FUJITSU

MICROELECTRONICS, INC.

16,384 WORD BY 4-BIT NMOS
DYNAMIC RANDOM ACCESS MEMORY

DESCRIPTION

The Fujitsu MB81416 is a fully decoded,
dynamic NMOS random access memory
organized as 16384 words by 4-bits. The de-
sign is optimized for high speed, high per-
formance applications such as mainframe
memory, buffer memory, peripheral
storage and environments where low
power dissipation and compact layout are
required.

Multiplexed row and column address in-
puts permit the MB81416 to be housed ina
standard 18-pin DIP that is compatible with
the JEDEC approved pinout. Greater_re-
fresh versatility is provided by a new CAS
before AAS on-chip refresh capability .

The MB81416 also features “page mode”

FEATURES

* Organized as 16384 words by 4-bits

Row Access Time/Cycle Time:
MB81416-10 100nsec max/200 min.
MB81416-12 120nsec max/230 min.
MB81416-15 150nsec max/260 min.

Low Active Power (t min)
MBB81416-10 soamW(max)
MB81416-12 275mW (max.)
MB81416-15 248mW (max.)

All devices 25mW standby

This is nof a fimal
which allows high speed random access of
up to 64 nibble wide words within the same
row address.

The MB81416 is fabricated using silicon
gate NMOS and Fujitsu’s advanced
Double-Layer Polysilicon process. This
process, coupied with single-transistor
memory storage cells, permits maximum
circuit density and minimal chip size.
Dynamic circuitry is employed in the
design, inciuding the sense amplifiers.

Clock timing requirements are non-critical,
and the power supply tolerance is very
wide. Al inputs and outputs are TTL com-
patible.

_* 2msi128 cyclRefresh (A~ Ag)

* Read-Modify-Write Capability

Page Mode Capability for

faster access

* Output unlatched at cycle end

Early Write or Output Enable controls
output butfer impedance

* On Chip Address and Data-in latches
o Standard 18-pin DIP

PRELIMINARY

Sotopnn-dﬂchhmnwlodum

PLASTIC PACKAGE
DiP-18P-M01

CERDIP PACKAGE

+ Single +5V +10% Power Supply * Al Inputs TTL Compatible, iow
« CAS before RAS Refresh capacitive load DiP-18C-C01
* RAS Only Refresh » Three-State TTL Compatible Qutputs
« Hidden CAS before RAS Refresh * On-chip Substrate Bias Generator PIN ASSIGNMENTS
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NOTE: The following IEEE Std. 662-1980
W = Write Enable.

Ag Voo A7 A3

Symbols are used in this data sheet: DQ = Data 1/0, G = Output Enable and
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PRELIMINARY MBS81416-10/MB81416-12/ MB81416-15

Note: This s not u final specification.
Some parametric Saits are subject to change.
ABSOLUTE MAXIMUM RATINGS (See Note) @ ~7
Rating Symbol Vaiue Unit
Voitage on any pin relative to Vgg C\;m, Vom -1 to +7 \
Voltage on Vg supply relative to Vgg Yo" —1to +7 v
Ceramic -55to0 +150
Storage Temperature °
ge femp Plastic Tsta —55t0 +125 c
Power Dissipation Pp 1.0 W
Short Circuit Qutput Current —_ 50 mA
Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are Fi i ion shouid be restricted to the conditions as detailed in the

operational sections of this data sheet. Exposure to absolute maximum rating conditions tor extended periods may effect device reliability. This device contains cir-
cuitry to protect the inputs against damage due to high static voltages or eleciric fields. it is advised that normal precautions be taken to avoid application of any
voitage higher than maximum rated voltages to this high impedance circuit.

s
CAPACITANCE (14 = 25°C) K=
Parameter Symbol Typ Max Unit
Input Gapacitance Ag~ Az, CiNt — 5 pF
Input Capacitance RAS, CAS, W, G CiNz - 8 pF
Output Capacitance DQq ~DQy Cp — 7 pF
RECOMMENDED OPERATING CONDITIONS (Referenced to Vsg) £.77
Parameter Symboi Min Typ Max Unit Operating Temperature
Voo 4.5 5.0 5.5 \
Supply Voltage Vss 0 0 0 v
Input High Voltage ViH 2.4 — 8.5 \ 0°Cto +70°C
lnpfjt Low Voltage, Vi _20 _ 08 v
all inputs except DQ
Input Low Voltage, DQ Viwp® -1.0 — 0.8 \
*The device will withstand undershoots to the —2.0V leve! with a maximum pulse width of 20ns at the ~ 1.5V level.
DC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) R((
Parameter Symbol Min Max Unit
OPERATING CURRENT* MB81416-10 55
Average power supply current 'MB81416-12 | lcct 50 mA
(RAS, CAS cycling; tpg = min) MB81416-15 45
STANDBY CURRENT o
Power supply current (RAS = CAS = Vi) leca 4.5 mA
REFRESH CURRENT1* MB81416-10 38
Average power supply current MB81416-12 leca 35 mA
(CAS = V|, RAS cycling; tge = min) MB81416-15 32
PAGE MODE CURRENT MB81416-10 38
Average power ¢ supply current MB8141612 locs 35 mA
(RAS = vy, CAS cycling; tpg = min) MB81416-15 32
REFRESH CURRENT 2* MB81416-10 42
Average power supply current MB81416-12 lccs 38 mA
(RAS cycling, CAS before RAS) MB81416-15 35
INPUT LEAKAGE CURRENT
input leakage current, any input (0=V|N=5.5V, Voo =55V, he -10 10 A
Vgg = 0V,all other pins not under test = 0V)
OUTPUT LEAKAGE CURRENT
- 1 A
(Data out is disabled, OV < VouT = 5.5V) lou 10 0 "
OUTPUT LEVELS
Output high voltage {lon = —5mA} VoH 24 v
Output low voltage (Io = 4.2mA) VoL 0.4

Note*: Ioc is dependent on output loading and cycle rates. Specified values are obtained with the output open.
Icc is dependent on input low voltage level Vy p, V| p> —0.5V.
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MB81416-10/ MB31416-12/MB81416-15 PRELIMINARY

Note: This i not a final spacification.
Some paremetric limits are subject to change.

AC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) ;:)47

MB81416-10 MB81416-12 MB81416-15
Parameter Notes Symbol Unit
Alternate *Standard Min Max Min Max Min Max
Time between Refrash trer TRVRV — 2 —_— 2 - 2 ms
Random Read/Write Cycie Time tre TRELREL 200 — 230 —_ 260 — ns
Read-Write Cycle Time tawc TRELREL 290 — 330 - 375 — ns
Access Time from RAS 4),(6) trac TRELQV - 100 — 120 — 150 ns
Access Time from CAS (5), (6) tcac TCELQV — 50 — 60 — 75 ns
Output Buffer Turn Off Delay {oFF TCEHQZ 0 30 0 35 0 40 ns
Transition Time tr jns 3 50 3 50 3 50 ns
RAS Precharge Time tpp TREHREL | 90 — 100 — 100 — ns
RAS Pulse Width tRAS TRELREH 100 10000 120 10000 150 10000 ns
RAS Hold Time thsH TCELREH 50 — 60 — 75 — ns
CAS Precharge Time (Page Mode only) tcp TCEHCEL 45 — 50 — 60 — ns
C(ﬁ_ﬁ 5;2?::3‘2;?3399 mods) toen TCEHCEL 40 - 45 - 56 - ns
CAS Pulse Width tcas TCELCEH 50 | 10000 | 60 [ 10000 75 |10000 | ns
CAS Hold Time tcsH TRELCEH | 100 — 120 — 150 — ns
RAS to CAS Delay Time 4, (@) tacp TRELCEL 20 50 20 60 25 75 ns
CAS to RAS Set Up Time tcrs TCEHREL 20 — 25 - 30 — ns
Row Address Set Up Time task TAVREL 0 — 0 — 0 — ns
Row Address Hold Time tRAH TRELAX 10 — 10 — 15 — ns
Column Address Set Up Time tasc TAVGEL 0 — 0 — 0 — ns
Column Address Hold Time tcAH TCELAX 15 — 15 — 20 — ns
Read Command Set Up Time trcs TWHCEL 0 — 0 — 0 — ns
Read Gommand Hold Time @ | e TREHWX | 20 | — | 20 | — | 20 | — | ns
e ormasgd Tme @| ton |t [ o | — [ o -] o[- |m
Write Command Set Up Time wes TWLCEL -5 - -5 — -5 — ns
Write Command Hold Time tweH TCELWH 20 — 25 — 30 - ns
Write Command Pulse Width twe TWLWH 20 — 25 - 30 — ns
Write Command to RAS Lead Time tRwL TWLREH 45 — 50 - 60 — ns
Write Command to CAS Lead Time tewt TWLCEH 45 - 50 — 60 — ns
Data in Set Up Time tos TDVCEL 0 —_ 0 — 0 — ns
Data In Hold Time tpH TCELDX 20 - 25 — 30 — ns
CAS toW Delay ®) towd TCELWL 85 — 100 — 120 — ns
RAS to W Delay 8) tawn TRELWL 135 — 160 — 195 — ns
Access Time from G toEA TGLQV — 25 — 30 — 40 ns
G to Data in Delay Time toeo TGHDV 30 — 35 - 40 — ns
G Hold Time Referenced to W toEH TWLGL 0 — 0 — 0 — ns
Output Buffer Turn Off Delay from G togz TGHQZ 0 30 0 35 0 40 ns
Page Mode Cycle Time tpc TCELCEL 105 — 120 - 145 — ns
Page Mode Read-Write Cycie Time tprWC TCEHCEH 180 — 205 — 240 — ns
C:)SR—SA%‘ %%|$§Zf%c;gﬁesh) trcs TCELREL | 20 - 25 - 30 - ns
C{:‘)Sﬁ%‘-s’-“ng'g“;ngrZ’ SRS Refresh) trcH TRELCEH | 20 | — | 25 | — | 30 | — ns
RAS Precharge to CAS Active Time tapc TREHCEL 20 — 20 — 20 - ns
Refresh Counter Test RAS Puise Width (10) tYRAS TRELREH 280 — 325 — 30 — ns
Refresh Counter Test Cycle Time (10 trrc TRELREL 380 — 435 - 500 - ns
G to RAS inactive Setup Time togs TGLREH 0 — 0 - 0 - ns
Data in to CAS Delay Time (11) tpzo TOXCEL 0 - 0 — 0 = ns
Data in to G Delay Time (11) tozo TDXGL 0 — 0 — 0 - ns
C&”f&’fffg’s’gd o tePR TCEHCEL | 25 - 30 - 30 — ns
Notes: See notes on next page “These symbols are described in |EEE Std. 662-1980: IEEE Standard Terminology for Semiconductor Memory.
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Note: This ia act « fimal

o,

specifica
Some parametric limits are subject 10 change.

Notes:

1.

MB81416-10/MB81416-12/ MB81416-15

6. Measured with a load equivalent to 2 TTL loads and 100pF.
An initial pause of 2004s is required after power up, 7. tgep (Min.) = tray (Min.) + 2ty + tasc (Min): ty = 5ns.
followed by any 8 RAS cycies, before proper operation is t
t
achieved. If the internal refresh counter is to be effective, p‘ggsr’n etg\r,gDT::; ar‘gwl?;lu?jtd ::]OPh;eg:;g'sv:e e(t)zes'aetl:cg-
atm'g'";‘g"‘aifss C_.S -before-RA §(;mt|allzat|on cycles in- trical characteristics only. H tycg = twgs (min.), the cycle
stead o cycles are require is an early write cycle and the data out pin will remain
AC measurements assume tt = 5ns. open circuit (high impedance) throughout the entire cycle.
Vi (min) and Vy (max.) are reference levels for measur- tf icwp = towp (Min.) and tryp = tawp (Min.), the cycle is
ing timing of input signals. Transition times are measured a read-write cycle and data out will contain data read from
between V) (min.) and V,_(max.). the selected cell. If neither of the above sets of conditions
. . . is satisfied, the condition of the data out is indeterminate.
trcp is specified as a reference point only. If trep = trep 9. Either t ¢ b isfied f
{max.) the specified maximum value of tgac (max.) can be - Either tpry of trcy Must be satisfied for a read cycle.
met. If tpop > trop (Max.) then tpac is increased by the 10. Refresh counter test cycle only.
amount that tpcp exceeds taop (Max.). 11, Either tnzc or tgzg must be satisfied for all cycles.
Assumes that tgep = trep (Max.).
READ CYCLE
- tre
. -— tRas —
v ﬂ
LS N 1 N
i a— tosH —| | [—tRP~
‘<—tnco—w“_—t'::“_——’ [—tcRs
- CAS —————
—
__ \_
cas " \N /| 7 N
i task | [tRAH  tasc tean e—tcpN—>]
- <->1 ol
Vi ROW COLUMN
A ADDRESS ADDRESS
! ! TRRH
tacs I"‘ | “'OES_’_Iﬂ_’q._.. trcH
W ViH
Vi l‘—_tCAC
}— trac > [e— torr
DATA Vou HIGH-Z —{ ot HIGH-Z ———
©OUD vo, inzc toea e — >
pata VoH I
(IN) Vo, - D70 ——— 3| le—tOED
= Vik
G
ViL }
WRITE CYCLE (Eaxly Write)
G = Don't Care
tae .
_ -— tras -
RAS Vin N
viL > T —
D CSH RSH it tRP ~—]
t . t
RCD - tcas J—tCRS -2
.V A’
cas ™ /
t tasn | [tRAR  tasc tcaH - PN —]
a—p| o] —D-I ol B2
A Vin ROW COLUMN
ViL ADDRESS ] ADDRESS
- towt —»
u(wcsnl =t H»
ViL ' I
- tAwi ™
tos —] L—— L—lDH —]
DATAVH VALID \/\/ \/ V‘ '\ \/ V
N v DATA IN ‘ ’ ‘A A‘ AA“‘.“.“‘
v
DATA "iH
HIGH-Z
©uny,

QX] Don’t Care



PRELIMINARY

MB81416-10 /MB81416-12/MB81416-15 e e e chanss.
WRITE CYCLE
(Output Enable Controlled)
tre
t
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RAS v \ ) N
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Nots 1: When teyp is satisfied and Gis low {Delayed-Write Cycle), the data out will be “VALID". But when towp is not satisfied, the data out wili be “INVALID".

READ-MODIFY-WRITE CYCLE
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PRELIMINARY MB81416-10/ MB81416-12/ MB81416-15

Note: This is not a fisal specification.
Some pazametric lsmits ars subjact 20 changs.
PAGE MODE READ CYCLE
thas——
_— \'/
AAS v'" .
[N =
tcrs . tee . . - tasn__.| AP
= CSH r=lcp= [~—1CcAs ) ‘
v Vi *-tcas™ — CAs
CAS 7 \ N
Ve tasp| |tasc tasc
== = {tcan 1 1 =-tcan l
tRAH - ! tcan tasci~

A Vin Row M coL COLUMN ) coL
v ADD. ADD. DRESS ADD.
L

AD
| tmeu
*ncs-'-] k| tRoH-* l—— ‘ﬂ tacs tReH = ~ ‘j tacs 1
— Yin §§
v XXX N
Vi
tozc [~ tozc tozc
DATA  ViH HIGH-Z HIGH-Z HGHZ| |
™ v, } teac pzo tpzo R
i tozo J teac J
J torF ™ Ttorr torF
‘CAC]|
pATA  Vou HIGH-Z VALIDR HIGH-Z VALID HieHz! ARG | HIGHZ
©ouwm DATA J, \ DATA J , AT T
ot toEA toez L |0 torz {oEA
toEp toEa [~—=ItoED
o Vin
<]
Vie
PAGE MODE WRITE CYCLE
(G =Don't Care)
tras
RAS Vin
Vi tons s ¢ the
+—tesH f"cv* oas tRsH
v, - tcAS ~= —
CAS M / \ teas |/ \ V. \ cas
'/ tRAH i
"' tasa| |~ tasc| [tcan _ir=tean
Tl tasc ] toan == tasc
Vin Fea oo
ROW COL. COLUMN COL.
A Vi X><ADD. ADD. @Xx ADDRESS ADD

1 L' "'
1 L towL _..{ ) RWL
st wes twes_o [T iCWL™
™ e TR [
Vi - ]
t fuef ¢ tps fo— 11
-D—s’l OH D ton tpg—= L—-
DATA VM F—VALID VALID VALID
(IN) DATA DATA DATA

Vi

v,
?oAJG oH HIGH-Z
VoL

I

€

~
oy

m Don’t Care
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MB81416-10/MB81416-12/ MB81416-15

PRELIMINARY

Note: This ls not » final specification.
Some parnmatric imits are subject 10 change.

PAGE MODE READ-WRITE CYCLE
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v t 4 ¢
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m Don’t Care




PRELIMINARY MB81416-10/ MB81416-12/MB81416-15

Nots: This is sot a final specification.
Souwe pursmetric lmits are subject to change.

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: A, W, G = Don't Care
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m Oon’t Care
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MB81416-10/ MB81416-12/ MB81416-15 PRELIMINARY

Note: This is not a final specification.
so.-nn-ﬁkhﬂ-mnbj.dwehm.

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

!
tarc

— Vin
RAS / \_

Vi trp
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v n csh tePN—— icas
S IH %t
cAS FCS \ /
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v T“ tawL
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m Don’t Care

Note 1: Whon top is satisfied and G is low (Delayed-Write Cycle), the data out will be “VALID". But when tgyp is not satisfied, the data out wilt be “INVALID”.
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Note: This s not a final specificstion.
So—epmnﬂﬂchﬁ.mnbhdlnchnngc

DESCRIPTION
Address Inputs

A total of 14 binary input address bits
are needed to decode any one of
16,384 nibble wide words from the
MB81416's 65,536 memory cells. Ad-
dressing a Random 4-bit word is in-
itiated by establishing 8 row address
bits on the address input pins, (Ag
through Az), and after they are stable,
latching these address bits with the
falling edge of the Row Address
Strobe (RAS). Then 6 column address
bits are established on the address in-
put pins Ay through Ag. After the ad-
dresses are stable, they are latched
with the falling edge of the Column
Address Strobe (CAS). Address timing
is made non-critical by the MB81416’s
“gated CAS” circuitry which automat-
ically inhibits CAS until the Row Ad-
dress Hold time (tgap) has been
satisfied and the address inputs have
changed from row to column ad-
dresses.

Data input/QOutput

The MB81416 has 4 common I/O pins
(DQ4, DQy, DQj, and DQy). Read or
write modes are selected with the
write enable pin (W). An output enable
pin (G) controls the state of the output
buffers making delayed write and
read-modify-write cycles possible. The
DQ pins provide TTL compatible in-
puts and three-state TTL compatible
outputs with a fan-out of two standard
TTL loads. Data-out has the same
polarity as data-in.

Write Enable

The read mode or write modes are
determined by the state of the write
enable pin (W). A logic high on W
selects the read mode and a logic low
on W selects the write mode. When'W
is high (read mode), the data inputs
are disabled. f W goes low and
satisfies the write_command set-up
time (twcg) before CAS goes tow, the
data outputs will remain in the high-
impedance state for the duration of
the cycle. This allows a write cycle to
occur regardless of the state of the
output enable (G).

MB81416-10 /MB81416-12/ MB81416-15

Output Enable

The og_tp_ut buffers are controlled by
both S and_output enabie @. If
either CAS or G are high the output
buffers are in the high impedance
state. During a read or read-modify-
write cycle if both CAS and G are low,
the output buffers are enabled. During
an early write cycle G has no effect on
the output buffers.

Data Inputs

Data may be written into the MB81416
during a write or read-modify-write cy-
cle. The last falling edge of CAS or W,
strobes the data into the 4 on-chi
data latches. In an early-write cycle,
is brought low prior to CAS, and the
data is strobed in by CAS with both
the set-up time (tpg) and hold time
) referenced to the falling edge of
E&% The outputs are in the high im-
pedance state regardiess of G's state.
In a delayed write or a read-modify-
write cycle, W is brought low after
CAS, data is strobed-in by W, and set-

up and hold times are referenced to

W. To avoid buss contention on /O
pins, it is necessary during a delayed

write or a read-modify-write cycle for

G to be high prior to data input so that
the output buffers are in the high im-
pedance state when data is being
written.

Data Outputs

Data can be read from the MB81416
with either a read or a read-modify-
write cycle. These cycles begin with
the outputs in the high impedance
state. The outputs contain_active,
valid data only after both CAS and G
have been brought low and have satis-
fied_the minimum access time from
RAS (trac) and the minimum access
time from the output enable togp.
Outputs contain valid data as long as
both CAS and G are held low. They
return to the high impedance state
when either TAS or G go high.

RAS-Only Refresh

The MB81416’s dynamic memory celis
may be refreshed by performing any
memory cycle at each of the 128 row
addresses (Ag through Ag) at least

*Note: CAS Before RAS Refresh available on request.

1131

every 2 milliseconds. When a row is
accessed all bits in the row are
refreshed. During refresh, A7 (Pin 10)
is not used and either V4 or V|_ may
be applied to this pin.

RAS-only Refresh is a simplified cycle
that consists_of strobing a row ad-
dress with RAS while CAS remains
high. During a RAS-only Refresh cycle,
CAS is high and the output buffers are
in the high impedance state. Strobing
each of the 128 row addresses (Ag
through Ag) with RAS will refresh all
65,536 memory cells in the MB81416.
RAS-onIy Refresh results in a substan-
tial reduction in power dissipation
compared to a full RAS/CAS memory
cycle.

CAS Before RAS Refresh

CAS befare RAS refresh is an on-chip
refresh capability that eliminates the
need for external refresh addresses. If
CAS is held low for the specified set-
up time (tpcg) before RAS goes low,
the on-chip refresh control clock
generators and refresh address
counter are enabled. An internal
refresh operation automatically oc-
curs and the refresh address counter
is internally incremented in prepara-
tion for the next CAS betore RAS
refresh operation.

Hidden CAS Before RAS Refresh

A hidden refresh cycle may be per-
formed while maintaining the latest
valid data at the output by extending
the CAS active time and cycling RAS.
The refresh row address is provided by
the on-chip refresh address counter.
This eliminates the need for the exter-
nal row address that is required by
DRAMs that do not have CAS before
RAS refresh capability.

CAS Before RAS Refresh Counter
Test Cycle

A special timing sequence using the
CAS before RAS Refresh Counter Test
Cycle provides a convenient way to
verify the functionality of the CAS
before RAS refresh circuitry. The cycle
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begins with a CAS before RAS opera-
tion. Then CAS is cycled “high” and
then “low”. This enables a read, write,
or read-modify-write operation to oc-
cur. Four memory cells are accessed
with the location defined as follows:

Row Address —Bits Ag through Ag
are supplied by the
on-chip refresh coun-
ter. Bit Ay is set low
internally.

Column Address — Bits Aq through
Ag are strobed-in
by the_falling
edge of CAS asin
a normal memory
cycle.

Suggested CAS Before RAS Refresh
Counter Test Procedure

The CAS before RAS Refresh Counter
Test Cycle timing is used in each of

the following steps:

1.

Initialized the internal refresh coun-
ter by performing 8 cycles.

. Write a test pattern of “lows” into

each set of 4 memory ceils at a sin-
gle column address and 128 row
addresses. (The row addresses are
supplied by the on-chip refresh
counter.)

. Using read-modify-write cycles,

read the “lows” written during step
2 and write “highs” into the same
memory locations. Perform this
step 128 times so that “highs” are
written into the 128 sets of 4
memory cells.

. Read the highs written during step

3.

. Compliment the test pattern and

repeat steps 2, 3, and 4.
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Page Mode

Page mode memory cycles provide
faster access and lower power
dissipation than normal memory
cycles. In page mode, it is possible to
read, write, or read-modify-write. As
long as the applicable timing re-
quirements are observed, it is possi-
ble to mix these cycles in any order. A
page mode cycle begins with a normal
cycle. While RAS is kept low to main-
tain the row address, CAS is cycled to
strobe in additional column ad-
dresses. This eliminates the time re-
quired to setup and strobe sequential
row addresses for the same page. Up
to 64 nibble wide words may be ac-
cessed with the same row address.



