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MEMORY REFRESH CONTROLLERS
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SELECTION TABLE

DEVICE REFRESH MODES MEMORY SIZE PIN ASSIGNMENTS
PIN 9 PIN 17 PIN 18
1LS600A Transparent, Burst 4K ar 16K 4K/TBK LATCHED RCO RESET LATCHED RCO
LSE01A Transparent, Burst 64K A7 LATCHED RCO RESET LATCHED RCO
LSEC3A Cycle Steal, Burst 54K A7 READY RC CYCLE STEAL
description

The ‘LS600A, ‘LSBOTA, and ‘LS603A memory refresh controllers contain one 8-bit synchronous counter, nine 3-state buffer
drivers, four RC-controlled multivibrators, and cther control circuitry on a single monolithic chip. These devices are designed
to provide RAS-only refresh on 4K, 16K, and 64K dynamic RAMs. The ‘LS600A and 'LSB01A provide transparent refresh
while the L.S803A provides cycle-steal refresh. In addition, a burst-mode timer is provided to warn the CPU that the maximum
allowable refresh time is about to be viclated.

operating modes

In the transparent refresh made ('LSB0O0A or 'LSB01A}, row-refresh cycles accur only during inactive CPU-memory times.
In most cases the entire memory refresh saquence can be completed ‘transparently’’ without interrupting CPU operations.
During idle CPU-memaory periods, the REF REQ pins should be taken high so as many rows as possible can be refreshed.
A low from BUSY will signal the CPU to wait until the end of that current row refresh before reinstating operations. If ali
row addresses have been refreshed before the burst-mode timer expires, tha burst-mode timer will reset.

If the maximum allowable refresh time of the dynamic RAM is about to be exceeded, the burst mode timer will expire causing
the HOLD pin to go low. This signals the CPU that a burst-mode refresh is mandatory and the burst-mode refresh will
be accomplished when the CPU takes the REF REQ pins high. To ensure that all rows are refreshed, the address counter
is reset 10 zero whenever the burst-mode timer expires. After the last row has been refreshed, the HOLD pin will returm
high, and the burst-mode timer will reset. The CPU can then return to normal transparent cperation.

A LATCHED RCO output pin is also provided on the ‘LS600A and 'LS601A to detect when the last row has been refreshed.
Upon seeing a RCO from the address counter, the LATCHED RCO output will be set high. This latch is reset by providing
a high-going pulse on the BESET LATCHED RCO input.

tn the cycle-steal refresh mode ('LS603A), refreshing is accomplished by dividing the safe refresh time into equal segments
and refreshing one row in each segment. The segment time is programmed via the RC CYCLE STEAL input and will produce
a low level on the READY output at the end of each segment period. This indicates to the CFU to suspend operations for
one memaory cycle for a row refresh, In effect it “‘steals’’ one memaory cycle from the CPU. After the CPU recognizes the
cycle-steal signal from the READY output, it must take both REF REQ pins high. These devices will then refresh one row
and return control back to the CPU by taking READY high. The burst-mode timer is also provided to prevent exceeding the
maximum allowable refresh time, and operates in the same manner as in the 'LSB00A and ‘LS601A. In applications where
the burst-mode timer is not redquired, it can be disabled by connecting the RC Burst input to ground.
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SN74LS600A, SN74LS601A
MEMORY REFRESH CONTROLLERS
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SN7415603A
MEMORY REFRESH CONTROLLERS
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SN74LS600A, SN74LSG01A, SN74LS603A
MEMORY REFRESH CONTROLLERS

PiN FUNCTION TABLE

PIN PIN NAME FUNCTIONAL DESCRIPTION

1 BUSY Active output indicates to the CPU that a refresh cycle is in progress.

16 HOLD Active output should be a priority interrupt to the CPU far emergency burst refresh.
15 % 3-state output row address strobe,

11 RC RAS HI Timing node for high-level portion of RAS. See Note 1.

12 RC RAS LO Timing node for low-lgvel portion of RAS. See Note 1.

2-8 AQ thru A6 3-state output row address fines.

9 AT MSB row address line for ‘LSB01A and 'LSB03A {B4K-bit memory controllers}.

A high input level disables the A5 row address line for L5600A. (The high-level
g 4K/16K input makes the count chain 5 bits iong while the low-level makes the count chain
6 bits iang.)

17 READY Intarrupt ta CPU for cycle steal refresh ("LS603AI.

17 LATCHED RCO Normaily high-level, will latch low upon RCO af counter {'LS600A or 'LSBOTA}.

18 RC CYCLE STEAL Timing node that controls the READY output ('LS603A). See Note 1.

18 RESET LATCHED Normaily high-level, when pulsed low the LATCHED RCO ocutput will be reset 'LSB00A and

RCO ‘LS801A}.

19 RC BURST Timing node for burst refresh, See Note 1.

13, REF REQT. High level an both pins starts and cantinues row refresh. Low an either pin inhibits refresh.
14 REF REQ2

20, 10 Voo, GND B-¥ power supply and network ground pins.
NOTE 1. All timing nodes require a resistor te Voo and a capacitor ta GND.

schematics of

inputs and outputs

EQUIVALENT OF REF REQ. 4K/16K,
AND RESET LATCHED RCO INPUTS

vee

INPLIT

REF REQ:
4K/16K:

Fd
s REQ

Req = 20 kil NOM
Aeqg = 30 kil NOM

TYPICAL OF RAS AND A TYPICAL OF BUSY, HOLD. READY

OUTPUTS AND LATCHED RCO OUTPUTS
—_ Vv —_—_———
100 &1 °e < vee
NOM 120 12 NOM :i
OUTPUT OUTPUT

voF

absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)

Supply voltage, V¢ {see Note 2)
Input voltage

Off-state

Operating free-air temperature range
temperature range

Storage

NOTE 2:

output voltage

Voliage values are with respect to network ground terminal.
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SN74LS600A, SN74LS601A, SN74LS603A
MEMORY REFRESH CONTROLLERS

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage. VcC 4.75 5 B5.25 A%
High-laval cutput current, IgH A. RAS -26 mA
All athers —-400 A
Low-tevel output current, Ioy A RAS - 24 mA
All others 8
Duration or RAS output pUlSET High. tsHsL 5 ns
Low, 151 54 75
Duration of RESET LATCHED RCO pulse, tRHRAL 35 ns
Duration of REF REQ pulse during CYCLE STEAL operation, tQHQL 20 ns
- . RC RAS LO, RC RAS HI 1 [
External timing resistor, Rgyt k(2
RC BURST, RC CYCLE STEAL 1 1000
Operating free-air temperature, Tp 8] 70 °C

TMaximum operating frequency for the address counter corresponds to its minimum period, which is the sum of tw(RAS-H} Min and ty@ag.L) min.

electrical characteristics over recommended operating free-air temperature range {uniess otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPF MAX UNIT
V|4 High-tevel input vaoltage 2 v
ViL  Low-levei input voltage 0.8 v
Vik  Input clamp voltage Vee = 475V, ) = —1.BmA -1.5 v
Vo High-level output A,RAS zﬁf ::24;/7‘5 Ve IoH = - 2.6 mA 2.4 2.9 v
voltage loH = —400 A 2.7 3.1
All Dthers ViL = 0.8V
A, BAS Vee = 475V, loL = 12 mA 0.25 0.4
VoL Low-ievel output Vi = 2 V. loL = 24 mA 0.38 0.5 v
voitage Al Others Vi = 0.8 V lop = 4 mA 0.25 0.4
oL = 8 mA 0.35 0.5
Off-state output
l0ZH current, high-fevel Vg = 2.7V 20 aA
voltage applied —_— vee = 5.25V
A. RAS REF REQ at
Off-state output ViL = 0.8V
lozL current, low-level Vo =04V - 20 nA
voltage applied
I !nput current at maximum Vee = 5.25 V, V=7V 01 mA
input voitage
IIH High-level input current Voo = 526V, V=27V 20 uA
TR Low-ievel input current Vee = 65.25 v, Vi =04V -0.4 mA
los Short-circuit A RAS Vee = 5.25 v -30 -130 mA
output current§ Al others -20 -100
lcg  Supply cursrent :SER:QS':{SOV\} RC RASLO and 50 8b mA

FAll typical values are at Voo = 5V, Ta = 25°C.
SNot more than one output should be sharted at a time, and duration of the shart-circuit should not exceed one second.
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SN74LSG00A, SN74LSG01A, SN74LSB03A
MEMORY REFRESH CONTROLLERS

-
switching characteristics, Vg = 5 V. Ta = 25°C, see note 3

PARAMETER FROM (INPUT) TO {(ODUTPUT) TEST CONDITIONS MIN TYP MAX UNIT
tQHBL REF RECI BUSY C = 150F Al = 2 KD 30 45 ns
tsLgH TASI BUSY L="pm = 245 300 | ns
TQHSV REF REQ! RAS CL = 320 pF, R = 6670 47 70 ns
tsHsz | RASI RS CL = 5 pF. R, = B67R 245 300 | ns
tQHAV REF REQ! ADDRESS C_ = 160 pF, R = BE7R 38 5] ns
t5HAZT RASI ADDRESS CL = 5 pF, R = BB7Q 245 300 ns

RESET LATCHED LATCHED
tRHCL az 55 ns
RCO! RCO CL = 15pF, R = 2 kR
tSHYH RAST READY 64 85 ns
tSLSHI RAS! RAS 210 ns
— — Cp = 320 pF, R = 6671
toHsL AAS! RAS L e R 245 ns
1 8 HOLDI HOLD 3.58 ms
DHDL, — CL = 165 pF, R = 2 ki
ty| yL" READY READY 27 us
1Depends on RC network at pin 11 (4 ki, 200 pF used for tasting).
"‘Dependes on RC network at pin 12 (4 k$, 200 pF used for testing].
§Depends on RC network at pin 138 (680 k2, 0.022 yF used for testing).
1Depends on RC network at pin 18 (10 k&, .01 pgF used for testing}.
NCOTE 3: Load circuits and voltage waveforms are shown in Section 1.
explanation of letter symbols
This data sheet uses a new type of letter symbol to describe time intervals. The farmat is:
TAB-CD
where: subscripts A and C indicate the names of the signals for which changes of state or level or establishment of

state or level constitute signal events assumed to occur first and last, respectively, that is, at the beginning
and end of the time interval.

Subscripts B and D indicate the direction of the transitions and/or the final states or levels of the signals represented
by A and C, respectively. One or two of the following is used:

H = high or transition to high

low or transition to low

V = a valid steady-state level

X = unknown, changing, or '"don‘t care’’ level
Z = high-impedance (off) state.

r'
I

The hyphen between the B and C subscripts is omitted when no confusion is likely to occur. For these letter symbols
on this data sheet, the signal names are further abbreviated as follows:

SIGNAL AorC

NAME SUBSCRIPT
BUSY B
HOLD D
RAS s
AD — AT A
READY Y
LATCHED RCO C
RESET LATCHED RCO R
REF REQ Q

{i’
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SN74LS600A, SN74LS601A, SN74LS603A
MEMORY REFRESH CONTROLLERS

TIMING DIAGRAMS
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1EMES‘?

INSTRUMENTS

POST CFFICE BOX 625012 » DALLAS, TEXAS 752685



SN74LSGD0A, SN74LS601A, SN74LS603A
MEMORY REFRESH CONTROLLERS

TYPICAL CHARACTERISTICS

PULSE DURATION, RAS LOW
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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tlwarrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily petformed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (*Critical Applications”).

TI SEMICONDUCTOR FRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPFPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright ©@ 1996, Texas Instruments Incorporated



IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright [0 1998, Texas Instruments Incorporated



