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262,144-BIT DUAL PORT DYNAMIC RANDOM ACCESS MEMORY

262,144 Bit Dual Port DRAM

The Fujitsu MB81461 is a fully decoded, dynamic NMOS random access
memory organized as 65,536 words by 4 bits dynamic RAM port and 256 words by 4
bits serial access memory (SAM) port.

The DRAM port is identical to the Fujitsu MBB81464 with four bits of paraliel
random access VO while the SAM port is designed as four 256-bit registers, each
operating as a serial VO. The four serial registers operate in paraliel with each other
during SAM port operation. Internal interconnects give the device the capability to
transfer data bi-directionally between the DRAM memory array and the SAM data
registers.

The MB81461 offers complementary asynchronous access of both the DRAM
and SAM ports, except whendata is transferred betweenthem internally. The designis
optimized for high speed and performance making the MB81461 the most efficient
solution for implementing the frame buffer of a bit-mapped video display system.
Muttiplexed row and column address inputs permit the MB81461 1o be housed in a
400-mil wide 24-pin DIP or ZIP package. Pinouts conform to the JEDEC-approved
pinouts.

The MB81461 is fabricated using silicon gate NMOS and Fujitsu's advanced
Triple-layer Polysilicon process technology. This process, coupled with single
transistor memory storage celis, permits maximum circuit density and minimum chip
size. Allinputs and outputs are TTL compatible.

® Dual Port Organization ¢ Power Dissipation

64 K x 4 Dynamic RAW (DRAM) DRAM; Act/SAM; St
256 x 4 Serial Access Memory port 523 mW max. iMB 1461-12;
(SAM) 468 mW max. (MB 81461-15

DRAM; Stby/SAM; Act
275 mW max. (MB 81461-12
220 mW max. (MB 81461-15
DRAM; atbylSAM; Stby

® 24-pin DIP and ZIP packages
® Silicon-gate, Triple Poly NMOS, single
transistor cell plo Poly ¢

® DRAM Port 110 mW max.
A",";g:;rm 81451-12 ¢ Bi-directional data transfer between
150 n6 max. (MB 81461-15 DRAM and SAM
Cycle Time (W ¢ Fast serial access asynchronous to
230 ns max. (MB 81461-12) DRAM except ransfer operation
260 ns max. (MB 81461-15) ® Bit Masked Write Mode capabilty
* SAM Pon_r * 256 refresh cycles every 4 ms
Access Time .
40 max. {(Nitbrae1.12) * Rlroen taabiy o TS Hidden
Cro Tma B 81451-15) * Dolaya writo and Road-Modiy-Write
40 ns max. (MB 81461-12) capability
60 ns max. (MB 81461-15) . St[a)r'\gard ’R"gir‘glasxt;c;;ad«aqes:
" 1-
* Single +5V Supply, +10% tolerance 2P (MBaiag1 XXPhZ)

* Real Time, Read Transfer capability
* Page Mode capability
Absolute Maximum Ratings (See Note)

PLASTIC PACKAGE
DIP-24P-M04

PLASTIC PACKAGE
ZIP-24P-M02

, Symbol Value Unit 302 50y sas 50, SO W As A Ar Ay g
Voltage at any pin relative to Vgs Vv, Vour -1to0+7 v
Voltage of Voc supply relative to Vg Ve 110 +7 v
BOTTOM VIEW
Storage Temperature Tste 5510 +125 °c
Power Dissipation Py 1.0 w
Short Circuit Quiput Current — 50 mA

PIN ASSIGNMENT

Note: Permanent device damage may occur if absolute Jm ratings are ded.
Functional operation should be restricted to the conditions as detailed in the operation
sactions of this data sheet. Exposure to absolute maximum rating conditions for ex-
wended periods may affect device reliability.

Copyright © 1990 by FUUITSU LIMITED and Fujitsy Microslectronics, Inc.
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of any voltage higher than maximum rated voltages 10 this high
irpedance circult
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Fig. 1 — BLOCK DIAGRAM OF MB 81461 and PIN DESCRIPTION
Block Diagram
RAS
[y m MDO/DAG  MD1/DQT MD2/DA2  MDI/DQ3
{ 73 g
Write
Retresh 1/0 8otfer | 1/0 Butter | 1/0 Butter | 1/0 Butter Clock
Address Gen.
Counter (DRAM)
[T v | L] ey ———ONEME
(J cotumn Dec. Q,J Column Dec. Column Dec.
Ap—] |/| Sense Amp, r‘—V[ Sense Amg.
] Dol e Mmoo oTRIOE
X | I
. 256 x 256 256 x 256 256 x 256 256 x 256
Address ] Celt Array Celt Array Cell Array Cell Array Transfer
Bufters Control
Ar—i Row Decoder ‘—l
PRSI TN S [ .
| oaa Register ;| Data Resister Data Resister Data Register
sas XTI Pointer Yl Pointer Pointer Y| Pointer
isam) p—
Voo ——a I
Vgg ————o 1/0 Butter | 1/0 Butter | 1/0 Butfer. | 1/0 Bufter FoO %
s 4 5
$DO sD1 sp2 so3
Pin Description
Pin Number
Symbol Parameter Mode
DiP ZIp
1 7 SAS Serial Access Memory Strabe Input
2,3,22,23 | 89,45 SO0 10 SD3 Seriat Data 1/0 110
JR— Transfer Enable/
4 10 TR/OE Output Enable Input
MDO/DQO
5.6,19,20 | 11,12,1,2 to Mask Data/Data 1/0 110
MD3/DQ3
7 13 ME/WE Mask Mode Enable/Writs Enable Input
8 14 RAS Row Address Strobe fnput
17,16,156 | 23,22,21,
14,11,10 | 20,1718, Apto Ay Address Input Input
9,13 15,19
12 18 Vee Supply Voltage +5 V Power Supply
18 24 CAS Column Address Strobe Input
21 3 SE Serial port Enable Input
24 € Vss Ground Power Supply
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DESCRIPTION

DRAM OPERATION

RAS;

This pin is used to strobe eight row-ad-
dress inputs from AO to A7 pins and is
used to select the operation mode of
subsequent cycle, such as DRAM ope-
ration or transfer operation (by TR/OE
and bit mask write cycle or not (by
ME/WE and MDO/DQO to MD3/DQ3).
Since RAS = ""L" is the active condition
of circuit, to maintain RAS = “H"
(standby condition) is effective to save
power dissipation.

CAS;

This pin is used to strobe eight column
address inputs at the falling edge. CAS
pin has the function to enable and dis-
able the output at “L* and ‘'H"’ respec-
tively during the read operation.
Another function of CAS is to select
“‘early write” mode conditioned by
ME/WE = “L"".

ME/WE;

This pin is used to select read or write
cycle. ME/WE = “L" select write mode
and ME/WE = “H” select read mode.
This pin is also used to enable bit mask
write cycle. 1f ME/WE = ““L” at the fall-
ing edge of RAS, bit mask write is en-
abled.

TR/OE;

This pin is used to select Transfer oper-
ation or not at the falling edge of RAS,
TR/OE = “H" enables DRAM operation
and TR/OE = “L” enables Transfer
operation between DRAM and SAM.
After the falling of RAS with ty,, this
pin is used for output enable,

The TR/OE controls the impedance of
the output buffers. TR/OE = "H" forces
the output buffers at high impedance
state. TR/OE = “’L” leads the output
buffers at low impedance state. But in
early write cycle, the output buffers are
high impedance state even if TR/OE is
fow.

A0 to A7;
These are muitiplexed address input

pins and used to select 4 bits of 262,144
memory cell locations in parallel within
the MB 81461. The eight row address in-
puts are strobed by RAS and followed
eight column address inputs are strobed
by TAS. These are used to select the
start address of serial access memory
also.

MDO/DQ0 to MD3/DQ3

These are common 1/0 pins of DRAM
port. 1/O mode is as specified for each
function mode in the truth table,

Data Outputs:

The output buffers have three-state
capability “H”, “L” and “High-Z". To
get valid output data on the pins, one of
the réad operations is selected such as
“read’’ or ‘‘read-modify-write’” mode.
During a refresh cycle, either RAS-only
or CAS-before-RAS mode is selected,
output buffers are set in “High-Z" state.

Data inputs:

These are used as data input pins when a
data write mode such as “‘Early-Write”’,
“Delayed Write” or ‘‘Read-modify-
Write’”” is selected. In any of the above
cases, these pins are set at “'High-Z"”
state to enable data-in without any bus
conflict.

In any operation mode, read, write, re-
fresh, transfer and their combined func-
tions, output states "H”", “'L"’, “’High-2"
are set by control signals RAS, CAS,
ME/WE and/or TR/OE. When “Bit mask
write’’ mode is set, these pins are used
as a control signal for write inhibit with
MDi/DQi = “L" on the selected bit i.

Page Mode;

The page mode operation is to strobe
the column address by CAS while RAS
is maintained at “’L"’ through all the suc-
cessive memory operations if the row
address doesn’t change. This mode can
save power dissipation and get the faster
access time due to the elimination of
RAS falling edge function.

Refresh;

Refresh of the DRAM cells is performed

for every 256 rows per every 4 milli-

seconds.

The MB 81461 offers the following

three types of refresh.

1) RAS-Only refresh; The RAS-Only re-
fresh is performed with CAS="H"
condition. Strobing every 256 row
addresses with RAS will complete all
bits of memory cell to be refreshed
while all outputs are invalid due to
““High-Z" state. Further RAS-only re-
fresh saves the power dissipation sub-
stantially.

2) CASbefore-RAS refresh; The CAS-
before-RAS refresh offers an alter-
nate refresh method. (f CAS is set
low for the specified period (tgcs)
before the falling edge of RAS, re-
fresh control clock generator and re-
fresh address counter are enabled,
and an refresh operation is per-
formed. After the refresh operation
is performed, the refresh address
counter is incremented automatically
for the next CAS-before-RAS refresh,

3} Hidden refresh; The hidden refresh is
performed by maintaining the valid
data of last read cycle at MD/DQ
pins while extending CAS low. The
hidden refresh is equivalent to CAS-
before-RAS refresh because CAS
stays low when RAS goes to low in
the next cycle,

Bit Mask Write;

This mode is used when some of the bits
should be inhibited to be written into
cells. The bit mask write mode is exe-
cuted by setting ME/WE = “L” at the
falling edge of RAS during write mode
{early, delayed write or read-modify-
write cycle). The bits to be masked (or
inhibited to write) is determined by
MD/DQ state at the falling edge of RAS,
for example, if MDO/DQO and ME/WE
are both low at the falling edge of RAS,
the data on MD0/DQO pin is not written
into the cell during the cycle. Refer to
the Fig. 2,
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EXAMPLE OF BIT MASK WRITE OPERATION

Falling edge of RAS
— — Function
TR/OE | ME/WE MDO0/DQO MD1/DQ1 MD2/DQ2 MD3/DQ3
H X X X X Write enable
H Write enable for DQO0 and DQ2
L H L H L Write disable for DQ1 and DQ3
FUNCTIONAL TRUTH TABLE FOR DRAM OPERATION X: Don't Care
RAS | ©AS MEWE | TR/OE | ADDRESSES | MBY/RJt Function
H H X X X X Standby
L L H H->L Valid Valid Data Out Read
L L L* H->X Valid Valid Data In Early Write
L L H-L H->X->H Valid Valid Data In Delayed Write
. Valid Data Out . .
L L H—->L H=>L—H Valid 5 Valid Data In Read-Modify Write
L H X H—=>X Row address High-Z RAS-Only Refresh
ML L X H—=X X High-Z CAS-before-RAS Refresh

1 1f ME/WE = "'L" at the falling edge of RAS, bit mask write mode is enabled.

TRANSFER OPERATION:

The transfer operation is featured in the
MB 81461B. This mode is used to trans-
fer simultaneously 256x4 data from
DRAM to SAM or from SAM to DRAM,
The direction of transfer is determined
by the state of ME/WE at the falling
edge of RAS. ME/WE="H" defines the
transfer from DRAM to SAM (Read
Transfer Cycle} and ME/WE="L" de-
fines the transfer from SAM to DRAM
(Write Transfer Cycle).

1/0 mode of SDO to SD3 determined
while the transfer operation is set (TR/
DE="L") conjunctioned with ME/WE
state.

After Read Transfer Cycle, please apply
two or more SAS Clock.

TR/OE;

This pin is used to enable transfer oper -
ation at the falling edge of RAS.
ME/WE;

This pin is used to select the direction
of transfer at the falling edge of RAS.
AD 10 A7;

These pins are used to seiect the row
address of DRAM port to be transfered
from or to, and the start address of
SAM port for the serial read or write
operation. The row address is strobed
by RAS and the start address is strobed
by CAS.

3-6

Pseudo Write Transfer:

To start serial write cycle, the SD pins
must be set in input mode. To do this,
write transfer cycle should be executed.
The pseudo write transfer cycle is to
change the SD pins into input mode
without data transfer from SAM 10
DRAM. Refer to Fig. 3.

Refresh during transfer cycie;

DRAM and SAM are refreshed during

transfer cycle as shown below.

1) Read transfer cycle:
During read transfer cycle, the
selected row address of DRAM to be
transfered to SAM is refreshed. SAM
data are kept by applying 256 SAS
clocks within 4 ms after the read
transfer cycle.

2} Write transfer cycle:
During write transfer cycle, the new
data are written from SAM to DRAM
and this row address should be re-
freshed within 4 ms.
But SAM data are not refreshed
during write transfer cycle. There-
fore, the SAM refresh {(applying 256
SAS clocks within 4 ms) must be
executed. Especially, when the write
transfer cycle is executed conti-
nuously, 256 SAS clock should be
applied within 4 ms.

SERIAL ACCESS OPERATION:

The MB 81461 has 256 words by 4 bits
Serial Acess Memory {SAM) correspond-
ing to 64K words by 4 bits DRAM and
the fast serial read/write access is
achieved by SAM architecture. Read or
write cycle is determined when the last
read or write transfer operation is exe-
cuted. If the last transfer operation was
read transfer, the serial read cycle is
performed until the next write or
pseudo write transfer cycle is executed.
On the other hand, if the last transfer
operation was write or pseudo write
or pseudo write transfer, the serial write
cycle is performed. In the serial write
operation, 2566 words by 4 bits data
stored in the SAM can be transfered to
DRAM under SE="L” condition, and
SE="H" condition disables data transfer
from SAM to DRAM. The serial access
operation can be done asynchronously
from DRAM port.

SAS;

This pin is used as a shift clock for SAM
port. The serial access is triggered by the
rising edge of SAS. In the write cycle,
the data of the SD pins are strgbed by
the rising edge of SAS and written into
the selected cell. In the read cycle, out-



MB81461-12
MB81461-15

put data become valid after tgac from
the rising edge of SAS and the data re-
main valid until the next cycle is de-
fined. The SAS clock increments the
SAM address automatically. When the
SAM address exceeds #255 (Most Sig-
nificant Address) it returnes to #0
{Least Significant Address).

SE;

This pin is used to enable serial acces
operation by bit to bit. SE = “H" dis-
ables serial access operation. In the
serial read operation, this pin is used for
output enable, i.e., SE = “"H* leads SD
pins to ‘‘High-Z" state. SE = "L’ leads
SD pins to valid data with specified ac-
cess time. In the serial write operation,
this pin works as write enable control
pin.

SDO to SD3;

These are used as data input/output pins
for SAM port. input or output mode is
determined by last occured transfer
operation, if last transfer operation was
read transfer mode, they are output
mode. If the write transfer mode was
set, SD pins are enabled to write data
into SAM.

Refresh;

Since the SAM is constructed by dy-
namic circuitry, the refresh is necessary
to maintain the data in it. The refresh
of SAM must be done by 256 cycles
of SAS clock/4ms in either output or
input mode. SE = “H" allows refresh
of SAM with SD pins at “’High-2" state.
Real Time Read Transfer;

This feature is applicable to obtain valid

data continuously when row address is
changed without any timing loss from
the last bit of previous row to the first
bit of new row. Data transfer from
DRAM to SAM is triggered by rising
edge of TR/OE after the preparation of
internal circuit for this operation, while
SAM port can continue read operation
asynchronously from the above men-
tioned internal move. Once TR/OE re-
turns to “H’’ with the restricted timing
specification tyg, and tygp refered to
SAS clock, SD pins can get the valid
output data continuously as shown in
Fig. 4. The key issue to achieve this
feature is to apply SAS clock contin-
uously with the timing consideration to
the rising edge of TR/OE.

FUNCTIONAL TRUTH TABLE FOR SERIAL ACCESS (Asynchronous from DRAM port)

—Fallng edge of gs_ SAS SE SDO to SD3 Function
TR/OE ME/WE
Clock L Input/Output™ Sequential access enable
H X Clock H Input/Output® Sequential access disable

*: The read or write operation of SAM port is pre-determined by the last occurred transfer cycle. Input mode is for write
operation. Output mode is for read operation.

X; Don’t Care
Fig. 2 — EXAMPLE OF BIT MASK WRITE OPERATION
s Set mask write mode
Cas w
NE/WE
TR/OE
MD0/DCO Mesked
MD1/DQ1 Non mesked Write “H"
MD2/0Q2 Masked
MD3/Da3 71T \U_ /7T Nonmesked Writs L Don't Care
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Fig. 3 — EXAMPLE OF PSEUDO WRITE TRANSFER CYCLE
RAS \ /
s /

Aoonsses- Row Add.~ Y SAM. Start Add . (50)
T

TR/OE
ME/WE
SE
SAS
SD
Serial Read for previous row Serigl Write for new row
B ontcare Inhibit of Rising Edge.
*The DRAM data of this row address are refreshed during pseudo write transfer cycle.
Fig. 4 — EXAMPLE OF REAL TIME READ TRNASFER OPERATION
RAS - X /-
CAS

aoresses [ For 2o )EAM star aca. sl

TR/CE

SAS

3E L

$D {output)

- —

—\
LA

N\ 50 1

X N2 X N-1 X N D
Previous Row New Row

- Don’t Care

S0
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RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

Parameter Symbol Min, Typ. Max. Unit Operating Temperature

Vee 45 5.0 55 \
Supply Voltage

Vss 0 0 ] \"

0°C to +70°C
Input High Volitage Vik 24 8.5 v
Input Low Voltage A\ -20 08 \'
CAPACITANCE (r,-25°c)
Max
Paramter Symbol Typ Unit
DIP ZiP
Input Capacitance {AQ to A7) Cint 7 8 pF
Input Capacitance (RAS, CAS, ME/WE, SE, TR/OE) Cinz 10 12 pF
Input Capacitance {SAS) Cina 7 7 pF
Input/Output Capacitance (MD0/DQO to MD3/DQ3)} Ciot 7 8 pF
Input/Output Capacitance (SDO to SD3) Cioz2 7 8 pF
AC TEST CONDITIONS
3) Output Load
1) Input . .
MDO/DCO to MD3/DQ3  eeRring Point
| o— ' ' } >So—
Vin =24V -L
Vi =08V \ 100pF |__D0_
tr =5ns
2) Output
Vou = 24V SDO to SD32 Mutunnq Point
_< }HIGH-Z — O
VoL =04V -]- l
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DC CHARACTERISTICS

{Recommended operating conditions unless otherwise noted.)

Parameter Symbol I Min ] Max [ Unit

SAM STANDBY SE=V,,,SAS =V,
OPERATING CURRENT* MB 81461-12 95
Average power supply current lees mA
(RAS, TAS cycling; tae = min) MB 8146115 85
STANDBY CURRENT | 20 mA
Power supply current (RAS = CAS = V,,,) ce2
REFRESH CURRENT 1* MB 81461-12 77
Average power supply current leca mA
(CAS=V,,, RAS cycling; tpe = min) MB 81461-15 70
PAGE MODE CURRENT" MB 81461-12 50
Average power supply current leca mA
(RAS = v, , TAS = cycling, tpc = min) MB 81461-15 45

. REFRESH CURRENT 2* MB 81461-12 77
Average power supply current lees mA
(CAS-before-RAS; tae = min) MB 81461-15 70
TRANSFER MODE CURRENT MB 81461-12 110
Average power supply current lecs mA
(RAS, TAS cycling; tge = min) MB 81461-15 100
SAM ACTIVE SE =V, , tgc = min
OPERATING CURRENT* MB 81461-12 130
Average power supply current leer — mA
(RAS, CAS cycling; tge = min) M8 81461-15 10
STANDBY CURRENT MB 81461-12 50
Power supply current lces mA
(RAS =CAS = V) MB 81461-15 40
REFRESH CURRENT 1* MB 81461-12 112
Average power supply current lece mA
(CAS = vy, RAS cycling; tac = min) MB 81461-15 95
PAGE MODE CURRENT* MB 81461-12 85
Average power supply current lecio mA
(RAS = v, TAS cycling, tpe = Min) MB 81461-15 70
REFRESH CURRENT 2* MB 81461-12 12
Average power supply current feen mA
{CAS-before-RAS; tac = min) MB 81461-15 95
TRANSFER MODE CURRENT MB 81461-12 145
Average power supply current leciz mA
(RAS, CAS cycling; tge = minj MB 81461-15 125
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DC CHARACTERISTICS

g conditions unless otherwise noted.)
Parameter Symbeol Min Max Unit

INPUT LEAKAGE CURRENT
Input leakage current, any input (OV <V <55V,

1 -1 10 A
Ve =5.5V, Vg =0V, all other pins not under et 0 K
test=0V)
OUTPUT LEAKAGE CURRENT

low) -10 10 HA

(Data out is disabled, 0V < Vg1 < 5.5V)

QUTPUT LEVELS
Output high voltage (lgy=-5mA/-2mA for DQi/SDi) Vou 24 \"
Output low voltage  (lg,_=4.2mA) 0.4

Voo

Note: lcc is dependent on output loading and cycle rates. Specified values are obtained with the output open.

AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.) NN

MB 81461-12 BM 81461-15

Parameter [ ] Symbol Unit

Min Max Min Max :

Time between Refresh (RAM/SAM) tagr 4 4 ms
Random Read/Write Cycle Time tre 230 260 ns
Read-Modify-Write Cycle Time tawc 305 345 ns
Page Mode Cycle Time tec 120 145 ns
Zayijehlj;:eRead~Modnfv~Wrute tomwe 196 995 ns
Access Time from RAS [ ] trac 120 150 ns
Access Time from CAS -] teac 60 75 ns
Output Buffer Turn Off Delay tore 0 25 0 35 ns
Transition Time tr 3 50 3 50 ns
RAS Precharge Time the a0 100 ns
RAS Pulse Width thas 120 60000 150 60000 ns
RAS Hold Time tRsH 60 75 ns
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AC CHARACTERISTICS

MB 8146112 MB 81461-15
Parameter Symbol Unit
Min Max Min Max

(C’:oSmF:r;lec;a;gee) Time tepn 40 50 ns
CAS Precharge Time
(CPage mode :::y; ter 50 g ns
CAS Precharge Time
‘C(Tss-before-g;TS ) fepm % 30 "
CAS Puise Width | teas 60 60000 75 60000 ns
TAS Hold Time D' tesn | 120 150 ns
RAS to CAS Delay Time thco 22 60 25 75 ns
CAS to RAS Set Up Time ters 10 10 ns
Row Address Set Up Time tasr 0 0 ns
Row Address Hold Time thRan 12 15 ns
Column Address Set Up Time tasc 0 0 ns
Column Address Hold Time tcan 20 25 ns
Read Command Set Up Time tres 0 0 ns
Read Command Hoid Time
R::erenced to RAS e 0 2 ne
Read Command Hold Time
R:ferenced to CAS tRew 0 0 "
Write Command Set Up Time twes -5 -5 ns
Write Command Hold Time twer 30 35 ns
Write Command Pulse Width twp 30 35 ns
Write Command to RAS Lead Time tawe 40 45 ns
Write Command to CAS Lead Time tewt 40 45 ns
Data In Set Up Time tos 0 0 ns
Data In Hold Time ton 30 35 ns
Access Time from TR/OE toea 35 40 ns
TR/OE to Data In Delay Time toeo 25 30 ns
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AC CHARACTERISTICS
MB 81461-12 MB 81461-15
Parameter Symbol Unit
Min Max Min Max
2::%¥r Turn Off Delay tocs 0 25 0 10 ns
TR/OE Hold Time Referenced to ME/WE toeu 0 0 ns
TR/OE 10 RAS inactive Set Up Time toes 0 0 ns
Data In to CAS Delay Time tozc ] 0 ns
Data In to TR/OE Delay Time m thzo 0 0 ns
:_j\fée(s(r;_jeétbl:;)ol%)eferenced to tecs 25 20 ns
%e(sg_g?zf'::.e%frenced to trew 25 30 ns
::158 Precharge to CAS Active thpc 2 20 ns
Serial Clock Cycle Time tse 40 50000 60 50000 ns
Access Time from SAS 1sAC 40 60 ns
Access Time from SE m tsea 40 50 ns
SAS Precharge Time tgp 10 20 ns
SAS Pulse Width tsas 10 20 ns
SE Precharge Time tsep 25 45 ns
SE Puise Width tse 25 45 ns
rial i

:fet; siaStaH(i::‘t Hold Time tsom 10 10 ns

Serial Output Buffer Turn Off
Delay from SE tsez 0 25 0 30 ns
Serial Data In Set Up Time tsps 0 0 ns
Berial Data In Hold Time tspH 20 25 ns
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AC CHARACTERISTICS

MB 81461-12 MB 81461-15
Parameter Symbol Unit
Min Max Min Max
Transfer Command (TR) to RAS
t 0 ns
Set Up Time s 0
Transter Command (TR) to RAS
1
Hold Time tATH %0 110 n
Write Transfer Command (TR) to
— 15
RAS Hold Time B RTHW 12 e
Transfer Command (TR) to CAS
Hold Time tew 30 3 ns
Transfer Command (TR) to SAS
Lead Time trsu 5 0 ns
Transfer Command (TR) to RAS
1

Lead Time tTRL 130 140 ns
Transter Command (TR) to RAS
Delay Time trao 65 -50 ns
First SAS Edge to Transfer Command
Delay Time trso % 3 ns
ME/WE to RAS Set Up Time twsr 0 ] ns
ME/WE to RAS Hold Time tawH 12 15 ns
Mask Data (MD) to RAS Set Up Time tms 0 0 ns
Mask Data (MD) to RAS Hold Time LIV 35 45 ns
Serial Qutput Buffer Turn Off
Detay from RAS tspz 10 60 10 75 ns
Serial Qutput Buffer Turn On
Delay from RAS = tsro 0 0 ns
SAS to RAS Set Up Time tsrs 40 60 ns
RAS to SAS Delay Time tsro 30 45 ns
Serial Data Input to SE Delay Time tsze 0 0 ns
Serial Data Input Delay from RAS 12 tsop 60 75 ns
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MB 81461-12 MB 81461-15
Parameter Symbol Unit
Min Max Min Max

Serial Data Input to RAS Delay Time tszs 0 0 ns
Pseudo Transfer Command (SE) to
— t 0 ns
RAS Set up Time ESR °
Pseudo Transfer Command (SE) to
— 1 15 ns
RAS Hold Time TREH 2
Serial Write Enable Set up Time tsws 20 30 ns
Serial Write Enable Hold Time tswH 80 120 ns
Serial Write Disable Set Up Time tswis 20 30 ns
Serial Write Disable Hold Time towin 40 60 ns
Asynchronous‘Command (TR) to tys o 0 ns
RAS Set Up Time
Asynchronot.:s Command (TR) to - 12 15 ns
RAS Hold Time
Time between Transfer tREFT 4 4 ms

NOTES;

EB An initial pause of 200us is required after power-up
followed by any 8 RAS, 8 transfer, and 8 SAS cycle
before proper device operation is achieved. In case of
using internal refresh counter, a minimum of 8 CAS-
betore-RAS initialization cycles instead of 8 RAS cycle
are required

AC characteristics assume

Vi {min) and V. (max) are reference levels for meas-
uring timing of input signals. Also, transition times are
measured between V,; {min) and V,_ {max).

B Assumes that trep < tpep (max). If trep is greater
than the maximum recommended value shown in this
table, tgac will be increased by the amount that tgcp
exceeds the value shown,

Assumes that tacp = tacp (max).

Measured with a load equivalent to 2 TTL loads and
100pF.

Operation within the tpep (max) limit insures that
trac (max) can be met. tgcp (max) is specified as a
reference point only; if tpep is greater than the speci-
fied tgcp {(max) limit, then access time is controlied
exclusively by tcac.

B taco (min) =tgay (min) + 2ty (tr=Bns) + tagc (min)

Either tgry of tpey Must be satisfied for a read cycle.

Measured with a foad equivalent to 2 TTL loads and
50pF.

Input mode only

Write transfer and pseuso write transfer only.

Read transfer only in the case that the previous trans-
fer was write transfer.

Pseudo write transfer only.

If trepr is not satisfied, 8 transfer and 8 SAS cycles
before proper device operation is needed.

Either tpzc or tyzo Mmust be satisfied.
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MB81461-15
READ CYCLE
R
Vin= tAas
RAS ViL- —
tCRs tesh le——tRp —e=|
tReD . tASH |

— Vv CAS
TAS vir \ /

MD/DQ VoH— ‘ l
{OUTPUT} VoL— GH-Z: VALID DATA OUT ) —

loea

3 tpze
MD/DQ Vin T : S —
UNPUTY v, 070 G -
v t toez
YH
R, v
TR/OE V‘“
w
Don’t Care
WRITE CYCLE (EARLY WRITE)
TRC
tRAs
Vg =%
RAS ViL - A { K
tcRs " csH - tqp ——i
RCO ASH
1
— v cAS
cas V:: 1 4 ;
- CPN 3
tasr|| traH tasc

v
ADDRESSES v: r-now ADD.- coL.

I 1 T
twsh || tRwn twes I

——  Vin {
ME/WE Vu.l Note 1
'--;' 1 ! 1 1,

mp/oa Vi
{INPUT) V| Note 1 [VALID DATA IN]
Mp/pa  Vow- “ HIGH.Z

OUTPUT) v,

tys tyn

TR/OE
ViL

. Don’t Care

Note 1) When ME/WE = “H", all data on the MD/DQ can be written into the cell.
When ME/WE = “L", the data on the MD/DQ are not written (masked) except for when MD/DQ = *"H" at the

falling edge of RAS.
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DELAYED WRITE CYCLE
tac
ViH = tras
RAS v
(I
tens tosH TV ——
F——trcD tRSH
TAS Vin tcas:
CAs
wl - ) 7
'Aiq tran ‘Asq tcan
Vin -
ADDRESSES V::- RowAoD. K" coL.app. K
twsr
tRWH —=] tweH
o Vs - - ~
Vi -, Note 1 : e
Y !
u_s_l My ——‘ozc-—l
Mp/oa  Vik -
INPUT) Note 1 P HIGH;
tRac ,
MD/oa  Vow-
(OUTPUT} Vg, = 'v"s"""z P— Note 2 L_ HIGH-Z
- togA——of tOEH —=
po ty - t0EZ [~
THEE ™ §
Vi - e
m Dan‘t Care

Note 1) When ME/WE = “H", all data on the MD/DQ can be written into the cell.
When ME/WE = “L“, the data on the MD/DQ are not written (masked) except for when MD/DQ = “H* at the
falling edge of RAS.

Note 2) When TR/OE is kept “H* through a cycle, the MD/DQ are kept High-Z state.

READ-MODIFYWRITE CYCLE

tre
— Vin s tRAS
RAS Vi A
tcns tosH tRp
f— taco tRSH
s Vip = tcas ’
ViL - 1c - -
tasn|| tman 'As«:_{ te AR
.-4 ~- S
V| g = w—— a
ADDRESSES " _ ROW ADD ) i

MEME  VH T
E/WE
viL - J
tms ,—;n—-—'ozc
MD/DQ Vi -
UNPUTE  y, o o Noted
|
oL - tyg LL_ tbz0 toxa JRAIAS toem
le—tvym toez
ViH -
woE ]
i

B portcn

Nots 1) When ME/WE = “H", all data on the MD/DQ can be written into the cell.
When ME/WE = “L", the data on the MD/DQ are not written (masked) except for when MD/DQ = ""H"" at the
falling edge of RAS.
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PAGE MODE READ CYCLE

tRC

tRas "
tesH tec | tRSH—= Ltnr——
~tcas

el L=
tRCS _4 tres
g

trRAC— tOFF cac 10FF tcac tOFF
v tcag et PR
mo/pa Vou -
OUTPUT) vg, - HIGH-Z - VALID [—Hlsu-z—]VAunH VALID p—
tpze tpzc tpzc
MDD ViH 3
ONPUT) vy g HIGH-Z hz HiGh2
bz0
tys t:‘ t 1 tozo toEA toez |'ozo toez
on oea __ |toez ] toEA
—  Vin=
TRIOE v, ' ) |
B Don't Care
PAGE MODE WRITE CYCLE (EARLY WRITE)
tre
v tRAS
BES M ——\\
v -
tosH
tCRS ["Tac tcas
v [
tAS o f
= tRAH
tasA 1:‘5(: bt tcaH
Viu""\FROW ¥ CoL.
aporesses v~ f 20N § SOk X
Vig
wewe M ’
ViL

Mp/pe Vi
UNPUT)

Mp/oa  VoH -
(QUTPUT) Vg, -

Vin

Vie -J

TR/OE

Dean't Care

Note 1} When M__E/W_E = “H", all data on the MD/DQ can be written into the cell.
When ME/WE = “L", the data on the MD/DQ are not written {masked) except for when MD/DQ = ‘"H" at the
falting edge of RAS.
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PAGE MODE DELAYED WRITE CYCLE

s Vme RAS
—‘m—'cs.u trc

-5 tne

fetrem B 4 ]

It as =

ViL

tms || tos || ton 1ps
MD/DQ Vi T
ONPUT) Vo !

v umlz | u-mlz
MD/DQ Vo -
©OUTPUT) Vo - HIGH-2

tox
tyg {|tyn

EJoowtcas [T velldrwa in

Note 1) When ME/WE = “H", all data on the MD/DQ can be written into the cell.
When ME/WE = “L", the data on the MD/DQ are not written (masked) except for when MD/DQ = “H** at the
falling edge of RAS.

Note 2) When TR/OE is kept “H" through a cycle, the MD/DQ are kept High-Z state.

PAGE MODE READ-MODIFY-WRITE CYCLE

v - tac
— I = nas
RAS
Vi- 4 G tnp \_
tcas |[TRgp —tCSH trc | tRaH
cas. tcas [=tcas
V| ——
EA_S le i
'L‘E taan
task | MTage || tean I~ tcan
Vin
4 COL, COL.
ADDRESSES | R ac0. R A0G. ADS,
T
tRwWH tewe tAaweL
twsh tacs tacs
vy vy
veme ' Yot & N o ]
0s sl

s || tm tos |i ton ton ton
MD/0Q Vm:“;i 1; GH-2 HIGH -2
ONPUT) v i Note GH2 J to

[—trac oe 'CAEJ
v, [t
MD/DQ - OH- Adald HIGH-Z
OUTPUT) Vg - [ toEa toea
tys | toEZ{ toEn oe2
v
TRoE "
Vi

B oertCon  [T) veisconsin XY veld durg0ut

Nots 1) When ME/WE = “H", all data on the MD/DQ can be written into the cell.
When ME/WE = “L ", the data on the MD/DQ are not written (masked) except for when MD/DQ = ""H* at the
falling edge of RAS.
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RAS.ONLY REFRESH CYCLE (ME/WE=Don't Care)

Vi =

Vi - H i \

I"’tnrc

MD/DQ "
{OUTPUT) HIGH-Z
TR/OE
MD/DQ
(INPUT)
D Don’t Care
CAS-BEFORE-RAS REFRESH CYCLE (ADDRESS, ME/WE, TR/OE=Don’t Care)
tRe
v I tRas y
FAS i ” &
- tecs | .
t Ap—
tcre FCH tape
TAS Vin -
TAs o
ViL _ RN i l
tOFF
mpo/pa  Von -
{OUTPUT) VoL - 2 HIGH-Z

mpjoa VM -
uNeuT) ML -

Don’t Care
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HIDDEN REFRESH CYCLE
trc trc
RAS Vi - tras tRAs —
ViL- i X \_
lcas tap tRP —=i
tRsH tecH |
t
Viy = CcAS
A O |\ /
Vies RAH
--ﬁ-—‘CAH l
Vin-" '
ADDRESSES
ViL-
tacs
Vi
wewe
't~ +—toEs
trac—f
MD/0Q Vou - HIG hdald VALID DATA OUT p—
(OUTPUT) Vg, - ’H"!Z 3
tvys || tyH oeA toez
Vip - — ——
TR/OE ﬂ
VIt et i /
bzo
~tozc
mp/pa Vi HIGH.Z
(INPUT) V) 7
Don’t Care
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READ TRANSFER CYCLE® (MD/DQ = Don’t Care)
I tRC

Vin =
RAS -

Vir - \
_ v
As M

Vie

Vv  grewn
ADDREsSEs M TAI

I__ L I‘THD
teTH ~1 tTRL e

™oe Vin - tRTH |

ViL - __

V)
WE/WE o

ViL

Vin
SAS

ViL

Vin
3E

ViL
S0 Vin HIGH-2Z - -
aneuT) YL - tSEA SAC SAC tsac

tsoH tSOH-= tsoH tSOH~
SO Vom - VALID VALID VA!rm I VALIO VALID
(OUTPUT) Vgo_ -~ DATA DATA DATA DATA
ot
Previous row T New row
[ oenrtcue

*: In the case that the previous transfer is read transfer.
**: I SE is low, the valid data will appear within tgac OF tgga.
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READ TRANSFER CYCLE* (MD/DQ = Don’t Care)
|- tRe
i thaAs -]
. Vin-
RAS
ViL- tRp——\-—-
crs tcsH
tRco: IRSH

v
ADDRESSES v

ADD.
o Vi " tATH
R/OE . [ :
Vi -

—at] tRWH

MW/WE 3
‘—tsc————"——lsc——‘
i _
SAS N se F N 'SP
1
tsas tsas tsas
SE oy
~ tszs
tsps
sD Vin- R "
UNPUT) v~ R HIGH-Z
SEA N
b fftsac tsac SAC
tSOH tsRo SOH == SOH by
SD Vou~,
HIGH-Z INVALID DATA ) VALID DATA VALID DATA
{OUTPUT) v, — ) I

Don’t Care
Inhibit of Rising Edge

*. In the case that the previous transfer is write transfer,
++; If SE is low and the previous cycle is serial write cycle, this should be valid data input.
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WRITE TRANSFER CYCLE* (MD/DQ = Don't Cars)
tRC
AS
TAS
A
DDRESSES
TRIOE
ME/WE
tSADlewif—tsC
15p —| |- tsAS:
SAS f L
tsp
SE
'sns”_tgm-c tso_s_l
SD - ALID, ] X VALID+«
(INPUT) ois DATA L DATA
VoH -
SD OH
OUTPUT) Vo - HIGH-Z
m Don’t Care
[XY tnhibit of Rising Edge

3-24

*; In the case that the previous transfer is write transfer.
»=. If SE is high these data are not written into the SAM.




MB81461-12

MB81461-15
PSEUDO WRITE TRANSFER CYCLE (MD/ DQ = Don’t Care)
tac
mAS Vip tRas
ViL~ P \
tcrs tesH P | trp
v I —1tRco tcas
H - \
o Vie - traH \
tasr|[™| tasc tcan
ADDRESsEs " Y AOW SAM START
ViL ADD. ADDRESS __
TS
TRTHW
Viy =
TRIGE v Y .
twsr || tRWH
ME/WE
SE
Vin— r tsp
sas vie—/ ALY tsas tsas |\
t tsos tsps
Sti\_s tso0 tSOH
ViH — S0z —f
SO IH
UNPUT)  ViL - HIGH-Z e
tsOH
VoK =
SO OH VALID** .
OUTPUT) Vg - D DATA ' HIGH-Z
- Don’t Cars
XY inhibit of Rising Edge

*f g is high, these data are not written into SAM.
*": If SE is high, SD (SDO to SD3) are in High-Z state after tgg,.
if SE becomes low, the valid data will appear meeting tgac and tsga.
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SERIAL READ CYCLE
| tRAS
Vin =
RAS
ViL -
ViH
TR/OE
/ ViL
ViH -
= ]
ViL - 5
tsep
T tsc tsc sc
A3 tsp [=—tsas 5P —e| ——‘shs—-l tsp
SAS Vin ] P /
Vi -
- ] tsom I t tsac
tsAc tggz T tgga [ SAC—
] [ - tsOH tsoH
SD VoH -
{OUTPUT) Vo - VALID DATA D) VALID DATA
1SZE
SD ViH -
(INPUT) V) -

In the case of SE="L" while the operation;

Vin -
SE ViL -
i tsc tsc
tsAs
SAS ViK -J tsp tgp——i e
V) -
L tsac tsac tsAac
tsoH == tsoH sOH tsoH
So Von VALID DATA VALID DATA VALID DATA
[OUTPUT} VoL
SD Vin -
UNPUT) V) - HIGH-Z
invalid Data Don’‘t Care
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SERIAL WRITE CYCLE

2

#l

SAS

SD
{OUTPUT)

SO
(INPUT)

In the case of SE="L" while the operation;

T3 Vin-
SE
VL~ = n
c sC tsas
tsp —1sAs tsp tsas tsp
Vin~ J
SAS
V-
SD Vou-,
HIGH-2
ouTPUT) yg, -
sD Vin _ VALID §
(INPUT) v, [ ZAEL )
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Fig. 5 —~ CURRENT WAVEFORM (Vg =5.5V, T = 25°C)

RAS/CAS CYCLE RAS-ONLY REFRESH CYCLE PAGE MODE CYCLE CAS.BEFORE-RAS REFRESH CYCLE
ms T\ /mf ST Ry,
T[T UL '

WE/WE ; \_‘_/ T \._l
TRIOE ‘ \ ] : 1 f \d
200 |
| A ‘
’ /
120} ‘ ’
- |
Lo | f A
s in I\
1 7\ [ i 1
T \% YTV VY N\

Fig. 5 — CURRENT WAVEFORM (Vcc = 5.5V, Ta = 25°C) (cont'd)

TRANSFER MODE CYCLE SERIAL ACCESS CYCLE
T —
I [

|
|
I
]

s T\ L/

" f

| |
o \
H N N/
s | /

f [NV AV al
~ : \\WA FA'D
> ] <
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Fig. 6 — NORMALIZED ACCESS TIME Fig. 7 — NORMALIZED ACCESS TIME
vs SUPPLY VOLTAGE vs AMBIENT TEMPERATURE
w I I
H Th = 26°C ] Vee = 5.0V
= A = tARcD =20 ns
w 12 taco = 20 ns a 12—
a I
[3]
§ 1.1 AN e 11
[a] \ g //
w40 N 10 T
3 \ z -1
s os M 2 o9
8 ]
z z .
o 08 o 08
3 :
- 4 45 5.0 55 6.0 -20 0 20 40 60 80 100
Vee. SUPPLY VOLTAGE (V) Ta. AMBIENT TEMPERATURE (°C)
Fig. 8 — OPERATING CURRENT Fig. 9 — OPERATING CURRENT
vs CYCLE RATE vs SUPPLY VOLTAGE
g 3 I
E Ta=25°C £ 00 _IA ==2§3§ ns
= Yy 5! Re
T T
@x
x 80 « 80
] / = I
3] o | "]
O 60 pd 9 60 e
2 - z
= / e
& 40 / a 4
w / w
5 /] &
- 20 - 20
3 3
£ = 0
1 3 4 5 6 4 X3 ) 55
I/tpc. CYCLE RATE (MHz) Vee, SUPPLY VOLTAGE (V)
Fig. 10 — OPERATING CURRENT Fig. 11 — STANDBY SURRENT
vs AMBIENT TEMPERATURE vs SUPPLY VOLTAGE
< - |
E Veg = 5.5V E Ta=26°C
L 90| —trc =230 ns E 18
& : T
g 80 x 16—
A 3
g 70 N
z R b
[ o
< z 12
[ <
w =
) 173
° & 10
8 g
- -20 6 20 40 60 80 100 4 45 5.0 55 [
Ta. AMBIENT TEMPERATURE {°C) Vce. SUPPLY VOLTAGE (V)
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3-30

icca, REFRESH CURRENT 1 (mA) Iccz. STANDBY CURRENT {mA)

lcca, PAGE MODE CURRENT (mA)

Fig. 12 — STANDBY CURRENT
vs AMBIENT TEMPERATURE

% v 1. [ .Lv
cc =5
T N
\\
16 \
14 \‘
N
12
10
-20 0 20 40 60 80 100
Ta. AMBIENT TEMPERATURE {°C)
Fig. 14 — REFRESH CURRENT 1
vs SUPPLY VOLTAGE
!
Ta=25°C
100—1tRe =230 ns
80
60
/
_——-/
40
20
4 45 50 55 6.0
Ve, SUPPLY VOLTAGE (V)
Fig. 16 — PAGE MODE CURRENT
vs SUPPLY VOLTAGE
!
Ta =25°C
50—1tpc = 120 ns
40
/
//
30
20
10
4 45 50 5.5 6
Ve, SUPPLY VOLTAGE (V)

lcca, PAGE MODE CURRENT (mA) Icca, REFRESH CURRENT 1 (mA)

Iccs. REFRESH CURRENT 2 (mA)

Fig. 13 — REFRESH CURRENT 1
vs CYCLE RATE

| |
Ta=25°C
100 —Vec = 5.5V
80
60 / L~
40 ]
‘/
20
T2 T 5 6

H/trc, CYCLE RATE (MHz)

Fig. 15 — PAGE MODE CURRENT
vs CYCLE RATE

T
Ta=25°C
50— V¢e =55V
40 -
1
J/
30 _—
a/
20
10
2 4 € 8 10 12

I/tpc, CYCLE RATE (MHz)

Fig. 17 — REFRESH CURRENT 2
vs CYCLE RATE

I [
Ta=25°C
100—Vee = 5.5V
80
60 /’
40
//
20
1 2 3 a4 5 8

l/tgc, CYCLE RATE (MHz)
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lccs. REFRESH CURRENT 2 (mA)

Fig. 18 — REFRESH CURRENT 2
vs SUPPLY VOLTAGE

|
Ta=25°C
100 tgc =230 ns
80
Jrosnre

60 "]

]
40
20

4 45 8.0 55 8

Vce. SUPPLY VOLTAGE (V)

Fig. 20 —- TRANSFER MODE CURRENT
vs SUPPLY VOLTAGE

Icce. TRANSFER MODE CURRENT (mA)

Ta=25°C

100 ¢pc ~ 230 ns

80

e

//

60

60

40

4 45 50 55 6

Vee. SUPPLY VOLTAGE (V)

Fig. 22 — RAM STANDBY/SAM ACTIVE CURRENT
vs SUPPLY VOLTAGE

iccg. RAM STANDBY/SAM ACTIVE
CURRENT (mA)

|
Ta=25°C
50 [ tsc =40 ns
™™
40 —
-
30
2
10
4 45 5 5.5 [

Vee. SUPPLY VOLTAGE (V)

lcce. TRANSFER MODE CURRENT (mA)

Fig. 19 — TRANSFER MODE CURRENT

vs CYCLE RATE

Ta=25°C
100[— Ve =55V
80 /
60 /‘
40 //
/

N
(=]

Itge, CYCLE RATE {(MHz}

4

Fig. 21 — RAM STANDBY/SAM ACTIVE CURRENT

vs CYCLE RATE

Iccs. RAM STANDBY/SAM ACTIVE

CURRENT (mA)

vcc-s.Lv
50— o

Ta =25°C P
40| /

v

30 7
2
10

5 10 15 20 25 30

ltge, CYCLE RATE (MHz)

Fig. 23 — RAM STANDBY/SAM ACTIVE CURRENT
vs AMBIENT TEMPERATURE

iccs. RAM STANDBY/SAM ACTIVE

CURRENT (mA)

tgc =40 ns
Vee =55V
—
e ——
30|
20
10
-20 20 40 60 80 100

Ta. AMBIENT TEMPERATURE (°C)
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Fig. 24 - ADDRESS AND DATA (DQ AND SD)

INPUT VOLTAGE vs SUPPLY VOLTAGE

3.0 T
a Ta =25°C
r4
< _ -
w a2
7]
zal2o Vin Min) —lm
02¢g
Q <
< g "] —_
188
S Qe e VL {(Max.}
ak2 10
z3%
G
I
>

]

4 45 50 55 6

Vee. SUPPLY VOLTAGE (V)

Fig. 26 — RAS, CAS, ME/WE, TR/OE, SE, SAS
INPUT VOLTAGE vs SUPPLY VOLTAGE
3.0

]

w Ta=25°C
Iz

1w

z 3 S
4 0w 20

< Lo Vi Min)

L2
g

48> P

Sk Vi Max.)
alER e

2 -4

z 2

I
>

0
4 45 5.0 55 6

Vee. SUPPLY VOLTAGE (V)

Fig. 28 — ACCESS TIME (RAM}
vs LOAD CAPACITANCE

i !
Ve =45V
g W7, -25C
w
2 15
-
a y
g 1w Ve
< V%
¢ 5 7
< /
@
-] v

100 200 300 400 500
Cy, LOAD CAPACITANCE (pF)
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Fig. 25 — ADDRESS AND DATA (DQ AND SD}
INPUT VOLTAGE vs SUPPLY VOLTAGE
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Fig. 29 — ACCESS TIME (SAM)
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Vgus. SUPPLY
VOLTAGE (V)

Vgue. SUBSTATE

lom. DQ OUTPUT CURRENT (mA)

lor. DQ OUTPUT CURRENT (mA)

VOLTAGE (V)

ot L5

8

7

]
/

Fig. 30 — DQ OUTPUT CURRENT
vs DQ OUTPUT VOLTAGE

Ta =28°C
00
50 Vee =65V .
v
/ Vee = 45V
N/

o

o

1 2 3 4 5
VoL, DQ QUTPUT VOLTAGE (V)

Fig. 32 — DQ OUTPUT CURRENT
vs DQ QUTPUT VOLTAGE

]
Ta=25°C

\\\\vcC =55V

)
N
n

(=]

v

(=]

-1

\

1 2 4 5
Vow. DQ OUTPUT VOLTAGE (V)

o

Fig. 34 — SUBSTRATE VOLTAGE
DURING POWER UP

\

N = 25°C

AN
~N

50 us/Division

loL. SD OUTPUT CURRENT {(mA)

Ion. 80 OUTPUT CURRENT (mA)

Fig. 31 — SD OUTPUT CURRENT
vs SD OUTPUT VOLTAGE

Ta=25°C
200
150
Vee =55V
100 -
/ Ve = 4.5V
50
o
o 1 2 4 5

-75

-50

-25

VoL. SD OUTPUT VOLTAGE (V)

Fig. 33 — SD OUTPUT CURRENT
vs SD OUTPUT VOLTAGE

1

Ta =25°C

N
\‘\v cc= 5.5V

-
Vee = 4.5V
LY N
1 2 3 4 5

Vom, SD OUTPUT VOLTAGE (V)
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PACKAGE DIMENSIONS

PLASTIC DIP {Suffix: -P) PLASTIC 2IP (Suffix: -PS2)

€ FUNTSU LMITED +987 D280TSS 2C

(CASE No.: 21P-209-M012)

4-LEAD PLASTIC DUAL-IN-LINE PACKAGE
CASE Wo.: -804}

1 15rmax
SIMOEX-Y EJECTOR MARK i
O FrneN *0010.16TvP
Q inoexg
1 t
008 020 { o101002
_— : s 1.
"—DVZ(”:‘-O.N‘ 10.25:0 081
012
“_0
osoi1.m —ww
- e
{2008 28max
L
¥ Jnuunmm
wozsa_ i | oeor®? ot
LT x
92 o . v sIA
WS

Cremarscns in
1acren it

26-LEAD PLASTIC 2IGZAGN-LINE PACKAGE

137:.008

2
=tz

DEUNTIU LIMITED 197 2260025 1C

IIOTDCLTOELITOONT ==
e e AR e

Oumerasons
wnches imistmeterst
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