRAMs.

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 DI 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
controlied by WE, which follows WIN.

Power-Up Initialize

When Vg is first applied to the 745409, an internal pulise
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 VC increases to about 2.3
volts, it holds the output control signals at a level of one
Schottky diode-drop below Vo, and the output address to
three-state. As Vcg increases above 2.3 volts, control of
these outputs is granted to the system.

745409 Functional Modes Description

The 745409 operates in 8 different functional modes
selected by signals Mo,M1,M2. Mode 3 splits further to modes
3a and 3b determined by signals Bo,B1 in mode 7.

Mode O and mode 1 are generally used as Refresh modes
for mode 4 and mode 5 respectively, and therefore will be
described-as mode-pairs 0,4 and 1,5.

Mode 6 is a fast access made for very fast DRAMs and mode 7
is used only to determine choice of mode 3a or 3b and for
setting End-of-Count for the refresh modes.

MODE m;sf) M1 | MO MODE OF OPERATION CONDITIONS

0 0 0 0 Externally-controlled refresh RF /0 =EOC

1 0 0 1 Auto refresh —forced RF 1/0 = Refresh request (RFRQ)
2 o] 1 0 Automatic burst refresh RF1/0 = EOC

3a* 0 1 1 All-RAS auto write RF 1/0 = EQC,; all RAS active
3b* 0 1 1 Externally-controlled All-RAS write AlI-RAS active

4 1 0 0 Externally-controlled access Active RAS defined by Table 2
5 1 0 1 Auto access, slow tRAH, hidden refresh Active RAS defined by Table 2
6 1 1 0 Auto access, fasttRAH Active RAS defined by Table 2
7 1 1 1 Set end of count; determines mode 3a or 3b See Table 3 for Mode 7

*Mode 3a is selected by setting Bo,B1to 01,00, or 10 in mode 7
*Mode 3b is selected by setting Bi.Boto 11 inmode 7.

Table 2. 745409 Mode Select Options
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ModeO—ExternaIly-Controlled Refresh RF 1/0 goes low when the count equals End-of-Count (as

Mode 4 — Externally-Controlled Access set in mode 7), and RASIN is low. The 9-bit counter will aiways
roll-over to zero at 512, regardless of End-of-Count. However,

the counter can be reset at any time by driving RF /0 low through
an external open-collector.

Modes 0 and 4 facilitate external control of all timing parame-
ters associated with the DRAMs. These modes are indepen-
dent modes of operation though generally used together in
the same application as shown in Figure 2. During refresh, RASIN and M2 (RFSH) can transition low
simultaneously because the refresh counter becomes valid
on-the output bus tRr| cT after RFSH goes low, which is a

. shorter time than tReppL. This means the counter address
Mode O—Externally-Controlied Refresh is valid on the Q outputs before RAS occurs on all RAS

In this mode the input address latches are disabled from the outputs, strobing the counter address into that row of all the
address outputs and the refresh counter is enabled. All RAS DRAMs (see Figure 2.). To perform externally-controlled
outputs go low following RASIN and refresh the enabied row burst refresh, RFSH initially can again have the same edge
in all four banks. CASIN and R/C inputs are not used and as RASIN, but then maintains a low state, since RASIN going
CAS is inhibited. The refresh counter increments when either low-to-high increments the counter (performing the burst
RASIN or M2 (RFSH) switch high while the other is still low. refresh).
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Figure 2. Typical Application of 745409 Using Externally-Controlled Access and Refresh in Modes 0 and 4

6-332 SN748409-2/DP8409A-2/SN74S409/DP409A



$409 INPUTS

m__J———j

tRASINL

«— tRASINH —|

1

TASIN AND R/C 70 27 77 4
$409 OUTPUTS | e S iow
RAS0 — I~ 'Rdel‘.// tRFpdH~] |+
pp* / ) |
AASY, 2,3 tRFpdL~| / el RFpdH -—IF
~—:-| tROHNC
REFRESH CTR REFRESH COUNTn X ne \counrsn RESET

RF 110

oLD COLUMNSX

REFRESH COUNT n

I'—'"nn.cr

'RFHAV lo—'c‘n.—-l

—

-

*INDICATES DYNAMIC RAM PARAMETERS

END OF COUNT
LOW IF n = END-OF-COUNT

——*{ J}-— ‘RHEOC

I

COUNTER RESET
INPUT FROM
OPEN COLLECTOR
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Mode 4 — Externally-Controlled Access

This mode facilitates externally controlling all access-timing
parameters associated with the DRAMs. Figures 4 and 5
show the timing for read and write cycles.

Output Address Selection

In this mode CS has to be low at least 50 nsec before the
outputs will be valid. With R/C high, the row address latch

$409 INPUTS

contents are transfered to the multiplexed address bus out-
put Q0-Q8. RASIN can go low after the row addresses have
been set up on Q0-Q8, and enables one RAS output selected
by signals BO, B1 to strobe the Q outputs into the desired
bank of memory. After the row-address hold-time of the
DRAMs, R/C can go low so that about 40 nsec later, the
column address appears on the Q output.
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Figure 4. Read Cycle Timing (Mode 4)
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Figure 5. Write Cycle Timing (Mode 4)

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 5). For maximum system speed, CASIN can be kept
low, since CAS will automatically occur approximately 60 ns
after R/C goes low (see Figure 4). Most DRAMs have a
column address set-up time before CAS (tasc) of O ns or
—10 ns. In other words, a tASC greater than O ns is safe. This

feature reduces timing-skew problems, thereby improving
access time of the system.

Fast Memory Access

For faster access time, R/C can go low a time delay (tRPDL
+ tRAH — tRHA) after RASIN goes low, where tRAH is the
Row-Address hold-time of the DRAM, and CASIN can go low
tRCC — tCPOL + taSC (min.) after R/C goes low (see tDiF1,
tpig2 switching characteristics).
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Mode 1 —-Automatic Forced Refresh
Mode 5 — Automatic Access
with Hidden Refresh

Mode 1 and Mode 5 are generally used together incorporat-
ing the advantages of the “hidden refresh” performed in
mode 5 with the possibiity to force a refresh by changing to
mode 1. An advantage of the Automatic Access over the
Externally-Controiled Access is the reduced memory access
time, due to the fact that the output control signals are derived
internally from one input signal (RASIN).

Hidden and Forced Refresh

Hidden Refresh is a term describing memory refresh per-
formed when the system does not access the portion of
memory controlled by the 745409 (CS = 1). A hidden refresh
will occur once per Refresh Clock (RFCK) cycle provided CS
went high and RASIN went low. If no hidden refresh occurred
while RFCK was high, the RF I/0 (RFRQ) goes low imme-
diately after RFCK goes low, indicating to the system when a
forced refresh is required. The system must allow a forced
refresh to take place while RFCK is low by driving M2 (RFSH)
low, thereby changing mode of operation to Mode 1.

The Refresh Request on RF I/O (RFRQ) is terminated as
soon as RAS goes low, indicating to the system that the
foced refresh has been done. The system should then drive
M2 (RFSH) high, changing the mode of operation back to Mode 5
(see Figure 6).

Mode 1 — Automatic Forced Refresh

In Mode 1, the R/C (RFCﬁ) pin functions as RFCK (refresh
cycle clock) instead of R/C, and CAS remains high. If RFCK
is kept permanently high then whenever M2 (RFSH) goes

low, an externally-controlled refresh will occur and all RAS
outputs will follow RASIN, strobing the refresh counter con-
tents to the DRAMs. The RF 1/0 pin will always output high,
but can be set iow externally through an open-collector
driver, to reset the refresh counter.

If RFCK is an input clock, one and only one refresh cycle
must take place every RFCK cycle. If a hidden refresh does
not occur while RFCK is high, in Mode 5, then RF 1/0
(Refresh Request) goes low immediately after RFCK goes
low, indicating to the system that a forced refresh is required.
The system must allow a forced refresh to take place while
RFCK is low The Refresh Request signal on RF 1/0 may be
connected to a Hold or Bus Request input to the system.
The system acknowledges the Hold or Bus Request when
ready, and outputs Hold Acknowledge or Bus Request
Acknowledge. if this is connected to the M2 (RFSH) pin, a
forced-refresh cycle will be initiated by the $409, and RAS
will be internally generated on all four RAS outputs, strobing
the refresh counter contents on the address ouputs into all
the DRAMs. An external RAS Generator Clock (RGCK) is
requred for this function. It is fed to the CASIN (RGCK) pin,
and may be up to 10 MHz. Whenever M2 goes low (inducing
a forced refresh), RAS remains high for one to two periods of
RGCK, depending on when M2 goes low relative to the high-
to-low triggering edge of RGCK; RAS then goes low for two
periods, performing a refresh on all banks. In order to obtain
the minimum delay from M2 going low to RAS going low, M2
should go low tRFSRG before the next falling edge of RGCK.
The Refresh Request on RF 1/0 is terminated as RAS begins,
so that by the time the system has acknowledged the removal
of the request and disabled its Acknowledge, (i.e., M2 goes
high), Refresh RAS will have ended, and normal operations
can begin again in the Automatic Access mode (Mode 5). if it
is desired that Refresh RAS end in less than 2 periods of
RGCK from the time RAS went low, then M2 may go high
earlier than tFRQH after RF 1/0 goes high and RAS will go
high tRFRH after M2.
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Mode 5 —Automatic Access with
Hidden Refresh

In this mode all address outputs, RAS and CAS are initiated
from RASIN making the DRAM access appear similar to

static RAM access. The hidden refresh feature enables
DRAM refresh accomplished with no time-loss to the system.

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
address is already valid on the address output of the 745409.
The Address Set-Up time (tASR). is O ns on most DRAMSs.
The 745409 in this mode (with ADS and RASIN edges simui-
taneously applied) produces a minimum tASR of Ons. Thisis
true provided the input address was valid taASR before ADS
went low (see Figure 7).

Next, the row address is disabled tRAH after RAS goes low
(30 ns minimumy); in most DRAMs, tRAH minimum is less
than 30 ns. The column address is then set up and (tASC later)
TAS occurs. The only other control input required is WIN.
When a write cycle is required, WIN must go low at least
30 ns before CAS is output low.

This gives a total typical delay from: input address valid to
RASIN (15 ns); to RAS (27 ns); to rows held (50 ns); to col-
umns valid (25 ns); to CAS (23 ns) = 140 ns (that is, 125 ns
from RASIN). All of these typical figures are for heavy capaci-
tive loading, of approximately 88 DRAMs.

Refreshing

In this mode R/C (RFCK) functions as Refresh Clock and
TASIN (RGCK) functions as RAS Generator Clock.

One refresh cycle must occur during each refresh clock period,
and then the refresh address must be incremented before the
next refresh cycle. As long as 128 rows are refreshed every 2 ms
(one row every 16 us), all 16K and 64K DRAMSs will be correctly
refreshed. The cycle time of RFCK must, therefore, be less than
16 us. RFCK going high sets an internal refresh-request flipflop.
First the 745409 will attempt to perform a hidden refresh so that
the system thruput will not be affected. If, during the time RFCK

is high, CS on the 748409 goes high and RASIN occurs, a hidden
refresh will occur. In this case, RASIN should be considered a
common read/write strobe. in other words, if the processor is
accessing elsewhere (other than the DRAMs) while RFCK s high,
the 745409 will perform arefresh. The refresh counter is enabled
to the address outputs whenever CS goes high with RFCK high,
and all RAS outputs follow RASIN. if a hidden refresh is taking
place as RFCK goes low, the refresh continues. At the start ofthe
hidden refresh, the refresh-request flipflop is reset so on further
refresh can occur until the next RFCK period starts with the posi-
tive-going edge of RFCK (see Figure 6). RASIN should go low at
least 20 ns before RFCK goes low, to ensure occurrence of the
hidden refresh.

To determine the probability of a hidden refresh occurring,
goes low, (and the internal-request flipflop has not been
for 8us, then the system has 20 chances to not select the
745409. It during this time a hidden refresh did not occur,
then the 745409 forces a refresh while RFCK is low, but the
system chooses when the refresh takes place. After RFCK
goes low, (and the internal-request flip-flop has not been
reset), RF 1/0 goes low indicating that a refresh is requested
to the system. Only when the system acknowledges this
request by setting M2 (RFSH) low does the 745409 initiate a
forced refresh (which is performed automatically). Refer to
Mode 1, and Figure 6. The internal refresh request flipflop is
then reset.

Figure 6 illustrates the refresh alternatives in Mode 5. If a
hidden refresh has occurred and TS again goes high before
RFCK goes low, the chip is deselected. All the contrel sig-
nals go high-impedance high (logic “1”) and the address out-
puts go three-state until TS again goes low. This mode
(combined with Mode 1) allows very fast access, and auto-
matic refreshing (possibly not even slowing down the
system), with no extra ICs. Careful system design can, and
should. provide a higher probability of hidden refresh
occurring. The duty cycle of RFCK need not be 50 percent;
in fact, the low-time should be designed to be a minimum.
This is determined by the worst-case time (required by the
system) to respond to the 745409's forced-refresh request.
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Mode 2 — Automatic Burst Refresh

This mode is normally used before and/or after a DMA opera-
tion to ensure that all rows remain refreshed, provided the
DMA transfer takes less than 2 ms (see Figure 8). When the
745409 enters this mode, CASIN (RGCK) becomes the RAS
Generator Clock (RGCK), and RASIN is disabled. CAS
remains high, and RF |/0 goes low when the refresh counter
has reached the selected End-of-Count and the last RAS
has ended. RF 1/O then remains low until the Auto-Burst
Refresh mode is terminated. RF 1/0 can therefore be used
as an interrupt to indicate the End-of-Burst condition.

The signal on all four RAS outputs is just a divide-by-four of
RGCK; in other words, if RGCK has a 100 ns period, RAS is
high and low for 200 ns each cycle. The refresh counter
increments at the end of each RAS, starting from the count it
contained when the mode was entered. If this was zero then
for a RGCK with a 100 ns period with End-of Count set to
127, RF /0 will go low after 128 x 0.4us, or 51.2us. During this
time, the system may be performing operations that do not
involve DRAM. If all rows need to be burst refreshed, the
refresh counter may be cleared by setting RF 1/0 low
externally before the burst begins.

Burst-mode refreshing is also useful when powering down
systems for long periods of time, but with data retention still
required while the DRAMs are in standby. To maintain valid
refreshing, power can be applied to the 745409 (set to Mode
2), causing it to perform a complete burst refresh. When
end-of-bust occurs (after 26 us), power can then be removed
from the 74S409 for 2 ms, consuming an average power of
1.3% of normal operating power. No control signal glitches
occur when switching power to the 745408.

Mode 3a—All-RAS Automatic Write

Mode 3a is useful at system initialization, when the memory
is being cleared (i.e., with all-zeroes in the data field and the
corresponding check bits for error detection and correction).
This requires writing the same data to each location of mem-
ory (every row of each column of each bank). All RAS out-
puts are activated, as in refresh, and so are CAS and WE. To
write to all four banks simultaneously, every row is strobed in
each column, in sequence, until data has been written to all
locations. The refresh counter is used to address the rows,
and RAS is low for two RGCK cycles and high for two cycles.

EOC —
INTERRUPT RF o RAS 0-3
CAS |——»|
745409 _. DRAMSs
WE |
MO
MODE 2 M1 Qo-8
° M2 RGCK
Tm
PROCESSOR ACTS ACKNOWLEDGE
AFTER INTERRUPT END OF BURST
0 v
MODE 7/ MODE 2 ﬂ /
/ Z -’ dn

RGCK

<27
>T

RAS 0-3 - le— 2T »fe--2T - »]e- 2T

-l

]

'CTRFL—|

I‘— tROHNC

-
jo- 2T -] \
- |

'4_.
o XX X=X

'RGEOB — — | mceos
o

'

RF 1/0 (EOC)

o END OF
BURST

Figure 8. Auto-Burst Mode, Mode 2
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To select this mode, B1 and BO must have previously been
set to 00, 01, or 10 in Mode 7, depending on the DRAM size.
For example, for 16K DRAMs, B1 and BO are 00. For 64K
DRAMs, Bt and BOare O1.

In this mode, R/C is disabled, WE is permanently enabled
low, and CASIN (RGCK) becomes RGCK. RF 1/0 goes low
whenever the refresh counter is 127, 255, or 511 (as set by
End-of-Count in Mode 7),

and the RAS outputs are active.

REQUIRED IF a7] sBIT
sYSTEM sTiLL 'NTERRUPT «—1COUNTER
OPERATING LS461
WHILE 745409
IN MODE 3A - RF 170
ADS
PROCESSOR 8-8IT N s
ADDRESS BUFFER + CO-7  RAS 0-3 e
'$244 > O
. 745409ch4—: ~|orams
10 DO M- [
YT 7 RO-7 Q0-7 ||
AASIN RASIN
WRITE N e
M2 M1M0 (RGCK)
PROCESSOR ADS t
L ENABLE
8 MODE [’

1 ENABLE
t SELECT[
PAL

745409 Extra Circuitry Required for All-RAS Auto Write Mode, Mode 3a
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!
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Figure 9. 745409 Ali-RAS Auto Write Mode, Mode 3a, Timing Wavetorm
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Mode 3b — Externally-Controlled
All-RAS Write

To select this mode, B1 and BO must first have been set to 11
in Mode 7. This mode is useful at system initialization, but
under processor control. The memory address 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/C can now go
low, while CASIN may be used to control CAS {as in the
Externally-Controlled Access mode), 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 ali four
banks of DRAMSs. At the end of the write cycle, the input
address is incremented and latched by the 745409 for the
next write cycle. This method is slower than Mode 3a, since
the processor must perform the incrementing and accessing.
Thus the processor is occupied during RAM initialization,
and is not free for other initiatization operations. However,
initialization sequence timing is under system control, which
may provide some system advantage.

Mode 4 - Externally-Controlled
Access

Mode 4 is described in with mode 0 in section "Mode 0 and
Mode 4"

Mode 5 - Automatic Access with
‘Hidden Refresh

See description of mode 0 and mode 5.

Mode 6 —Fast Automatic Access

The Fast Automatic Access mode can only be used with fast
DRAMs which have tRaH of 10 nsec-15nsec. The typical
RASIN to CAS delay is 105nsec. In this mode CAS can be
extended after RAS goes high to extend the data output
valid time. Thiiieature is useful in applications with short
cycles where RAS has to be terminated as soon as possible to
meet the precharge (trp) requirements of the DRAM.

Mode 6 timing is illustrated in Figures 10 and 11, Provided that 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 address is already
valid on the address output of the 74S409. The Address

Set-Up time (tAgR), is O ns on most DRAMs. The 745409 in
this mode (with ADS and RASIN edges simultaneously
applied) produces a minimum tagR of O ns. This is true pro-
vided the input address was valid tASA before ADS went low
(see Figure 10).

Next, the row address is disabled tRaH after RAS goes low
(20 ns minimumy; the column address is then set up and tASC
later, CAS occurs. The only other control input required is
WIN. When a write cycle is required, WIN must go low at
least 30 ns before CAS is output low.

This gives a total typical delay from: input address valid to
RASIN (15 ns); to RAS (27 ns): to rows valid (50 ns); to col-
umns valid (25 ns); to CTAS (23 ns) = 140 ns (that is, 125 ns
from RASIN). All of these typical figures are for heavy capaci-
tive loading, of approximately 88 DRAMs.

This mode is therefore extremely fast. The external timing is
greatly simplified for the memory system designer: the only
system signal required is RASIN.

In this mode, the R/C (RFCK) pin is not used, but CASIN

(RGCK) is used as CASIN to allow an extended CAS after
RAS has already terminated. Refer to Figure 11.

Mode 7 - Set End-of-Count (3a, 3b select)

The End-of-Count can be externally selected in Mode 7,
using ADS to strobe in the respective value of Bi and BO
(see Table 3). With B1 and BO the same EOC is 127; with B1
= 0 and BO = 1, EOC is 255; and with B1 = 1 and BO = O,
EOC is 511. This selected value of EOC will be used until the
next Mode 7 selection. At power-up the EOC is automati-
cally setto 127 (B1 and BO set to 11).

When B1,B: are set to 11 in mode 7, mode 3b will be selected
if mode 3 is selected (M2, M1, Mo = 0, 1, 1). If B1,B: is set to
00, 01 or 10 then mode 3a will be selected.

(STBRg‘BKEsDEBLYE ngsz ENSPE?E g%gNT
B1 BO
0 0 127
0 1 255
1 0 511
1 1 127
Table 3. Mode 7
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Switching Characteristics: (Contd)

SYMBOL ACCESS PARAMETER TESTCONDITIONS | yun 2en’ maAX | MIN S409-2 ax | UNIT
THREE-STATE PARAMETER
tzH G5 low to address output high from Hi ;'?irgsss' ;g = 1.5k 35 60 35 60 ns
iz | CShighto address output Hi-z fromhigh | = 15PE Fgures 812 20 40 20 40 | ns
tz7L TS low to address output low from Hi-Z E'?:rgsss' ;% - 15k 35 60 35 60 ns
t z TS high to address output Hi-Z from low gli = 11:5(";; log:gﬁs 613 25 50 25 50 | ns
TS low to control output (WE, CAS, Figures 6,12
tHZH | (RASO-3) high from Hi-Z high R2 = 7500, $1 open 50 80 50 80 | ns
TS high to control output (WE, CAS, CL = 15pF
'HHZ | (RAS0-3) Hi-Z high from high R2 = 7500, 1 open o0 78 40 75 | s
T3S low to control output (WE, CAS, Figure 12
HZL | (RASO-3) low from Hi-Z high 51,52 Open 45 T8 4 75 s
TS high to control output (WE, TAS, Cy = 15pF, Figure 12
WHZ | (RASD-3)Hi-Z high from low R2 = 75002, $1 open 50 80 50 80 | ns
*Internally the device contains a 3K resistor in series with a Schottky Diode
toVce:
Note 1: Output load capacitance is typical for 4 banks of 22 DRAMs or 88
DRAMs including trace capacitance. These values are: Q0-Q8. C_ = 500pF; 10
RASO-RAS3, Cy_ = 150pF; CAS Cy = 600pF unless otherwise noted.
Note 2: All typical values are for Ty = 25°C and Vo = 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. [3
In testing these parameters, a 150 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 OV to 3.0V, tg = tg = 2.5 ns, f = 2.5 MHz. tpyy = 200 ns. n 0
Input reference point on AC measurements is 1.5V. OQutput reference points /
are 2.7V for High and 0.8V for Low.
Test Load sv "
R1
-10
$1 200 400 600 800 1000
OUTPUT RD CoF
UNDER TEST POINT*
150
TEST Figure 13. Change in Propagation Delay vs Loading
s2
oL Capacitance Relative to a 500 pF Load
R2

R1, R2 = 4.7K EXCEPT AS SPECIFIED.

* The “TEST POINT" is driven by the output under test,

and observed by instrumentation.

v

INPUT
vz
v "HHZ |-
oM 0.5V
ouTPRUT l N HIGH Z
L
0.5V
—itHz twzu [+
Yz 2L

Figure 12. Switching Test Waveforms
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Applications

The 748409 Dynamic RAM Controller provides all the
address and control signals necessary to access and refresh
dynamic RAMs. Since the 745409 is not compatible with a
specific bus or microprocessor, an interface is often neces-
sary between the 745409 and the system. A general applica-
tion using PAL to implement the interface and two additional

chips to provide refresh clock and chip select is shown in
Figure 14.

The 745409 operating modes may vary from application to
application. For efficient refresh it is recommended to use
mode 1 and mode 5 to take advantage of the hidden
(transparent) refresh with forced refresh backup.

% N ooy

~

ADDRESS S2-S0 B1-B0 C8-0 R8-0
CHIP &S0t AASH ~[RAS
SELECT S0 RAs
. DYNAMIC
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A l
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Cik _ L DYNAMIC
ADS _:> AB-0 RAM -+
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— I L DYNAMIC
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Figure 14. 745409 in General Application
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Vcc) —-05t0+7.0V
Storage Temperature Range —-65°C to +150°C
Input Voltage -15Vto+55V
Output Current 150 mA

Lead Temperature (soldering, 10 seconds) 300°C

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device reli-
ability. Absolute maximum ratings are for system design refer-
ence; parameters given are not tested.

OPERATING RANGES
Commercial (C) Devices
Supply Voltage (Vcc)

Operating Free Air
Temperature (Ta)

+4.751t0 +5.25V

0to +75°C

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS (Vcc = 5.0 V + 5.0%, 0°C < Ta < 75°C, Typicals are for Vee=5V,

Ta = 25°C)
Parameter
Symbol | Parameter Description Test Conditions Min. | Typ. | Max.| Unit

Ve Input clamp voltage Vce = Min,, lc =-12 mA 08| -12} V

liHy Input high current for ADS, R/C only Vin=25V 2.0 | 100{ pA

liHz Input high current for other inputs, Vin=25V 1.0 | 50 | WA
except RF /O

LRSI Qutput load current for RF I/O Vin = 0.5 V, output high -1.5 | -2.5| mAV

LCTL Output load current for RAS, CAS, WE | V= 0.5V, chip deselect -15 | -25] ma

hita Input low current for ADS, R/C only Vn=05V -0.1]|-1.0] mA

Iz Input low current for other inputs, Vin=05V -0.05] -0.5] mA
except RF 1/O

Vi ** Input low threshold 08| V

V' Input high threshold 2.0 \'

Vo1 Qutput low voltage, except RF I/O loL = 20 mA 03 {051 V

Voi2 Output low voltage for RF I/O loL = 10 mA 03 | 05| V

VoH1 Output high voltage, except RF /O lon=-1mA 24| 35 Vv

Vonz Qutput high voltage for RF 110 lo. = —100 pA 24] 35 \'

lio Output high drive current, except RF /O | Vour = 0.8 V (Note 3) -200 mA

loo Output low drive current, except RF I/O | Vour=2.7 V (Note 3) 200 mA

loz Three-state output current 0.4V <Vour<27V, -50| 1.0 50 | pA
(address outputs) CS=2.0V, Mode 4

[ Supply current Vce = Max 250 | 325 | mA

CiN input capacitance ADS, R/C Ta =25°C 8 pF

CiN Input capacitance all other inputs Ta =25°C 5 pF

**These are absolute voltages with respect to pins 13 or 38 on the device and include ali overshoots due to system or tester
noise. Do not attempt to test these values without suitable equipment.
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SWITCHING CHARACTERISTICS (Vcc = 5.0 V + 5.0%, 0°C < Ta < 75°C) See Figure 12 for
{;ast Ioa‘;i grswitgheé S1 and S2 are closed unless otherwise specified) typicals are for
cc =5V, Ta = 25°C.

Parameter ‘5409 $409-2
Symbol | Access Parameter Description | Test Conditions Min.| Typ.| Max. | Min.|Typ.| Max.| Unit
tRHA Row address held from column | Figure 4 10 10 ns
select
taicL RASIN to CAS output delay Figures 7, 10 95 1125) 160 | 75 [100| 130} ns
(Mode 5)
tricL RASIN to CAS output delay Figures 7, 10, 11 80 | 105} 140 | 65 [ 90 | 115} ns
(Mode 6)
tRicH RASIN to CAS output delay Figures 7, 10 36| 48| 60 | 36 |48 | 60 | ns
{(Modeb5)
trRicH RASIN to CAS output delay Figures 7, 10, 11 50|63 80 |50 [63] 80| ns
(Mode 6)
treoL RAS to CAS output delay Figures 7, 10 98 | 125 751100 ns
(Mode 5)
treoL RAS to CAS output delay Figures 7, 10, 11 78 | 105 65| 85 | ns
(Mode 6)
tRcoH RAS to CAS output delay Figures 7, 10 27 | 40 27 | 40 | ns
{Mode 5)
trcoH RAS to CAS output delay Figures 7, 10 40 | 65 40| 65 | ns
{Mode 6)
tccon CASIN to CAS output delay Figure 11 40| 54| 70 | 40 | 54| 70 | ns
{Mode 6)
trev RASIN to column address Figures 7, 10 90 | 120 80 | 105( ns
valid (Mode 5)
trev RASIN to column address Figures 7, 10, 11 75 | 105 70 90 | ns
valid (Mode 6)
tRPOL RASIN to RAS delay Figures 4,5,7,10,11] 20| 27 | 35 | 20 [ 27 | 35 | ns
tRPDH RASIN to RAS delay Figures 4,5,7,10,11| 1561 23 | 32 {15 | 23| 32 | ns
taPDL Address input to output low Figures 4,5, 7,10, 11 25 | 40 251 40 | ns
delay
tarpH Address input to output high Figures 4, 5,7, 10, 11 25| 40 25| 40 | ns
delay
tspoL Address strobe to address Figures 4, 5 40 | 60 40} 60 | ns
output low
tsPOH Address strobe to address Figures 4,5 40 | 60 40| 60 | ns
output high
tweoL WIN to WE output delay Figure 5 15{ 25|30 [15 (25| 30 | ns
twep WIN to WE output delay Figure 5 151 30]| 60 [ 15|30| 60 | ns
tcrs CASIN setup time to RASIN Figure 11 35 35 ns
high (Mode 6)
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SWITCHING CHARACTERISTICS (Cont’d.)

Parameter S409 5409-2
Symbot | Access Parameter Description | Test Conditions Min.| Typ.| Max. | Min.|Typ.| Max.| Unit
tcroL CASIN to CAS delay (R/C low Figure 5 32| 41| 58 | 32|41 | 58 | ns
in Mode 4)
teroH CASIN to CAS delay Figure 5 251 39| 50 |25 |39 ] 50 | ns
trce Column select to column Figure 4 40 | 58 40| 58 | ns
address valid
treR Row select to row address valid | Figures 4,5 40 | 58 40| S8 | ns
tRaH Row address hold time Figures 7, 10 30 20 ns
{(Mode 5)
tRaH Row address hold time Figures 7, 10, 11 20 12 ns
{Mode 6)
tasc Column address setup time Figures 7, 10 8 3 ns
{(Mode 5)
tasc Column address setup time Figures 7, 10, 11 6 3 ns
(Mode 6)
toiF Maximum (trpoL — tRHA) 15 15 | ns
{Mode 4)
toiF2 Maximum trcc — tceot) 15 15 | ns
(Mode 4)
Parameter S409 5409-2
Symbol | Refresh Parameter Description| Test Conditions Min.| Typ.| Max. | Min.|Typ.| Max.| Unit
trraL RFCK low to forced RFRQ low CL= 50 pF, Figure 6 20 | 34 20| 34 | ns
tRraH RGCK low to force RFRQ high C. =50 pF, Figure 6 50| 75 50| 75 | ns
tranL RGCK low to RAS low Figure 6 36| 65| 95 | 36 | 65| 95 | ns
tRGRH RGCK low to RAS high Figure 6 40| 60| 85 | 40 [ 60| 85 | ns
tRFRH RFSH high to RAS high See Mode 1 55180 {110 55 {80 | 110| ns
(encoding forced RFSH) description
tcscr CS high to RFSH counter valid Figure 6 551 70 55| 70 | ns
ten RF I/O low to counter outputs Figure 3 100 100 | ns
all low
taFPOL RASIN to RAS delay during Figures 3, 6 35|50 | 70 |35 [ 50| 70 | ns
refresh
tRFPDH RASIN to RAS delay during Figures 3, 6 30]40 | 55 [ 30 1 40| 55 | ns
refresh
tRFLCT RFSH low to counter address CS = X, Figures 3,6,8 47 | 60 47 | 60 | ns
valid
tRFHRV RFSH high to row address Figures 3, 6 45 | 60 451 60 | ns
valid
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SWITCHING CHARACTERISTICS (Cont’d.)

'S409 *S409-2
Parameter
Symbol | Refresh Parameter Description | Test Conditions Min.| Typ.| Max. | Min.|Typ.| Max.| Unit
tROHNC RAS high to new count valid Figures 3, 8 30 | 55 30| 55 | ns
tRLEOC RASIN low to end-of-count low C. = 50 pF, Figure 3 80 80 | ns
tRHEOC RASIN high to end-of-count high |C. = 50 pF, Figure 3 80 80 | ns
trcEOB RGCK low to end-of-burst low CL =50 pF, Figure 8 95 95 | ns
tMcEoB Mode change to end-of-burst high| C_ = 50 pF, Figure 8 75 75 | ns
Parameter | Operating S409 $409-2
Symbol | Parameter Description Test Conditions Min.| Typ.| Max. | Min.]Typ.| Max.| Unit
tasa Address setup time to ADS Figures 4,5,7,10, 11| 15 15 ns
taHA Address hold time from ADS Figures 4,5,7,10,11| 15 15 ns
tans Address strobe pulse width Figures 4,5,7,10,11| 30 30 ns
trasinLH | Pulse width of RASIN during Figure 3 50 50 ns
refresh
tRsT Counter reset pulse width Figure 3 70 70 ns
tRFCKLH Minimum pulse width of RFCK Figure 6 100 100 ns
T Period of RAS generator clock Figure 6 100 100 ns
traekL Minimum pulse width low of Figure 6 35 35 ns
RGCK
traekH Minimum pulse width high of Figure 6 35 35 ns
RGCK
tcshL CS low to access RASIN low See Mode 5 10 10 ns
description
trFsrG RFSH low set-up to RGCK low See Mode 1 35 35 ns
(Mode 1) description
tRoHRF RFSH hold time from RFRQ Figure 6 2T 2T ns
(RF 1/0)
6-350
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