Memory ICs

2,048/4,096-Bit
Serial Electrically Erasable PROM

BR9020/BR9020F
BR9040/BR9040F

@®Features @Pin configuration
* Low power CMOS technology '
* 128 x 16 bits configuration (BR9020/F) &[] s 5] vee mB[1] O o1 i
256 x 16 bits configuration (BR9040/F)
- 2.7V 1o 5.5V operation &K [2] 7] 7% vee[z] poonaoe, [ oo
+ 4-wire Bus Interface o[ BR9020 /9040 S s P [ oo
* 1MHz Clock Rate :
+ Low power consumption oo [+] [5] ono 5K [4] 5] oI
— 1.5mA (max.} active current : 3V
— 2 u A (max.) stanby current : 3V ®Pin name
- Automatic erase-before-write
* Hardware and Software write Protection Pin .
. . Function
— Default to write-disable state at power up Name
- Software instructions for write-enable/disable CS | Chip select input
- ch lockout .|nadvertent write protection 3K Serial data clock input
* 8-pin SOP/8-pin DIP pockages - - -
. ) ) . . DI Operating code, address, and serial data input
+ Device status signa! during write cycle (R/B pin &
DO pin) (»]0] Serial data output
- 100,000 Erase/write cycles GND | Reference voltage for all 110, 0 V
* 10 years Data Retention - wWe Write control input

R/B READY, BUSY status signal output
Voo Power supply connection

@Overview

The BR9020, BRO020F, BRO040, and BRO04OF are serial EEPROMSs that can be connected directed to a serial port
and can be erased and written to electrically. The BR9020/ F is configured of 128 words X 186 bits, and the
BRO040/F of 2566 words x 186 bits.

Writing is performed in word units, using four types of operation commands. The commands are synchronized to
the SK pin (serial clock input), and data is read through the DI pin and output tram the DO pin. WC pin contral is
used to Initiate a write disabled state, enabling these EEPROMS to be used as one-time ROMs. During writing, op-
eration can be checked from the R/B pin and the DO pin.
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@Block diagram

> R/B
Command code D
P !
cs_y| Control < votage detoctor
Clock generation Y Y
—>| writo disable |  Highvoltage
gensrator
5K —» —— WC
r ) l—
c " Addrass buiter 7(8- )' y Address decodar 7(8) I\
- omman: — A
oI ragister S bit bit
2048 (4086)-Di
] l— EEPROM array
Data register 16bit RAN amplifier 16bit
DO «
* Vaiwes in parenthases are for the BRO040,
@Absolute maximum ratings (Ta=25T)
Parameter Symbol Limits Unit
Applied voltage Voo —0.3~7.0 '
N DiIPg 500*1
Power dissipation Pd mw
SOP8 as50*2
Storage temperature Tslg —B85~125 C
Operating temperature Topr - —40~-85
Terminal voltage - | - —08~Voct+03 v
™1 Reduced by 5.0mW for each increase in Ta of 1°C over 25°C.
*2 Reduced by 3.5mW for sach Increase In Ta of 1°C over 25°C.
@Recommended operating conditions
Parameter Symbol Limits Unit
2.7~5.5 (WRITE) v
Power supply voltage Veo -
2.0~55 (READ) v
Input voltage Vi 0~Veo \i
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Memory ICs BR9020/BR9020F/BR9040/BR9040F

@Electrical characteristics
BR9020/F : At 5V (Unless otherwise noted, Ta=-40to B5C, Vcc=5V = 10%)

‘ Parameter Symbol | Min. | Typ. | Max. Unit Conditions
"L" input voltage 1 Vil — -— [0.3XVee| V DI pin
"H" input voltage 1 ViHy  10.7XVee| - - A DI pin
"L" input veltage 2 ViLz - ~ |0.2XVec| V CS, SK, WC pin
"H" input voltage 2 ViHz  |0.8XVee| - — vV | T8, 8K WC pin
"L" output voltage Vo 0 - 0.4 \4 loL==2.1mA
"H" output voltage Vou |Vec—0.4| -- Voo A lon=—0.4mA
Input leakage current Iui —1 - 1 pA | Vn=0V~Voc C5=Voc
Output leakage cutrent o —1 - 1 phA | Vour=0V~Vec C5=Vce
Operating current lcct - | - 2 mA | fse=1MHz {E /W=10m8 (WRITE)
consumption lccz - - 1 mA | fsk=1MHz {(READ)
Standby current Iso - - ] uA | C8BK,DIWC =V DOR/B=0PEN
SK frequency fax — - 1 MHz -

BRO020/F : At 3V (Unless otherwise noted, Ta=-40to 85°C, Vec=3V + 10%)

Parameter Symbol| Min. | Typ. | Max. uUnit Conditions
"L" input voltage 1 Vi1 — — 0.3XVce, V DI pin
"H" input voltage 1 Vi1 {0.7XVeo| — - v DI pin
‘L' input voltage 2 ViLe - — 0.2XVee| C35, SK, WC pin
"H" input voltage 2 Viz [0.BXVee| — — v C8, SK, WC pin
"L* output voltage Vou 0 -— 0.4 \ loo=100 p A
"H" output voltage Vo |Vec—0.4] — Vaoc v lon=—100 z A
Input leakage current Iu — - 1 A Vin=0V~Vcc
Output leakage current o -1 - 1 #A | Vour=0V~Vec C8=Voe
Operating current feet — — 1.5 mA | R=1MHz IE / W=15mS (WRITE)
consumption lce | — | — | 500 | xA | tw=1MHz (READ)
Standby current lsa - — 2 pA | C58K,DIWC,=Vec DO,R/B=0PEN
5K frequency sk — - 1 MHz -
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BRY040/F & At 5V (Unless otherwise noted, Ta=-40 t0 85°C, Vee=5V * 10%)

Parameter Symbol | Min, | Typ. | Max. Unit Conditions
"L" input voltage 1 C Vit — = |0.3XVce| V DI pin
"H" input voltage 1 Vi1 |07 XVee| — - DI pin
"L" input voltage 2 ViLz - — |0.2XVec| V T8, SK, WC pin
"H" input vollage 2 Vinze [0.8XVes| — - v €5, SK, WC pin
"L" output voltage VoL 0 - 0.4 v loL=2.1mA
"H" output voltage Vou |Vee—0.4| — Vee v lon="--0.4mA
Input leakage current Iu —1 - 1 HA | VIn=0V~Vcee CE=Vee
Output leakage current o —1 - 1 HA | Vour=0V~Vcc T8=Vue
Operaling current lect - - 2 mA | fk=1MHz tE/W=10mS (WRITE)
consumption ooz | — | — | 1 mA | fs=1MHz (READ)
Standby current lse - - 3 pA | C55KDIWC,=Vee DO,R/B=0PEN
5K frequency sk - - 1 MHz -

BRY040/F : At 3V (Unless otherwise noted, Ta=-40to B5C, Vee=3V £ 10%)

Parameter Symbol| Min. | Typ. | Max. Unit Conditicns
"L" input voltage 1 ViLi — = [0.3XVee| V DI pin
"H" input voltage 1 Vi1 |0.7XVee| — — v Dl pin
"L input voltage 2 ViLz — — 0.2XVee| V C5, 5K, WC pin
"H" input voltage 2 Vinz |0.8XVec| — - v CS, 8K, WC pin
"L" output voltage Voo 0 - 0.4 v loL=100 p A
"H" output voltage Vo |Vee—0.4| — Vee v los=—100 u A
Input leakage current I —1 - 1 HA | VIn=0V~Vce
Oulput leakage current lo -1 - 1 #A | Vour=0V~Vec TS=Vce
Operating current lcc - — 1.5 mA fsw=1MHz {E / W=15mS (WRITE)
consumplion

locz - - 500 £A | ts=1MHz (READ)
Standby current lss — - 2 kA | C58K,DIWC,=Vee DO,R/B=0OPEN
_— — — 1 MHz | Vec=3.0~3.3V
SK frequency fsx
- - 750 kHz Veoo=2.7~3.0V
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Memory ICs BR9020/BR9020F/BR9040/BR9040F

.Opération timing characteristics
BRS020/F : At 5V (Unless otherwise noted, Ta=-40to 85°C, Vee=5Y & 10%)

Parameter Symbol Min. Typ. Max. Unit
cs setup time tCss 200 - - ns
CS hold time 1CSH 0 - - nS
Data setup time iDIS 150 - — ns
Data hold time tDIH 150 - - ns
DO rise delay time tPD1 - - 350 ns
DO fall delay time tPDO - - 350 ns
Self-timing programming cycle tE/W - - 10 mS
CS minimum "H" time 1Cs. 1 — - us
READY/BUSY display valid time sV — — 1 us
Time at which DO goes High-Z (from CS) tOH 0 - 400 nS
Data clock "H" time twhH 450 - - nS
Data clock "L" time twiL 450 - - nS
Write control setup time tWCS 0 - - ns
Write control hold time tWCH 0 - — nS

BRI020/F © At 3V {Unless otherwise noted, Ta=-40t0 B5°C, Veo=3V £ 10%)

Parameter . Symbol Min. Typ. Max. Unit
cs setup time 1CSS 200 - - ns
CS hold time tCSH 0 - - nS
Data setup time oIS 150 — - nsS
Data hold time tDIH 150 - - nS
DO rise delay time tPDA — — 350 nS
DO fall delay time tPDO - - 350 ns
Self-timing programming cycle tE/W - — 15 mS
€S minimum "H" time tCS 1 - - #5
READY/BUSY display valid time 1sv - - 1 »®S
Time at which DO goes High-Z (from CS) tOH 0 - 400 nS
Data clock "H" time twH 450 — - nS
Data clock "L" time twi 450 - - nS
Write control setup time WCS 0 - - ns
Write control hold time tWCH 0] — - nS
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BRI040/F : At 5V (Unless otherwise noted, Ta=-40 to 857C, Vec=5V * 10%)

Memory [Cs

Parameter Symbol Min, Typ. Max. Unit
CS setup time 1CSS 200 - - nS
CS hold time 1CSH 0 - - nS
Data setup time tDIS 150 -— — n3
Data hold time tDIH 150 - - nS
DO rise delay time tPD1 - - 350 ns
DO fall delay time tPDO - - 350 nsS
Seli-timing programming cycle IE/W - - 10 mS
CS minimum "H" time 1S 1 — - 48
READY/BUSY display valid time SV — — 1 us
Time at which DO goes High-Z (from €S) 10H 0 - 400 ns
Data clock "H" fime tWH 500 - — ns
Data clock "L" time twL 500 - - nS
Write control setup time tWCS 0 - — nS
Writs control hold time tWCH 0 - - ns

BR9040/F © At 3V (Unless otherwise hoted, Ta=-4010 85C, Voc=3V * 10%)

Parameter Symboli Min. Typ. Max. Unit
CS setup time ICSS | 200 - - ns -
CS hold time tCSH 0 - - nS
Data setup time tDIS 150 — - nS
Data hold time - tDIH 150 - - ns
DO rise delay time Vec =3.0t0 3.3V tPD1 - - 350 ns
DO fall delay time Vec =3.0t0 3.3 V tPDO — - 350 nS
DO rise delay time Vec = 2.7t0 3.0V tPD1 - — 500 nS
DO fall delay time Vee =2.7 10 3.0 V tPDO - - 500 nS
Seli-timing programming cycle tE/W - - 15 mS
CS minimum "H" time tCS 1 - - #S
READY/BUSY display valid time 18V - - 1 uS
Time at which DO goes High-Z (from CS) 10H 0 - 400 nS
Data clock "H" time Vec=3.0 to 3.3 V tWH |- 500 — - nS
Data clock "L" time Vec=3.010 3.3 V tWL 500 - - nS
Data clock "H" time Vec=27103.0V tWH 650 — - nS
Data clock "L" time Voc =2.7 10 3.0 V twL 650 - - nS
Write control setup time tWCS 0 - - nS
Write control hold time tWCH 0 - - ns
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@Synchronized data input/output timing

| DIS - : |

/ \

Fig.1

* Input data is read at rising edge of SK.
+ Data is output from DO in synchronization with the SK falling edge.
- WC is related only to the write commands, and reading and writing can be enabled and disabled regardless of

the status of WC.
« T8 should be set to HIGH for at least the tCS timing between commands. If C5 is LOW, the next command can-

not be received.
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@Circuit operation
1. Command mode

BR9020/BR9020F/BR9040/BR9040F
“

Command Start bit |Operating code Address Data
Read (READ) 1010 1000 AD A1 A2 A3 Ad A5 A6 (A7) ¥
Write (WRITE) 1010 0100 AD A1 A2 A3 Ad A5 AB (A7) * DO D1—D14 D15
Erase/Write enabled {(EWEN) 1010 o1 * ok %k ok ook ok ok
Erase/Write disabled (EWDS) 1010 0000 * ok ok ok ¥ ok ok kK

* Either V4 or Vi
# (0) for BROD2O/F

2, Wiriting enabled/disabled

ENABLE = 11
DISABLE = 900

H
Y
Dl 1 4] 1 Q (] 0 A

Hi-Z

%7777

V27
—

[we]
H
R/B
WC H o L

* When the power supply is turned on, the latch used to acknowlsdge writing is reset in the same way as when the
write disable command is executed. Before entering the write mode, the write enabled mode must first be en-
tered. Once the write enabled mode has been recognized, it remains valid until the write disabled mode is en-

tered, or the power supply is turned off.

* The clock is no longer necessary after the first 16 clock pulses have been received. Any subsequent input will be

ignored.

* WC does not exist for either the write enabled or write dlsabled command, so0 WC may be either HIGH or LOW
when the command is being input.
- Commands are recsived in these modes by means of 8-bit operating codes. Please be aware that, after an oper-
ating code has been entered, commands will not be cancelled even if TS is set to HIGH. (To cancel a command,

Fig.2

either turn off the power supply, or input the command once again.)
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3. Read cycle

H
5K 1 4 8 18 32
L - i i !
: P : e
H —\ | : ; i
o1 )l ;
L i :
H
ol 1 0 1 [v] 1 o 0 0 AD ﬂ 0
L ;

1cs

Hl-Z

)]
Do 1
— 11
H AN W
R/B
WC H oor L

K
C8 ‘ I P ; !
L W ! ; W [ PR >
| H | i STANDBY
H 3 ; | :
1 0 1 [ 1 0 0 i} AO ‘IE.. a7 \ ; ;
o /jx:: h H )
- : T
Hi-Z N
DO )
i 1
H A iy
"R/B
WC H or L

Fig.4 (BR9040/F)

« After the fall of the 16th clock pulse, 16-bit data is output from the DO pin in synchronization with the falling edge
of the 3K signal. (DO output changes at a time lag of tPDO, tPD1 because of internal circuit delay following the
falling edge of the 5K signal. During the tPDQ and tPD1 timing, the tPD time should be assured before data is
read, 1o avoid the previous data being lost. See the synchronized data input/output timing chart in Figure 1.)
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@Circuit operatlon

; |

i} n 1 L
W ! A1

Do
T RLIALN

H— ik ——= |
R/B H ;\ A

LWCH 1-,('
3 1 N d

i A 119

Fig.5 (BRS020/F)

—Lrumﬂmuuwmﬂmw%w

%—\: Mo/ /‘xj

At Ak

Do |
sV i JEIW

H t - {— :
R/B L /

- twes kﬁf:
WC +‘ Ik Ik 1“,0". h A

L ‘ * 1 W W

Fig.6 (BR9040/F)

* During input in the write mode, TS must be LOW, but once writing starts, TS may be either HIGH or LOW. Howev-
er, if CS and WC share the same connection, both T8 and WC should be set to LOW during writing operations.

(It the WT pin is set to HIGH during a writing operation, writing will be fbrcibly interrupted at that point. If this
happens, the data for that address may be lost, in which case it should be rewritten to that address.)

* Following input of a write command, €5 goes HIGH. If TS is then set to LOW, data will be received from 3K and
DI, becauss the command reception status has been entered.
if C3 remains LOW following command input, howaver, without first going HIGH, command input will be can-
celled until TS is set to HIGH.

» Starting from the rising edge of the 32nd clock, the R/B pin goes LOW after tSV has elapsed.

* The R/B pin is LOW during writing operations. (Following the rising edge of 5K after the last data D15 has been
read, the internal timer circuit is activated, and writing of data in the memory cell is automatically completed dur-
ing tE/W.) At this point, 3K input may be either HIGH or LOW during tE/W.

* Following input of a write gtommand, if T35 falls while SK is LOW, the R/B status can be displayed from the DO pin.
{See the section on READY/BUSY states.)
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5. READY/BUSY display (R/B pin and DO pin)

* This display outputs the internal status signal; the R/B pin outputs the HIGH or LOW status at all times. The dis-
play can also be output from the DO pin. Following completion of the writing command, if C3 falls while SKis
LOW, either HIGH or LOW is output. {The display can also be output without using the R/B pin, leaving it open.)

» When writing data to a memory cell, the READY /BUSY display is output from the rise of the 32nd clock pulse of
the SK signal after tSV, from the R/B pin.

R/B display = LOW : writing in progress
(The internal timer circuit is activated, and after the tE/W timing has been created, the timer
circuit stops automalically. Writing of data to the memory cell is done during the tE/W timing,
during which time other commands cannot be received.)

R/B display = HIGH : command standby state

{Writing of data to the memory cell has been completed and the next command can be re-
ceived.)

= \ Closk / \ /_
o \ Wit command WW

HIGH - Z 1 PD > —

t 02— Pt
: READY N Hien-2
DO ' . BUSY '

READY \ BOSY / READY

Fig.7 R/B Status output timing diagram

AB
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@0peration notes .
1. Turning the power supply on and off ' :
* When the power supply is turned on and off, CS should be set to HIGH (= Vi),
* When T35 is LOW, the command input reception state {active) is entered. If the power supply is turned on in this

state, erroneous operations and errcneous writing can occur because of noise and other factors. To avoid this,
make sure CS s set to HIGH (= Vec) before turning on the power supply.

{Good example) Here, the TS pin is pulled up to Vee. _

When turning off the power supply, wait at least 10 msac before turning it on again. Failing to observe this condi-
tion can resultin the internal circuit failing to be reset when the power supply is turned on.

(Bad example) TS is LOW when the powsr supply is turned on or off

In this case, because TS remains LOW, the EEPROM may perform efroneous operations or write erroneous data
because of noise or other factors.

Note: Please be aware that the case shown in this example can also occur if CS input is HIGH-Z,

)
A

Voo

Vee

GND -

e
et

Voo

GND

Good example Bad example

2. Noise countermeasures
2-1. BKnoise ‘
If noise occurs at the rise of the SK clock input, the clock is assumed to be excessive, and this can cause mal-
function because the bits are out of alignment.
2-2. WC noise
During a writing operation, noise at the WC pin can be erroneously judged to be data, and this can cause writing
to be forcibly interrupted.
2-3. Vec noise
Noise and surges on the power supply line can cause malfunction. We recommend installing a bypass capaci-
tor between the power supply and ground to eliminate this problem.

RONM 15
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Memory ICs BR9020/BRI020F/BR9040/BRI04OF

3. Cancelling modes
3-1. Read commands

BK | 32 clock pulses J

Dk I Start bit Operating code I Address J
i 4 bits 4 Hitg 8 bits ;
16 bits

oo ( oo | Dstn . | DI5 )——
< Cancel can be performed for the entire read mede space )

WC HolL

Cancellation method : TS HIGH
3-2. Write commands

5% : | 32 clock pulses |
bl : | Start bit 1 g;pde‘;rating Address | DO ;| Dala D15|

i 4 bits 4blts B bits 16 bits i
R/B : ; \

Cancelling methods

a : Canceled by setting CS HIGH. The WC pin is not involved.

b : If the WC pin goes HIGH for even a second, writing is forcibly interrupted. Cancellation occurs even if the C8 pin
is HIGH. At this point, data has not been written to the memory, so the data in the designated address has not
yet been changed.

¢ : The operation is forcibly cancelled by setting the WC pin to HIGH or turning off the power supply (although we
do not recommend using this method). The data in the designated address is not guaranteed and should be
written once again.

d : If CSis set to HIGH while the R/B signal is HIGH (following the tE /W timing), the IC is reset internally, and waits
for the next command to be input.
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@External dimensions (Units: mrm)

BR9020/BR9020F/BR9040/BR9040F "

BR9020/BRY0V40

03101

32402 34%03

BRBO20F/BRICIOF
5,010.2
8 5
HEH
ol o
E
o 3_[©
1 HEH
1 4
[
E
""“:! Sl 1L_2.l 0._1__]_?_.1

SOFa
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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 shouid arise in
the equipment as a result of use without verification of the specifications, ROHM CO., LTD.,,
can bear no respensibility whatsoever.

Appiication cireuit diagrams and circuit constants contained in this data book are shown
as examples of standard use and operation. When deéigning for mass production, please
pay careful attention to peripheral conditions.

Any and ali data, including, but not limited to application circuit diagrams, information, and
various data, described in this catalogue are intended only as illustrations of such devices
and not as the s’pac'ification's 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 intellectual
property rights or other proprietary rights, and further, assumes absolutely no liability in the
svent of any such infringement, or arising from or connected with or related to the use of
such devices. ‘

Upcn 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 licanse 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 reguire an extremely high leve! of reliability and the
malfunction of which wouid directly endanger human life (such as medical instruments, trans-
portation equipment, aerospace machinery, nuclear-reactor controllers, fuel controllers, or oth-
er safety devices) please be sure to consult with our sales representativés in advance.

Notes when exporting

- It is essential to obtain export permission when exporting any of the above products
when it falls under the category of strategic material (or labor) as determined by foreign
exchange or foreign trade control laws. "

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



