Memory ICs

2,048-Bit Serial Electrically Erasable PROM
BR93LCSGIBR93L056FIBR93LC56RFIBRQSLC56FV

@®Features

-

Low power CMOS technology ~

+ 128 x 16 bit configuration

2.7V to 5.5V operation

+ Low power consumption

.

— 3mA (max.) active current : 5V

— 5 u A (max.) stanby current : 5V

Auto increment for efficient data bump
Automatic srase-before-write

Hardware and software write protection

— Default to write-disabled state at power up

— Software instructions for write-enable/ disable
— Vee lock out inadvertent write protection
8-pin SOP/8-pin SSOP-B/8-pin DIP packages

* Device status signal during write cycle

.

TTL compatible Input/Output
100,000 ERASE /write cycles
10 years Data Retention

@Overview
The BR93LCS6 is CMOS serial input/output-type memory circuits (EEPROMS) that can be programmed electrically.
Each is conflgured of 128 words X 16 bits (2,048 bits), and each word can be accessed individually and data read
from it and written to it. ‘
Operation controi is performed using five types of commands. The commands, addresses, and data are input
through the DI pin under the control of the CS and SK pins. In a write operation, the internal status signal (READY or
BUSY) can be output from the DO pin.
The only difference between the BRO3LC56/F/RF/FV is the write disable voltage and its accompanymg write en-
able voltage. All other functions and characteristics are the same.

@Pin cofiguration

es[1] ~ EIVGG ne[] O B |NG
se[z] BROSLCSS/ [Fve verl2] gy cser/ 215
o E BROILC5ERF IEINC CSE BRY3LCE6FV EDO
oof4] 5 Jano SKE 5 | oI
®Pin names
Pin .
Name Function
cs Chip select input
8K Serial clock input
B Start bit, operating code, address, and serial
data input
Serial data output, READY/BUSY |nterna|
Do
status display output
GND | Ground
NG Not connected
NC | Notconnected
Voo Power supply
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Memory ICs BR93LC56/BR93LC56F/BRO3LC56RF/BR93LC56FV
@Block diagram
Power aupply

CS —» voltage detactor

Command code * *

Control

Clock ganeration = Wiite High voltaga
SK —» disable generator

Address Address [T
7olt N
ol Command butter :> decoder 7olt
register
2,048-bit
»| Deta RW EEPROM aray
. 16bit
» reglster amplifier

DO «— Dummy blt B

@Absolute maximum ratings (Ta=25C)

Parametar Symbol Limits Unit
Applied voltage Vee —0.3~6.0 \'
BRY3LC56 500*1
Power
BR9Y3LCS6F / RF *2
dissipation Pd 350 mW
BROILCEEFY 300%3
Storage temperature Tstg —65~125 C
Operating temperature Topr . —40~85 C
Terminal voltage - —0.3~Vec+-0.3 v
* 1 Reduced by 5.0mW for aach Increase in Ta of 1°C over 25°C,
# 2 Reduced by 3.5mW for each Increass in Ta of 1°C over 25°C.
* 3 Reduced by 3.0mW for each Increase in Ta of 1°C over 25°C.
. @Recommended operating conditions (Ta=25¢C)
Parameter Symbol Min. Typ. Max. Unit
Power supply ertlng Ve 2.7 - 5.5 v
voltage Reading 2.0 - 5.5 v
Input voltage Vi 0 - Voo v
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BR93LC56/BRI3LC56F/BRO3LCS56RF/BRO3LCS56FV

@Electrical characteristics (Unless otherwise noted, Ta=-40 {0 80C, Vec=5V & 10%)

Parameter Symbol Min. Typ. Max. Unit Conditions
"L" input voltage Vi —03 - 08 v
"H" input voltage ViH 20 —  {Vect03| V
“L" putput voltage 1 VoL — — 0.4 v lo.=2.1mA
"H" output voltage 1 Vo 24 - - \' lon=—0.4mA
"L" output voitage 2 VoL - - 0.2 v lo.=10 x A
"H" output voltage 2 Vowz  |Vee—0.4| -~ - v loh=—10 A
Input eakage current Iu —1 - 1 HA Vin=0V~Vce
Output leakage current o —1 - 1 HA Vour=0V~Voe, CS=GND
Operating current Vin=Vin/ Vi, DO=0OPEN

lcct - 1.5 3 mA

consumption 1 f=1MHz, WRITE
Operating current = DO=0PEN
consumption 2 tocz B o7 15 mA \:11 :lAII:leII;lEAcl;
Standby current lsa — 1.0 5 uA CS=8SK=DI=GND, DO=0PEN
(Unless otherwise noted, Ta=-40 1o 80C, Vec=3V & 10%)

Parameter Symbol Min. Typ. Max. Unit Conditions
"L" input voltage Vi —0.3 - 0.15XVee v
"H" input voltage Vim 0.7XVee | — Vec+0.3 v
"L" output voltage Voo - - 0.2 A loo=10 z A
"H" output voltage Vou Voo—04 | — - \ lov=—10 A
Input leakage current lea —1 - 1 pA | ViN=0V~Vcee
Output leakage current o —1 - 1 #A | Vour=0V~Vec, C8=GND
Operating current Vin=Vind Vi, DO=0PEN

bcer - 0.5 2 mA

consumption 1 f=250kHz, WRITE
Operating current lec _ 0.2 ] - ViN=Vind Vi, DO=0PEN
consumption 2 f=250kHz, READ
Standby current lss — 04 3 #A | CS=8K=DI=GND, DO=0PEN

@Electrical characteristics (Unless otherwise noted, Ta=-40to 85C, Vec=2.0V £ 10%)

Parameter Symbol Min. Typ. Max. Unit Conditions
"I input voltage ViL —0.3 —  [0.158X Ve A
"H" input voltage Vih  |0.7XVee | — | Vect0.3 v
"L" output voltage VoL - it 0.2 v Jou=10 A
"H" output voltage Von Vee—04 [ — — \'4 loH==—10 x A
Input leakage current I —1 — 1 pA | Vin=0V~Vcc
Output leakage current o —1 - 1 mA | Vour=0V~Vce, CS=0V
Operating current Vin=Vm/ Vi, DO=0PEN
consumption 2 tocz B ! M | t=200kHz, READ
Standby current Ise - 0.4 3 uA CS=SK=DI=0V, DO=0PEN
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(2) Operation timing characteristics

(Unless otherwise noted, Ta=-40t0 85°C, Vec=5V =& 10%)

Parameter Symbol| Min. | Typ. | Max. | Unit
SK clock frequency fsx - - 1 MHz
SK"H" time tskH 450 - - ns
SK"L" time tskL 450 - — ns
CS"L" time tes 450 — - ns
CS setup time tcss 50 - - ns
Dl setup time tois 100 - — ns
CS hold tme fcsH 0 — — ns
DI hold time toi 100 - - ns
Data "1" output delay time teon - — 500 ns
Data "0" output delay time troo - - 500 ns
Time from CS to outpuf confirmation tsv - - 500 ns
Time from CS to output High impedance foF - - 100 ns
Write cycle time te/w — - 10 ms

For low voltage operation (Unless otherwise noted, Ta=-40 to B5°C, Vee=3V £ 10%)

Parameter Symbol| Min. | Typ. | Max. Unit
SK clock frequency fax - — 250 kHz
SK"H" time tskn 1 - — ua
SK'L" time TsrL 1 - - us
CS "L" time fes 1 - - Hs
CS setup time fcss 200 - - ns
DI setup time tois 400 — - ns
CS hold time tesn 0 - - ns
DI hold time o 400 - — ns
Data "1" output delay time tep1 — - 2 us
Data "G" output delay time troo - - 2 S
Time from CS fo output confirmation tav - - 2 HS
Time from CS to output High impedance tor - — 400 ns
Write cycle time terw — - 25 ms
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BR93LC56/BR93LC56F/BR93LCS56RF/BR93LCS56FV

When reading at low voitage (Unless otherwise noted, Ta=-4010 85C, Vcc=2.0V)

Parameter Symbol| Min. Typ. | Max. Unit
SK clock frequency fsk — — 200 kHz
SK "H" time tskH 2 — - KS
SK'"L" time tare 2 — - uS
CS"L" time tcs 2 — — Ms
CS setup time tcos 400 - — ns
Dl setup time tois 800 — - ns
CS hold time {5 0 — - ns
D! hold time toH 800 — - ns
Data "1" output delay time tei - - HS
Data "0" output delay time teio — — 'L
Time from C8 to output High impedance | tor - - 800 ns

© This product Is not designed to withstand radiation.
@Circuit operation
(1} Command mode
With these ICs, commands are not Command Sé%“ Opggggng Address Data
recognized or acted upon until the
start bit is received. The start bit is tak-  _~ead (READ) ™ 1 10 0AS~AD
en as the first 1" that is received after Write enabled (WEN) 1 00 1 1OXK
the GS pin rises. Write (WRITE) 2 1 01 0A6~AD | D15~D0
*1 After setting of the read command  yy;itg il addresses (WRAL) 2| 1 00 | 01XXXXXX | D15~DO
bt of 0 SK ok 84501 Whesontibs) | 1| 0 |amoooon
output, with data correspondingto ~_Erase (ERASE) © 1 1 OAG~AD
Chip erase (ERAL) 2 1 00 10XXXK

upper addresses then output in se-
quence. (Auto increrment function)

X: May be elther ViH or ViL

*2 When the write or write all addresses command is executed, all data in the selected memory cell is erased auto-
matically, and the input data is written to the cell.
*3 These modes are optional modes. Please contact Rohm for information on operation timing.
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(3) Timing chart

teasl

18KH

teL  ——»

85+

“— tPDO

DO (READ) ——'—'—-‘——“—‘\;\

tesH

DO (WRITE) —<

STATUS VARID

-Data is acquired from DI in synchronization with the 5K rise.

+During a reading operation, data |s output from DO In synchronizatioh with the SK rise.
+During a writing operation, a Status Valld (READY or BUSY) is valid from the time CS is HIGH until time tcs after CS falls following the input of a write
command and befora the outpul of the next command start bit, Also, DO must ba in a HIGH-2 state when CS is LOW.

« After the completion of each mode, make sure that CS is set to LOW, to raset the Internal clrcult, betora changing modes.

Fig. 1 Synchronized data timing
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BRI3LC56/BR93LCS56F/BRI3LC56RF/BRI3LCS56FV

L - T

{4} Reading (Figure 2}

When the read command is acknowiedged, the data
(16 bits) for the input address is output serially. The
datais synchronized with the SK rise during AQ ac-
quisition and a "0” {dummy bit) is output. All further
datais output in synchronization with the SK pulse
rises.

(5) Write enable (Figure 3)

These ICs are set to the write disabled state by the in-
ternal reset circuit when the power is turned on. There-
fore, before performing a write command, the write en-
able command must be executed. When this
command is executed, it remains valid until a write dis
able command is issued or the power supply is cut off.

\' (

However, read commands can be used in either the
write enable or write disable state.

(6) Write {Figure 4)

This command writes the input 16-bit data (D15 to DO)
to the specified address (A6 to AD). Actual writing of
the data begins after C5 falls (following the 27th clock
pulse after the start bit input), and the SK clock which
reads DO falls.

If STATUS is not detected (CS is fixed at LOW), or if
STATUS is detected (CS = HIGH) at a maximum of
10ms, in accordance with the time tz/w, no commands
are accepted while DO is LOW (BUSY). Therefore, no
commands should be input during this period.

r(_

cs_/

{
b

"1 i

0" A [T\ l.cp.n

{4 :

W

00— — o R EeE 0

*1 If the first data input following the rise of the start bit CS is "1", the start bit is acknowledged. Also, i a "1" Is input following several zerpes in
succession, the "1" Is recognized as the start bit, and subsequent operalion commences. This applies alse to all commands described subsequently,

*2 Address auto increment function: These ICs are equipped with an address auto increment function which is effactive only during reading operations.
With this functlon, It the SK clock is Input following exacutlon of ane of the above reading commands, data is read from uppar addresses in succession.

CS is held in HIGH state during automatic incrementing.

' Fig. 2 Read cycle timing (READ)

s [/

|-

Zanhnhhhhnht7.

DO

High - Z

Fig. 3 Write enable cycle timing
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BR93LC56/BR93LC56F/BRI3LC56RF/BRI3LCS6FV

s _/ "

8K

£, .
M . .
tcs H STATUS '\

. 7

HIGH - Z

BUSY READY

v tewm

Fig. 4 Write cycle timing (WRITE)

lf

H STATUS \

mnﬂmmmmmm

"% 0 N A B CN #

-

tov

High-Z

M el
W * { BUSY i AEADY

—
H e H

Fig. 5 All address write cycle timing

(STATUS)

After time tcs following the fall of CS, after input of the
write commandy}, if CS is set to HIGH, the write execute
= BUSY (LOW) and the command wait status READY
(HIGH) are output.

If in the command wait status (STATUS = READY), the
next command can be performed within the time t=/w.
Thus, if data is input via SK and DI with CS = HIGH in
the te/w period, erroneous operations may be per-
formed. To avoid this, make sure that DI = LOW when
CS = HIGH. (Caution is especially important when
common input ports are used.) This applies to all of
the write commands.

{7) All address write {Figure 5)

With this command, the input 16-bit data is written si-
multaneously to all of the addresses (128 words).

Rather than writing one word at a time, in succession,
data is written all at one time, enabling a write time of
te/w.

{8) Write disable (Figure 6)

When the power supply is turned on, the IC enters the
write disable status when a write enable command is
issued. If a write disable command is issued at this
point, however, the IC enters the write disabled status,
just as when the power is first turned on. Subsequent
write commands are cancelled by the software, but
read commands may be executed. In the write enable
status, writing begins even if a write command is en-
tered accidentally. To prevent errors of this type, we
recommend executing a write disable command after
writing has been completed.

s [

L

Dl 1y0 0 0

[pel

High - Z

Fig. 6 Write disable cycle timing (WDS)
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“

@Operating notes
(1) Cancelling modes
{READ)
Start bit Operating code Address Data
1 bit 2his 8 bits 16 bits
: Cancal can be parformed for the entlre read made space
i Cancellation method: GS LOW
{WRITE, WRAL)
Starl bit Cperating code Addrase Data te/w
1 bit 2 blte B olts 16 bits
a b —w

a: Canceled by sstting CS LOW or Voo OFF (%)

b: Cannot be cancelad by any maethod, If Vicc is set to OFF during this time, the data
In the deslgnatad address Is not securad,

“: ¥ee OFF (Voo Is tumed off after CS 15 set to LOW)

Fig.7
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@Operating notes

(2) Timingin the standby mode

As shown in Figure 8, during standby, if CS rises when
SKis HIGH, the DI state may be read on the rising
edge. If this happens, and Di is HIGH, this is taken to
be the start bit, causing a bit error (see point “a” in Fig-
ure 8).

Make sure all inputs are LOW during standby or when
turning the power supply on or off (see Figure 9).

Point a: Start bit position during erroneous operation
Point b: Timing during norrmal oparation

e inini

cs

DI

-} ]

Fig. 8 Erroneous operation timing

S einl
o/

[u]]

Fig. 9 Normal operation timing

{3) Precautions when turning power on and off

When turning the power supply on and off, make sure
CS is set to LOW (see Figure 10).

When CS is HIGH, the EEPROM enters the active
state. To avoid this, make sure CS is set to LOW (dis-
able mode) when turning on the power supply.

(When CS is LOW, all input is cancelled.)

When the power supply is turned off, the low power
state can continue for a long time because of the ca-
pacity of the power supply line. Erroneous operations
and erroneous writing can occur at such times for the
same reasons as described above. To avoid this,
make sure CS is set to LOW before turning off the
power supply.

BR93LC56/BR93LC56F/BR93LC56RF/BR93LC56FV
e |

To prevent erroneous writing, these ICs are equipped
with a POR (Power On Reset) circuit, butin order to
achieve operation at a low power supply, Vcc is set to

operate at approximately 1.3V. After the POR has been
activated, writing is disabled, but if CS is set to HIGH,
writing may be enabled because of noise or other fac-
tors. However, the POR circuit is effective only when
the power supply is on, and will not operate when the
power is off,

Also, to prevent erronecus writing at low voltages,
these ICs are equipped with a built-in circuit (Voe-
lockout circuit) which resets the write command if Vec
drops to approximately 2V ar lower (typ.) (*).

R YR ———

Voo

GNI
A e

cs

GND

Bad example Goad examnple

{Bad example) Herse, the CS pin is pulled up to VCC. In this case, CS Is
' HIGH ({active state). Pleasa be awars that tha EEPROM
may perform erronsous opsrations or write enoneous
data because of noise or other factors, This can oceur
even if the CS inpul Is high-Z.
(Good example) In this case, CS Is LOW when the power supply is
turned on or off.

Fig. 10

(4) Clock (SK} rise conditions

If the clock pin (SK) signal of the BR33LC56/F/FV has
alongrise time (tr) and if noise on the signal line ex-
ceeds a certain level, erroneous operation can occur
due to erronecus counts in the clock. To prevent this,
a Schmitt trigger is built into the SK input of the
BRO3LC56/F/FV. The hysteresis amplitude of this cir-
cuitis set to approximately 0.2V, so if the noise ex-
ceads the SKinput, the noise amplitude should be set
to 0.2Ve-r or lower. Furthermore, rises and falls in the
clock input should be accelerated as much as pos-
sible.

(%) Power supply noise

The BR93LC56/F/FV discharge high volumes of high
voltage when a write is completed. The power supply
may fluctuate at such times. Therefore, make sure a
capacitor of 1000pF or greater is connected between
Vee {Pin 8) and GND (Pin 5).
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- BR93LC56/BR93LC56F/BR93LC56RF/BRO3LCS6FV

(6) Connecting DI and DO directly

The BRO3LCS56/F /FV have an independent input pin
(D) and output pin (DO). These are treated as individ-

ual signals on the liming chart but can be controlled

through one control line. Control can be initiated on a

single control line by inserting a resistor R between the

[DI] pin and [DO] pin.

¢ - COM BROILCSE /F / FV

1/ O PORT
ol

oo

Fig. 11 Common connecticns for
the DI and DO control line

i} Data collision between the x-COM output and the
DO output

Within the input and output timing of the BR93LC56/
F/FV, the drive from the x-COM output to the Dl input
and a signal output from the DO output can be emitted
at the same time. This happens only for the 1 ¢clock
cycle (a dummy bit “0" is output to the DO pin) which
acquires the AO address data during a readcycle.
When the address data AQ = 1, the x-COM output be-
comes a direct current source for the DO pin.

The resistor R is the only resistance which limits this
current. Therefore, a resistor with a value which satis-
fies the x-COM and-the BRE3LCS6/F/FV current ca-
pacity is required. When using a single control line,
when a durmmy bit "0” is output to the DO, the x-COM
I/ O address data AO is also output. Therefore, the
dummy bit cannct be detected.
2) Feedback to the DI input from the DO output

Data is output from the DO pin and then feeds back
into the DI input through the resistor R. This happens
when .

- DO data Is output during a read operation

« AREADY /BUSY signal is output during a WRITE or
WRAL operation

Such feedback does not cause problems in the basic
operation of the BRO3LCS6/F/FV.
The x-COM input level must be adequately main-
tained for the voltage drop at R which is caused by the
totalinput leakage current for the x-COM and the
BR9O3LCS6/F/FV.

In the state in which SKis input, when the READY/
BUSY function is used, make sure that C$ is dropped
to LOW within four clock pulses of the output of the
READY signal HIGH and the standby mode is restored.
For input after the fifth clock pulse, the READY HIGH
will be taken as the start bit and WDS or some other
mode will be activated, depending on the DI state.
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@®External dimensions (Units: mm)

BRI3LCS56 BRI3LCS6F/RF
50202
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Notes

@ The contents described in this catalogue are correct as of March 1997.

@ No unauthorized transmission or reproduction of this book, either in whole or in part, is
permitted.

@ The contents of this book are subject to change without notice. Always verify before use
that the contents are the latest specifications. If, by any chance, a defect should arise in
the equipment as a result of use without verification of the specifications, ROHM CO., LTD.,

~ can bear no responsibility whatsoever.

@ Application circuit diagrams and circuit constants contained in this data book are shown
as examples of standard use and cperation. When designing for mass production, please
pay careful attention to peripheral conditions.

@ Any and all data, including, but not limited to application circuit diagrams, information, and
various data, described in this catalogue aré intended only as illustrations of such devices
and not as the specifications for such devices. ROHM CO., LTD., disclaims any warranty
that any use of such device shall be free from infringement of any third party's intsllectual
property rights or other proprietary rights, and further, assumes absolutely no liability in the
event of any such infringement, or arising from or connected with or related to the use of
such devices.

@ Upon the sale of any such devices; other than for the buyer's right to use such devices
itself, resell or otherwise dispose of the same; no express or implied right or license to
practice or commercially exploit any intellectual property rights or other proprietary rights
owned or controlled by ROHM CO., LTD., is granted to any such buyer.

@ The products in this manual are manufactured with silicon as the main material.

@ The products in this manual are not of radiation resistant design.

The products listed in this catalogue are designed to be used with ordinary electronic equip-
ment or devices (such as audio-visual equipment, office-automation equipment, communica-
- tions devices, electrical appliances, and electronic toys). Should you intend to use these prod-
ucts with equipment or devices which require an extremely high level of reliability and the
malfunction of which would directly endanger human life (such as medical instruments, trans-
portation eguipment, aerospace machinery, nuclear-reactor controllers, fuel controllers, or oth-
er safety devices) please be sure to consult with our sales representatives in advance.

@ Notes when exporting

* It is essential to obtain export permission when exparting any of the above products
when it falls under the category of strategic materlal (or labor) as determined by forsign
exchange or foreign trade control laws.

* Please be sure to consult with our sales representatives to asceriain whether any prod-
uct is classified as a strategic material.




