FUJITSU
MICROELECTRONICS

NMOS 16,384-BIT DYNAMIC
RANDOM ACCESS MEMORY

MB8117-10
MB&8117-12

DESCRIPTION

The Fujitsu MB8117 is a fully
decoded, dynamic NMOS ran-
dom access memory organized
as 16,384 one-bit words. The
design is optimized for high-
speed, high performance appli-
cations such as mainframe
memory, buffer memory periph-
eral storage and environments
where low power dissipation and
compact layout are required.

Multiplexed row and column ad-
dress inputs permit the MB88117
to be housed in a standard 16-pin
DIP. Pin outs conform to the
JEDEC approved pin cut.

FEATURES
+ 16,384 x 1 RAM, 16 pin
package
« Silicon-gate, Double Poly
NMOS singla-transistor cell
» Address access time
100 ns max {MB&8117-10)
120 ns max {MB8117-12)
* Cycle time,
235 ns min {MB8117-10)
270 ns min (MB8117-12)
s Low power:
182 mW max (MB8117-10)
160 mW max (MB3117-12)
19.5 mW max (Standby)
= +5V single power supply,
+10% tolerance
* On-chip substrate bias
generator
+ All inputs TTL compatible,
low capacitive load
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The MBB8117 is fabricated using
silicon-gate NMOS and Fujitsu's
advanced Double-Layer Polysili-
con process. This process,
coupled with single-transistor
memory storage cells, permits
maximum circuit density and
minimal ¢hip size. Dynamic cir-
cuitry is employed in the design,
including the sense amplifiers.

Clock timing requirements are
non-critical, and power supply
tolerance is vary wide. All inputs
are TTL compatible; the output is
three-state TTL.

+ Three-state TTL
compatible output

¢ Pin 1 auto refresh
capability

* Commeon /O capabllity
using “Early Write”
operation

» Output unlatched at cycle
ond allows extended
page boundary and two-
dimensicnal chip select

* Read-Modity-Write, RAS-
only refresh, and Page-
Mode capability

* On-chip fatches for
Address and Data-in

« Offers two varlations of
hidden refresh

» Pin compatible with
MK4516 and MCM4&16
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CECODER

SEMEE et
142 GATING

5N BT
ETORAGE CELL

CERDIP PACKAGE
DIP-16C-C03

PLASTIC PACKAGE

DIP-18P-M01
PIN ASSIGNMENT
RESH[ |1 7 18] Jvsg
Din[l2 15 | CAS
we[1s 4 14 Jogyr
Ras[]a §§ 13 ] A
as[s :..:. 12[ ] A,
a:f]s - 11 ] A
a[]7 10] ] A
vec[]s g Ine.

This device contains circuitry to protact
the inputs against damage due to high
static voltages or electric figlds. However,
i is advised that normal precautions be
taken to avoid appilcation of any voltage
high ihan maximum rated voltages to this
high impedance clrouit.




ABSOLUTE MAXIMUM RATINGS (See Note)

MB8117-10/ MB8117-12

Rating Symbol Vailue Unit
Voltage on any pin relative to Vgg Vin. Yourt -1to +7 Y
Veoltage on Voo pin relative to Vgg Voo —110 +7 V
Cerdip —556to +150 B
Storage Temperature Flastic Tsig a0 to £125 C
Power dissipation Po 1.0 W
Shert circuit output current - 50 ma

NOTE: Permanent deovice damage may ocour if ABSOLUTE MAXIMUM RATINGS are exceeded. Funclional operational should be
restricted to the conditions as detailed In the operational sections of this data sheet. Exposure to absolute maximum rating
condltions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

{Referenced to Vgg)

Operating
Parameier Symbol Min Tvp Max Unit Temperature
Supply Voltage Voo 45 5.0 5.5 i
Vss 0 0 0 v 0°Cte +70°C
Input High Voitage, ail inputs YiH 2.4 - 6.5 A
Input Low Voltage, all inputs ViL -1.0 — 08 A
CAPACITANCE (T, = 25°C)
Parameter Symbol Typ Max Unit
input Capacitance Ay — Ag, Diy Cint - 5 pF
Input Capacitance RAS, CAS, WE, RFSH] Cing — 8 pF
Qutput Capacitance Doyt Cout — 7 pF
STATIC CHARACTERISTICS
(Recommended Operating Conditions unless otherwise noted.)
MES117-10 MBB11712
Parameter NOTES Symbol Min Max Min Max Unit

OPERATING CURRENT Average Power

Supply Current (RAS, TAS cycting; trg = Min) loe - 33 — 29 maA,
STANDB8Y CURRENT Power

Supply Current (RAS = TAS = vy, lcgz — 3.5 - a5 mA
Doyt = High Impedance)

AEFRESH CURRENT 1 Average Power

Supply Current (RAS eycling, loca - 25 - 22 mA
ﬁA% = ViH; tre = Min)

PAGE MODE CURRENT Average Power

Su%?ly Current1 (RAS = V), loos — 25 - 22 mA

cycling, tpg = Minj

REFRESH CURRENT 2 Average Power Supply

Current {RFSH cycling, RAS = CAS = V|iy; tpc = Min) lccs — 28 — 25 mA
INPUT |LEAKAGE CURRENT

Current, any input {0V = V|y= 5.5V) e -10 10 =10 10 pA
Input pins not under test = OV,

4.5V= Yoo = 5.5V, Vgg = OV

OUTPUT LEAKAGE CURRENT (Data

out is disabled, OV < Voyr <5.5V oy -10 10 —-10 10 wA
QUTPUT LEVEL Output Low Voltage

{loL = 4.2 mA) VoL — 0.4 — 0.4 v
OUTPUT LEVEL Qutput High Voltage

floH = =5 mA) VOH 24 — 24 - v

MNolas: |I| I is depandent on cutput icading. Specified values are obtained with the outpul opan.
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MB8117-10/ MB8117-12

DYNAMIC CHARACTERISTICS [NOTES 1.3, 3]

{Recommended operating cenditions unless otherwise noted.)

MB 8117-10 MB 811712 .
Pararneter Symbol Unit
Min Max Min Max
Tirne Between Refresh tREF — 2 — 2 ms
Random Read/Write Cycle Time tre 235 - 270 — ns |
Read-Write Cycle Time tRwe 285 — 320 - ns
Page Mode Cycle Time o tpe 125 - 145 — ns
Access Time from RAS T @@— i taac | ; | 100 - 120 ns
Access Time from CAS BE | teae - 55 - 65 ns
Output Buffer Turn O Delay tarE 0 45 0 50 _ns |
| Transition Time 15 3 50 3 50 ns
| FAS Precharge Time tar 110 - 120 | — s
RAS Pulse Width tnas | 115 | 10000 | 140 | 10000 | ns |
| RAS Hold Time thar | 70 _ 85 -- hs
CAS Prechange Tlme tall cvcies except page mcgg:le] tepm 50 — 55 - ns
CASP Precharge Tim; Hs?ge made o.;im - Tcp 60 | - 70 - ns
CAS Pulse Width . teas | 56 | 10000 | 65 | 10000 | ns |
CAS Hold Time T T s J 00 TS T2 T ST
RAS to CAS Detay Time 78 | teco | 25 45 25 56 ns
CAS 1o RAS Precharge Time T T .-E,;p ....... o [ = o T < __5_75__‘
Row Address Set Up Time o _—_ tels"n_—w F ) - 0 - | ns
| Row Address Hald Time | tran ___15: d_ — 15 = ns:
Column Address Set Up Tlme T tase 0_ T =] D— — | n‘s
Column Address Hold Time Ican 15 — ‘IS_ - ns
Column Address Hold Time Referenced mﬁs teé 66_ T = ?b T | r;s
| Read Command d Set Up Time taes T - o — s
| Read Command Hold Time tagw | 0 — 0 — |__ ns |
Write Command Set Up Time @ | twes o | = & | = s
Write Command Hold Time twen 30 — 35 — ns |
Write Command Hold Time Referenced to RAS tw_é; 75 - 90 - ns |]
| Write Command Pulse Width twe | 30 — 13 | = | ms |
Write Command to _FETS lead Time tgwt ) _6@_ j— N 65__ = ] _n_s I
‘Write Command 1o CAS Lead Time towe | 95 - 50 - ns |
Data tn Set Up Time _ _ =3 _4 o1 =19 = | m |
Data In Hold Time Ctow | 30 - 35 - ns
Data In Hold Time Referenced 10 RAS tonm | 75 — | 90 - |7ns
TAS 1o WE Delay B | tcwo | 55 1 es - ns
RAS to WE Delay - Bl | tawo _L 100 - 120 | — ns
Read Command Hold Tlme Referenced to RAs | thmn | 20 - 25 | — ns
FIFSH Set Up Time Referenced to RAS trsm } 11_0“ I 120§ — ns
AS to RFSH Delay tarn | 110 | — | 120 — | s
W‘ Cycle Time tec 236 | — 270 - ns
RFSH Pulse Width tep 100 - 120 - ns
| RFSH Hold Time Referenced to BAS 08 | tewm o - 0 - ns
| RFSH Precharge Time B 110 - 120 — ns
RFSH 10 RAS Delay [ | trpo § 55 — | 65 — s |
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An inltial pause of 200, is required. Then several cycles
are required after power up before proper device opera-
tion is achieved. Any 8 cycles which perform refresh are
adequate for this purpose.

If internal refrash counter is to be effactive, a minimum
of 64 active RFSH initialization cycles is required. The
internal refresh counter must be activated a minimum of
128 times avery 2 ms if the AFSH refresh function is us-
ed

Besides RFSH must be held high even if the RFSH
refresh function is not used.

Dynamic measurements assume tt = 5ns.

Vinimin} and V) imax) are raference levels for measur-
ing timing of input signals. Also, transition times are
measured batween Vg and V.

Assumas that taop < tpep(mas). I taen 18 greater than
the maximum recommended value shown In this tapie,
tRac will increass by the amount that igcp exceeds the
value shown,

& [l

MB&117-10/MBB117-12

Azsumes that tpep > tpepimaxh

Maasured with a lead equivalent to 2 TTL Ioads and
100pF.

Operation within the ipgpimex) Jimit insures that
tragimax) can be met. tgopi{max} is specified as a
referance paint only; if tgop is greater than the specified
tpepimax) limit, then access time is controlled eax-
clusivaly by teac.

tpaciming = tgayiming + 2t + tasc{min).

hwis: towo and tawp are not restrictive operating
parameters. Thay are included in ihe data shael as alec-
trical characteristics anly. U byes > twes{ming, the cy-
cle is an early write ¢ycle and the data out pin will re-
main opan circuit (high impedance} throughoui antira
cycle. If towp > towpimin) and tawp > trwpiming, the
cycle is a read-write gycle and data out will contain data
read from the selected gell. It neither of the above sets
ot conditions is satisfied the condition of the data out is
indeterminate.

Test mode write cycle only.

READ CYCLE
ViH—
RFS Vi~ _/
'R
t
FSR tAay
—_— Wiy - . AR
RAS N / I\
Vi -
fcan ap
tRen RS H e {2 R ]
t
Vi CAS =
CAS
Vi - \ -\t / \._
t
PN
tasm | [TRAaM  tasc tead
ADDRESSES
WE
tRAC b—OFF
Von- N F R E
CouT VoL - OPEN { DATA >____..._.
Don‘tCare




MB8117-10/MB8117-12
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ADDRESSES

DouT

Din

WRITE CYCLE (EARLY WRITE)
V- s
V“-_——JZ ‘SR tac
v _— 7 ~lR2s5 \r y
L \ b l f
ViL- — : b
lesH : i tRe
RSH
tFICDI cAs fmt— 1 R —]

Vi L \ /‘ /f L
ViLT k | W

tash -'-.iAH tagse tean topn

_ t tDHR
:C’H_ OPEN
oL 3 Don't Care
REAL-WRITE /READ-MODIFY-WRITE CYCLE
ViH—
T
"rsR tRwe
— fRa
ViH- \ lag
ViL- K \\_._
tREH TRP =]
RCD cas terp
Il
Vin—
¥yl N A/ N
tase! [tRARH tasc
s —-—] tcan "‘-'tCPN_"4
Vin- ROW f COLUMN
Yy~ DRESS ADDRESS 4
! i |
TRWD
YHCSH !
Vin— #
ViL—
eac
Von—
Voo

-

Dign’t Lare
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RAS-ONLY REFRESH CYCLE
Note: RFSH = Vi, TAS = V), WE = Don't Care

MB8L17-10/MB8117-12 —‘

tRC
tRAS
Viv~ /( \\___
ViL- ¥
tAAM f tRp
LASR
Vim- ROW
ADDRESS
Vam-
OFEM.
Voo~
Don't Care
PAGE-MODE READ CYCLE
Vip—
V-
thas

TFSA




MB8117-10/MB8117-12

PAGE-MODE WRITE CYCLE
—— Vg~
HAF5H ol en
tRAS
RAS
TAS

v
ADDRESSES

WE
Din
Don't Care
HIDDEN RAS-ONLY REFRESH CYCLE
N Vin= "y
AFSH JH
1IH™
FSR TRAS ——1RF
== Vin- 3 i R
RAS vi— N 7 N
-‘—tRCO—-—
|
_ V- \ —
CAS V- /
teaH lasSR TRaAH
P Gl I e
ADDRESSES cOL. ADD. ROW ADD.
TR R ]
WE
oA
tRAC
Vou- v
Dout vg:— — VALID DATA
L}

Don't Care
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MBB117-10/MB8117-12

RFSH REFRESH CYCLE

. ¥im=
RA

s Yil—

tAFp—={ | tep 1| tF5R
Yy PR
RFSH V:H_ ¥
- "RaH

ANDRESSES
— Vin—
HAS ViL—
_ Vi
R
_ Vi
AFSA iy

ADDRESSES _ ROW

i Vg
WE V- ; ; :
cac
ot B 1, £ ] 10FF4‘ Fum—
o, V-
ouT VoL— VALID DATA >__
RFSH COUNTER TEST WRITE CYCLE
tey
T Vi~
3
AFsH Vem
Vg o —— ‘-.—u:._.p
FRD . one
LT Vinm ¥ ;
Vi —
tap
tAco cas I'
—— Win— k'
LAS Vi~ \r k
ADDRESSES OGRESS
I
f——— by
WE
T
———lgs__\ FtDH
O VaLID DATA

Don't Care




MB8117-10/MB8117-12

DESCRIPTION

Address Inputs

A total of fourteen binary input ad-
dress bits are required to decode any
1 of 16,384 storage cell locations
within the MBB117. Seven row-ad-
dress bits are established on the in-
put pins {Ag through Ag) and latched
with the Row Address Strobe (RAS).
Then seven column-address bits are
established on the input pins and
latched with the Column Address
Strobe (CAS). Ali input addresses
must be stable on or before the fall-
ing edge of RAS. CAS is Internally in-
hibited (or “gated™} by RAS to permit
triggering of CAS as soon as the Row
Address Hold Time (tpaH) specifica-
ticn has been satisfied and the ad-
dress inputs have been changed
from row-addresses to column-ad-
dresses.

Write Enable

The read mode or write mode is
selected with the WE input. A logic
“high” on WE dictates read mode;
logic “low” dictates write mode.
Drata input is disabled when read
maode is selected. WE can be driven
by standard TTL circuits without a
pull-up resistor.

Data Input

Data written into the MB8117 during
a write or read-write cycle. The last
talling-edge of WE or CAS is a strobe
tor the Data In (D) register. In a
write cycle, if WE is brought low
{write mode) before TAS, Dy is
strobed by CAS, and the set-up and
hold times are referenced to CAS. In
a read-wrlte cycle, WE will be
delayed untii CAS has made its
negative transitlon. Thus Dyy is
strobed by WE, and set-up and hold
times are raferenced to WE.

Data Output

The cutput buffer is three-state TTL
compatible with a fan-cut of two
standard TTL loads. Data-cut is the
same polarity as data-in. The ocutput
{s in a high impedance state until
CAS is brought low. In a read cycls,
or a read-write cycle, the output is
valid after tgac from transition of
RAS when {ipop (max) is saisfied, or
after tcac from transition of TAS
when the transition occurs after
taco (max). Data remains valid untll

is returned to a high level. In a
write cycle the identical sequence
occurs, but data is not valid.

Page-Mode

Page-mode operation permits strob-
ing the row-address into the MBS117
while maintaining BAS at a logic
“low" throughout all successive
memory operations in which the row-
address doesn't change. Thus the
power dissipated by the negative go-
ing edge of AAS is saved. Further, ac-
cess and cycle times are decreased
because the time normally required
to strobe a new row-address is elimi-
nated.

RAS-Only Refrash

Refrash of the dynamic memory cell
is accomplished by performing a
memory cycle at each of the 128 row-
addresses at least every two mil-
liseconds. RAS-oniy refresh avoids
any output during refresh because
the output buffer is in_the high im-
pedance state unless CAS is brought
low. Strobing each of the 128 row-
addresses with BRAS will cause all
bits in each row to be refreshed, Fur-
ther RAS-only refresh results in a
substantial reduction in power dissi-
pation.

RFEH Refresh

RFSH type refreshing available on
the MB8117 offers an alternate
refresh method. When RFSH (Pin 1)
is brought low and RAS is inactive,
on-chip refresh control clock
generators and a refresh address
counter are enabled and an internal
refresh operation takes place. When
RFSH is brought high {inactive) the
internal refresh address counter is
automatically incremented in prepa-
ration for the next RFSH cycle. Only
RFSH activated cycles affect the In-
ternal refresh address counter. The
use of RFSH type refreshing elimi-
nates the need of providing addi-
tional external devices to generate
refresh addresses.

Hidden Refresh

Hidden Refrest Cycle may take
place white maintaining latest valid
data at the output by extending CAS
active time from the previous
memeory read cycle,

The MBB117 offers two types of Hid-
den Refresh. They are referred to as
Hidden BAS-Only Refresh and Hid-
den RFSH Refresh,

1} Hidden BAS-Only Refresh
Hidden RAS-Only Refresh is perform-

ed by hofding CAS at V_ and taking
RAS high and after a specified
precharge period (tpp), executin
“RAS-Cnly" refresh, but with CAS
held low, RFSH has to be heid at V.
2} Hidden RFSH Refresh

Hidden RFSH Refresh s performed
by holding CAS at V)_ and taking
RAS high and after a specified pre-

charge period (igrp), executing :

RFSH refresh, but with CAS held low.
A specified precharge period {(topn)
is required bhefore normal memory
Read, Writa or Read-Modify-Write cy-

cle after performing either type of |

Hidden Refresh.

RFSH {FIN 1} TEST CYCLE

A special timing sequence using the
PIN 1 counter test cycle provides a
convenient method of verifying the
functionality of the RFSH activated
circuitry.

when RFSH is activated prior to and
remains valid through a normal write
cycle, the Dy is written into the
memery location defined by the cur-
rent contents of the on-chip refresh
counter and the column address pre-
sent at the external address pins dur-
ing the high-to-low transition of CAS.
{Ses PIN 1 countar test writa timing
diagram.)

The following test procedure may be
used to verify the fungtionality of the
internal refresh countar. There are a
muititude of patterns and sequences
which may also be used to verify the
RFSH feature. This test should be
performed after it has been confirm-
ed that the device can uniquely ad-
dress all 16,384 storage locations.

SUGGESTED RFSH COUNTER TEST

PROCEDURE

1. Initiallze the on-chip refresh
counter. 64 cycles are adequate
for this purpose.

2. Write a test pattern of zeroes info
the memory at a single column ad-
dress and all row addresses by us-
ing 128 RFSH {pin 1} refresh
counter test write cycles.

3. Verify the data written into the
RAM by using the coiumn address
used in step 2 and sequence
through alt row address combina-
tions by using conventional read
cycles,

4. Compliment the test pattern and
tepeat steps 2 and 3.
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trac, NORMALIZED ACCESS TIME

legs. OPERATING CURRENT (mA}

MB8117-10/MB8117-12

CURRENT WAVEFORMS (Vo = 5.0V, Ta = 25°0)
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TYPICAL CHARACTERISTICS CURVES

NORMALIZED ACCESS TIME
vs SUPPLY VOLTAGE

T
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OPERATING CURRENT
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tRac. NORMALIZED ACCESS TIME
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NORMALIZED ACCESS TIME
vs AMBIENT TEMPERATURE

|

Voo=4.5V
1.2 /
1.1 ]

/ /
1.0 -
09
0.8
1] 20 40 80 BG

Ta, AMBIENT TEMPERATURE (°C)

OPERATING CURRENT (TYPICAL}
vs AMBIENT TEMPERATURE

|

Veo=5.0v

50 tRc=238ns—]
trag=1150s

40

3Q

20

10

0
0 20 40 60 BO

Ta. AMBIENT TEMPERATURE {°C}

OPERATING CURRENT imAl
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loeo. STANDBY CURRENT (mA}

OPERATING CURRENT
{TYPICAL) vs CYCLE TIME
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MBS§117-10/MB8117-12

Icca. REFRAESH CURRENT 1 ima) lccz. STANDEY CURRENT (mA!

‘s, REFRESH CURRENT 2 ima)

TYPICAL CHARACTERISTICS CURVES, (Continued)

STANDBY CURRENT (TYPICAL}
vs AMEIENT TEMPERATURE

REFRESH CURRENT 1
(TYPICAL) vs CYCLE TIME

REFRESH CURRENT 1
(TYPICAL) vs SUPPLY VOLTAGE
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Iz, Supply Current ima)

4.0

20

Yoo, Supply vohage (V1

MB8117-10/MB8117-12

TYPICAL SUPPLY CURRENT vs SUPPLY VOLTAGE DURING POWER UP

1} RAS =V, CAS = v,

S00us/ Drvisian

Veg

b, Supply Current {mad

&
o

b
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Voo, Supply Voltage (V)

2 FAS = Vi, GAS =iy

Voo

lec

HO0us/Divisian
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