bg4016/bqa016Y

a BENCHMARQ

Features

» Data retention in the absence of
power

» Automatic write-protection dur-
ing power-up/power-down cycles

» Conventional SRAM operation;
unlimited write cycles

» 10-year minimum data retention
in absence of power

» Battery internally isolated until
power is applied

1024Kx8 Nonvolatile SRAM

General Description

The CMOS bg4016 is a nonvolatile
8,388,608-bit static RAM organized
as 1,048,576 words by 8 bits. The in-
tegral control circuitry and lithium
energy source provide reliable non-
volatility coupled with the unlimited
write cycles of standard SRAM.

The control circuitry constantly
monitors the single 5V supply for an
out-of-tolerance condition. When
Vg falls out of tolerance, the SRAM
is unconditionally write-protected to
prevent an inadvertent write opera-
tion.

At this time the integral energy
source is switched on to sustain the
memory until after Voo returns
valid.

The bq4018 uses extremely low
standby current CMOS SRAMs,
coupled with a small lithium coin
cell to provide nonvolatility without
long write-cycle times and the
write-cycle limitations associated
with EEPROM.

The bg4016 has the same interface
as industry-standard SRAMs and re-
quires no external circuitry.

Pin Connections Pin Names Block Diagram
Ag-Arg Address inputs
et ™ ashv .
ned 2 s h A?;; DQy-DQ7 Data input/output 6§ Ao -
0-Ais
Aigl 3 34 QI NC — > fe———
Ag 4 33 [ A5 CE Chip enable input 2 x 512K x 8
A14 gs 32 ‘5_1_7 —— S'RAKM
AA;E s gg & '\‘211E3 OE Output enable input WE |Bloc PQo -DQy
Ag L] 8 20 B As . x
Ag 5 9 28 P Ag WE Write enable input : —
Ayrd 10 27 P An Power | 2 +" CEcon
| Ag ] 11 26 B GE . I
: a2 o5 B Ag A +5 volt supply input o
A3 24 ACE CE Power- Vee
Agd 14 23 @ D0y Vss Ground —— Fail e——
DQp [ 15 22 O DQg Aw Controt
DOy ] 16 21 [1 DQ
DQ; d 7 2ohb Dgi NC No connect ’
Vgg 3 18 L Lithium
- Cell
36-Pin DIP Moduie T B0-a17
1 PN401601.eps
Selection Guide o r -
Maximum Negative Maximum | Negative I
Part Access Supply Part Access ] Supply }
Number Time (ns) Tolerance Number Time (ns) Tolerance
bq4016MC -70 70 . bq4016YMC -70 70 ,,,Jw - -10%
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bq4016/bq4016Y

Functional Description

When power is valid, the bq4016 operates as a standard
CMOS SRAM. During power-down and power-up cycles,
the bg4016 acts as a nonvolatile memory, automatically
protecting and preserving the memory contents.

Power-down/power-up control eircuitry -constantly moni-
tors the Vec supply for a power-fail-detect threshold
Veep. The bg4016 monitors for Verp = 4.62V typical for
use in systems with 5% supply tolerance. The bg4016Y
monitors for Vprp = 4.37V typical for use in systems
with 10% supply tolerance.

When Ve falls below the Vprp threshold, the SRAM
automatically write-protects the data. All outputs be-
come high impedance, and all inputs are treated as
“don’t care.” If a valid access is in process at the time of
power-fail detection, the memory cycle continues to com-
pletion. If the memory cycle fails to terminate within
time twpT, write-protection takes place.

As Ve falls past Vprp and approaches 3V, the control
circuitry switches to the internal lithium backup supply,
which provides data retention until valid Vcc is applied.

When Vg returns to a level above the internal backup
cell voltage, the supply is switched back to Voc. After
Ve ramps above the Vppp threshold, write-protection
continues for a time toer (120ms maximum) to allow for
processor stabilization. Normal memory operation may
resume after this time.

The internal coin cells used by the bg4016 have an ex-
tremely long shelf life. The bq4018 provides data reten-
tion for more than 10 years in the absence of system
power.

As shipped from Benchmarq, the integral lithium celis
are electrically isolated from the memory. (Self-
discharge in this condition is approximately 0.5% per
year.) Following the first application of Vgg, this isola-
tion is broken, and the lithium backup provides data re-
tention on subsequent power-downs.

Truth Table

o Mode CE | WE T OE 1/O Operation Power

| Notselected | H X | X | Hight  Standby
Output disable | L H H High Z  Adive
Red 1 WL boor | acve
weite | v L0 x L bw adive
Absolute Maximum Ratings

{Ms‘y‘mwt;ol ;érémter | Value \ Unit Conditions

| Voo | DCvoltage appliedon Vec relative toVss | -03t070 V.|
V1 ?e?a%"vlﬁ%ex?s‘?“ed on any pin exclading Voo % 031070 |V VisVoe+0d ;
Topr | Operatingtemperature 0t°+7°* e
 Tsta | Storage temperatuwre . A0te+70 | ¢
TBIAS : Temperature EEC}?I‘ bias o | -10 to +70 OC_, ; -w.,“,WRA_M,;‘_,‘i'
E,,_",F,%?&‘?E_—*;,,?‘i@‘?i“}%FEEP?ET?FE?E,..,‘ _+260 _°C__| For 10 seconds

Note:

Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation

should be limited to the Recommended DC Operating Conditions detailed in this data sheet. Exposure to con-
ditions beyond the operational limits for extended periods of time may affect device reliability.

2/10
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Recommended DC Operating Conditions (Ta = 0 to 70°C)

; . T s
Symbol Parameter Minimum Typical Maximum = Unit ; Notes
: I
4.5 5.0 5.5 i v bq4016Y
Vee Supply voltage e S R
B L - 4.75 5.0 5.5 i v i bgd016
Vss : Supply voltage Q 0 0 ; Vv ;
A% Input low voltage -0.3 - 0.8 ‘ \Y%
. e - e e —
Vin Input high voltage ! 2.2 - V(‘( + 0 3 ‘ A%
Note: Typical values indicate operation at Ta = 25°C.
DC Electrlcal Charactenst:cs (TA = 0to 70°C, vcc,mn < vcc < VCCmax)
] Symbol Parameter Mummum Typlcal } Maxlmum Unit I Condmons/Notes
§ 1 T Y
1 | Input leakage current 1 | :
LI } nput leakage curren ) T’ Lo WA Vin=VestoVec |
i} e B S I e I o
‘ i ' CE=V OE=V ‘
Tro Output leakage current - - 2 + 2 LA WE \}I}I{ or mor
e o S SN SR — _ ,f,, — S . S
Vou Output high voltage 2.4 R Vi Iou=-10 mA -
VoL Output low Voltage D - B _,9:4 A% IOL =2. 1 mA o
Isp1 Standby supplycurrent | - 5 12 | mA | ( CE = Vi ;
3 i 1 OVeVin<02v, |
| Tsga | Standby supply current 25 5 mA | CE 2 Vee- 0.2V, |
; ! I ; or VIN2 Vee - 0.2
S — - . e S S o e ]
i ? ‘ ; Min. cycle, duty = 100%,
Icc ,‘ Operating supply current - 75 i 115 i mA | CE =V Iro = OmA,
L R L | A9 < ViLor A9 > VI,
i 455 4.62 4.75 A bq4016
- Vprp | Power-fail-detect voltage e e e e e
| 4.30< ~ P 437 4.50 M\A{;_w B bqi(z 1£Y'
} Vso Supply swntch—over \oltage - 1 3 i v )
Note Typlcal values indicate operation at Ta = 25°C, Voo = 5V
Sept. 1996 B 310
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Capacitance (Ta = 25°C, F = 1MHz, VCG = 5.0V)

_Symbol Parameter Minimum Typical | Maximum | Unit Conditions
Cro Input/output capacitance - - 20 pF Qutput voltage = OV
Cin Input capacitance - - 20 j 23 Input voltage = 0V

Note: These parameters are sampled and not 100% tested.

AC Test Conditions

Parameter Test Conditions
Input pulse levels 0V to 3.0V
Input rise and fall times 5 ns

Input and output timing reference levels

1.5 V (unless otherwise specified)

+5V ?+5V
g 1.9K(} é 19KQ
Doyr © ' Doyr ©
Ka § 77T 100pF KQ =~ 5pF
] L
= o-n = o-n
Figure 1. Output Load A Figure 2. Output Load B
Read Cycie (TA =010 70°C, VCCmin < VCC < VCCmax)
-70
Symbol Parameter Min. Max. Unit Conditions
" tre Read cycle time 70 - ns
tAA Address access time - 70 ns Output load A
tACE Chip enable access time - 70 ns Output load A
toE Output enable to output valid - 35 ns Qutput load A
tonz Chip enable to output in low Z 5 - ns Qutput load B
toLz Output enable to output in low Z 5 - ns Output load B
tCHZ . Chip disable to output in high Z 0 25 ns Output load B
toHZ . Output disable to output in high Z 0 25 ns Qutput load B
tox | Output hold from address change 10 - ns Output load A
4/10 Sept. 1996 B




bqa016/bqd016Y

Read Cycle No. 1 (Address Access) 12

tac
Address >L ;L

4
1

ton |
i
Dour Previous Data Valid m Data Valid

RC-t
Read Cycle No. 2 (CE Access) 1,3,4
. the !
& 1
N j
e tace 1 #=tonz
o torz é
x N
DOUT ngh~Z ! d High'Z
RGC-2

Read Cycle No. 3 (OE Access) 1.5

»

tre
Address { ;{
————taa —

NN STT77777777.

———tog ——* tonz —¥

OE

m

D Data Valid
out High-Z

High-Z
RC-3

Notes: . WE is held high for a read cycle,

. Device is continuously selected: CE = OE = VL.

OF = VL.

1
2
3. Address is valid prior to or coincident with CE transition low.
4
5. Device is continuously selected: CE = V1.

Sept. 1996 B 510
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Wnte Cycle (TA =0to70°C, VCCmin < vcc < vc::max)

| 7w | | -
Symbol Parameter Min. Max Units | Conditions/Notes
twe Write cycle time 70 - ns
| tew Chip enable to end of write 65 - ns i (1) o
taw_ Address valid to end of write 65 - om w
‘. tas Address setup time 0 - ] ns g;i?ﬁ;eff f;;)jrileagigci)ress vahd to be‘
—_— S AR S S .-
‘ twp Write pulse width 55 - ns ‘ g’llltziaz;‘ll;gtg()(ril)beglnnlng of write to,
2 —_ (\zlvl;xlt;i ze’covery time 5 ) | ns Measured from WE going high to |
ode) - g},@f writecydle. 8) ]
i Write recovery time ! | Measured from CE going iugh t; 4
(R (writecycle2) BT ™ endofwriteqyele®)
tow Data valid to end of write 30 - ns :ﬁfﬁ i‘;ﬁght:rfggtolf vVv‘;g)-hxgh transi- 1
Data hold time ) Measured from WE going hlgh to
LtDHl (writeeyclety 1 0 - ns ! end of write cycle. (4) e
‘ Data hold time Measured from CE going high to
| tDH2 (writecycle2) 10 T Wﬂ‘:’ws‘i;weinfiﬁof write cycle. (4) i
twz Write enabled to output in high Z_w;‘ 0 25 ns w I/O pins are in output state. (5)
;FP_W,fA, (r)rutput_) ﬁgtlve from epd gf wntg o 7T57 " - ms I/O plns are m output state. <5’A_.. ,‘j
Notes 1. A write ends at the earlier transition of CE going high and WE going high.
2. A write occurs during the overlap of a low CE and a low WE. A write begins at the later transition
of CE going low and WE going low.
Either twr) or twre must be met.
4. Either tpH; or tpH2 must be met.
IfCE goes low simultaneously with WE going low or after WE going low, the outputs remain in
high-impedance state.
6/10 Sept. 1996 B
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bq4016/bqa016Y

Write Cycle No. 1 (WE-Controlled) 23

twe

Address X
taw twa

AN XTT777777
. L tag — "-—— twp ———f

WE
RAANCK A

tDw -————-—-«bkh-—-v tDH1 |
D Data-in Valid %{

il
e tyz ——» l'—*—tow~—*

Dour Data Undefined (1) D FighZ '

we-3

Write Cycle No. 2 (CE-Controlied) 12345

o

;k twe v]
A — =
G N ¥
e typ ————————|
we NN\ V.Y

e tow toma —
Dy >1< Data-in Valid }<

—— e twg — —

Dour Data Undefined (1) =

Notes: 1. CE or WE must be high during address transition.

2. Because I/O may be active (OE low) during this period, data input signals of oppoesite polarity to the
outputs must not be applied.

If OF is high, the I/O pins remain in a state of high impedance.
4. Either twri or twrz must be met.

Either tpyi or tpH2 must be met.

Sept. 1996 B 710
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Power-Down/Power-Up Cycle (TA = 0to 70°C)

Symbol | | Minimum

f ]
Typical = Maximum | Unit

Parameter Conditions 1
| tor Vooslew, 4.75t0 425V | 300 i L i s
\ tFs Ve slew, 4.25 to Vso 10 ; - ; - us
| try Veg slew, Vso to Vprp (max.) 0 ! - ; - 1s
Sl s B s e e i . T ( S ey
{ Time during which
. . SRAM is write-protected :
CER - Chip enable recovery time 40 80 120 ms - after Voo passes Vepp on ]
l ‘ ( power-up. '
S I N SR N SO it A —
i Data-retention time in : : o
tDR * absence of Ve, 10 - | - . years Ta= 25°C.(2) j
; - ’C _ R A _ |
! T : :
i ! F | Delay after Vcc slews
| tweT | Write-protect time 40 100 ‘ 150 i Ws | down past Vprp before
‘ i 3 5 : | SRAM is write-
« i i | . protected.
Notes: 1. Typical values indicate operation at Ta = 25°C, Voo = 5V,

Batteries are disconnected from circuit until after Vec is applied for the first time. tpg is the

accumulated time in absence of power beginning when power is first applied to the device.

Caution: Negative undershoots below the absolute maximum rating of -0.3V in battery-backup mode

may affect data integrity.

Power-Down/Power-Up Timing

Voo
CE

PO-B
8/10 Sept. 1896 8
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bq4016/bq4016Y

Data Sheet Revision History

‘ Change No. Page No. Description

! 1 All Changed from “Preliminary” to “Final” data sheet

Note: Change 1 = Sept. 1996 B changes from June 1995.

Sept. 1996 B 9/10
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Ordering Information

bq4016 MC -
-
f ’ T T Temperature:
! J blank = Commercial (0 to +70°C)
- Speed Options:
| 70 = 70ns

- Package Option:
MC = C-type module

— Supply Tolerance:
no mark = 5% negative supply tolerance
Y = 10% negative supply tolerance
‘—Device:
bqd016 1024K x 8 NVSRAM

10/10 Sept. 1996 B
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