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B CURRENT LINE OF HITACHI IC MEMORIES
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B TYPICAL CHARACTERISTICS OF RANDOM ACCESS MEMORIE

o MOS RAM
Power
. Access Cycle Supply P Package*
Type No. Process Nouf’%li’f T Ozﬁla::l Mode Time Time | Voltage Dlt‘;‘f;ga' ackag Replacement
(s)max. | @s)min. | V) | qw) | PinNo. |C |G |P
HM472114A-1 150 150 oo
el 1AA | +5 200 18
HM472114A2 | o 200 200 O | O | Intel 211412
HMaT21143 | 300 300 O | o | Intel 2114L-3
_valallas | +5 200 18
HM472114-4 450 450 0 |0 | Intel 2114L
HM4334-3 300 460 O | Harris HM-6514
L 24 X 4 +5 20 18
HM4334-4 10 450 640 o
O | Intel2148
HM6148 70 70 vs 200 8 nte
HM6148-6 4K 85 85 O | Intel 21486
O
HM6148L 70 70 vs 200 8
HMG6 148L-6 85 85 o
HM4315 450 640 +5 20 18 o
47 tati 70 70 o [o | Intel 2147
HM61 CMOS Static +5
HM6147-3 4096 X 1 55 55 75 8 o | o | Intel 21473
HM6147L 70 70 vs o
HM6147L-3 55 55 o
HM6116-2 120 120 o
HM6116-3 150 150 +5 180 24 o
HM6116-4 200 200 o
- 48 X
HM6116L-2 16K 2048 x8 120 120 S
HM6116L-3 150 150 +5 160 24 o
HM6116L-4 200 200 S
HM4716A-1 120 320 2 olo
HM4716A-2 150 320 o5 350 6 O |0 | Mostek MK4116-2
HM4716A-3 16K 16384 1 200 375 5' o | o | Mostek MK4116-3
HM4716A-4 | NMOS Dyna- | 250 410 O | O | Mostek MK41164
HM4816 mic 100 200 +5 250 16 |o
HM4864-21 150 270 o
— 4K 536X +5 170 16
HM4864-3+ 6 65536x1 200 335 o
e Bipolar RAM
Power
Tyoe No. | Leve; | Number | Organi- | o Access | SUpply | piqing- Package* .
P : of bit zation Vutput Lime V?{It)age tion Replacement
(ns)max. (mW/bit) | PinNo. |C | G | P
HM2105 35 1.8 16 o Fairchild F10410
HM2106 15 1.8 16 o
e 256 256 X 1
HM10414% 10 -5.2 2.8 16 o Fairchild F10414
HM10414-1% 8 2.8 16 o
HM10422¢ 256 X 4 10 0.8 24 o Fairchild F10422
HM100422F 10 45 0.8 24 o Fairchild F100422
HM2110 ECL Open 35 0.5 16 o Fairchild F10415A
HM2110-1 K Emitter 25 0.5 16 o
HM2110-2 1024 X 1 20 0.5 16 o
HM2112 10 -5.2 0.8 16 o
HM2112-1 8 0.8 16 o
HM10470} 25 0.2 18 o Fairchild F104
4K 4096 X 1 airchild F10470
HM10470-1% 15 0.2 18 o
HM2504 irchi
256 256 X 1 55 1.8 16 o Fairchild 93411
HM2504-1 Open 45 1.8 16 o Fairchild 93411A
HM2510 Collector 70 0.5 16 o
HM2510-1 | TTL 45 +5.0 0.5 16 o Fairchild 93415
HM2510-2 1K 1024 x 1 35 0.5 16 o Fairchild 93415A
HM2511 70 0.5 16 o
———— 3-state
HM2511-1 45 0.5 16 o Fairchild 93425

*: The package codes of C, G, and P are applied to the package materials as follows.
C; ceramic with Lid, G; Glass-Sealed Ceramic, P;Plastic.
t: Preliminary.
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B TYPICAL CHARACTERISTICS OF READ ONLY MEMORIES ——

® MOS ROM
Power
. Access | Supply g Package*
Type No. Program N;-nt‘,?te T Ox%iaox}llza Process Time Voltage Disst ackage Replacement
) ) pation -
(ns)max (mW) | PinNo. | C |G | P
HN462316E 16K 2048 X 8 350 350 24 O | Intel 2316E
HN46332 Mask 32K 4096 X 8 350 250 24 O | Mostek MK32000
HN48364 64K 8192 x 8 350 225 24 O | Mostek MK 36000
HN462716 UV Erasable 16K 2048 X 8 NMOS 450 +5 310 24 oo Intel 2716
HN462532 and Electrically 37K 4096 X 8 450 450 24 o Texas TMS2532
HN462732 | Programmable 24 | o Intel 2732
Electrically Erasable
HN48016 and Programmable 16K 2048 X 8 350 160 24 o
® Bipolar PROM
Power
i Access Supply At Package*
Type No. N‘\;;n b‘;? (;;gt?g:l Output Time Voltage D;Sif)lga ackage Replacement
(ns)max. V) mW) | PinNo. | C | G
HN25044 4K 1024 X 4 Open Collector 50 500 18 [e] Signetics 825136
HN25045 3-state o Signetics 825137
HN250841 Open Collector (o) Signetics 825184
—_ 2048 X 4 0 +5 0 18
HN25085% 8K 0 3-state 6 60 o Signetics 825185
HN250887 Open Collector o Signetics 825180
bbb X 0 24
HN25089t 1024 x8 3-state 60 60 o Signetics 82S181
*: The package codes of C, G, and P are applied to the package materials as follows.
C: Ceramic with Lid, G: Glass-sealed ceramic, P: Plastic.
F: Preliminary.
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B PACKAGING INFORMATION (Dimensions in mm)

Hitachi IC Memories are classified into 3 types; dual-in-line
plastic type, dual-in-line ceramic (glass-sealed) type and
dual-in-line ceramic (with lid) type, according to the quality of
material used for packaging.

Therefore, after taking into consideration the operation en-

® DUAL-IN-LINE PLASTIC

vironment and other conditions, please select the optimum
packaging. Moreover, it is requested that the packaging mate-
rial quality code be specified when orders are placed for types
having a plural packaging material quality in the same variety.
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B RELIABILITY OF HITACHI IC MEMORIES

1. Structure

There are Bipolar type and MOS type IC memories. The
former has a characteristic of an extremely high speed. But it
is a comparatively small capacity and on the other hand, latter
features a large capacity. These IC memories are utilized by ef-
fectively taking the most of their respective characteristics.
Flows from designing, manufacturing and up to inspection for
both Bipolar and MOS type IC memories are established under
a unified concept, design and inspection standards. Therefore
stable results concerning their reliability have been obtained
with these IC memories, regardless of differences in the circuit
design, pattern, layout, degree of integration, etc.

From its characteristics, the memory LSl is integrated in high

Table 1 Examples of Basic Cell Circuit of IC Memories

density by unit patterns called ““cell” and it is not exaggeration
to say that they are produced in the most advanced semicon-
ductor manufacturing technologies. To get the high reliability
of such a memory which has been subjected to rapid technolo-
gical advances, know-hows based on past experience from the
design stage of a cell are incorporated. Farther to evaluate
reliability of each respective technology applied. Reliability
evaluation using TEG (Test Element Group), etc. is carried out.
Examples of cell circuits of the Bipolar memory and MOS
memory are shown in Table 1.

NMOS, CMOS
Classification Bipolar memory NMOSr_nemo;Z memories NM(()PSRr(r:;&n)lory
(Dynamic RAM) (Static RAM)
Buffer memory, control Mai .
c . . ain memory of computer, For microcomputer
Application g?;"p‘ﬁ?’e;)f high-speed microcomputer memory control
Example of
basic cell
circuit

—

2. Reliability data

Results of reliability tests are listed below.

(1) Example of failure criteria
Failure criteria for the Bipolar type are the same as the
criteria for TTL and ones for MOS are the same as the
MOS LSI failure criteria. Some of the MOS type dynamic
memories require 3 types of power souces Vpp, VBB, and
Vcc. However, since an operating range of *+10% is inde-
pendently guaranteed for each of the power sources, elec-
trical inspection in the function test and others, is carried
out under all respective combinations.

((2) Reliability test data on Bipolar memories
The reliability test data on the Bipolar memories are
shown in Tables 2 and 3. Since they are manufactured
under the aforementioned standardized design rules and
quality control, there is no difference in reliability among
various types. In addition, it can be said that the greater
the capacity, the higher the reliability per bit.

(3) Reliability test data on MOS memories
The reliability test data on the MOS memories are shown
in Tables 4, 5 and 6. In these tables, data are shown on
representative types of HM4716A (16K bit dynamic),
HN462716 (16K bit PROM), HM472114P (4K bit static)
and HM6147P (4K bit static).

8 @ HITACHI



lable 2 Results on Bipolar Memories of Reliability Tests (1)

Test HM2504 Ceramic (Metal-lid) HM2510 Ceramic (Glass-sealed)
Test item o Total com- . Failure Total com- i Failure
condition Samples ponent hours| Failures rate* Samples ponent hours Failures rate*
oo CH. 1/hr CH T/hr
) Lo 125y 125 23x10%| 0 41X 107 75 1.6 X 10° 0 57X 107
Hig =
‘e(’]“)l(’:e:}'“)" LA e 75 1.3 10° 0 69X 107 40 0.7 X 10° 0 1.3% 10°°
ias :
Ta=175°C
Vce =5.25V 30 0.5 X 10° 0 1.7X 107° 40 0.7 X 10° 0 1.3X 10°°
High temper- | Ta= 125°C
ature (Dyna- Vee =5.25V - - - - 300 6.0 X 10°¢ 0 1.5 X 1077
mic operation) | tcyc = 10us
ON/O "l;a =25°C
FF cc =5V cycles cycles
bias ON: 3 minutes, 50 J 0 - 30 8,500 0 -
OFF: 3 minutes,
High- Ta = 200°C 30 0.8 X 10° 0 12X 10°° 20 0.4 X 10° 0 23X 10°°
temperature Ta = 259°C 20 0.5 X 10° 0 1.8 x 10°° 20 0.6 X 10° 0 1.5%x 10°°
storage Ta = 295°C 30 0.8 X 10° 1 27X 10°° 10 0.3 X 10° 1 6.7 X107
Temperature | —55°C ~ 150°C cycles cycles _
cycling 3 cycles/hour 50 s 0 - 30 1,000 0

* Estimated failure rate with confidence level 60%.

fable 3 Results on Bipolar Memories of Reliability Tests (2)

Test item Test condition HM2504 Ceramic (Metal-lid) HM2510 Ceramic (Glass-sealed)
Samples Failures Samples Failures
Temperature cycling —65°C ~ 150°C 10 cycles 22 0 22 0
Soldering heat 260°C 10 seconds 22 0 22 0
Thermal shock 0°C ~ 100°C 10 cycles 22 0 22 0
Mechanical 1,500G, 0.5ms
Shock Three times each for X, Y, and Z 2 0 22 0
100 ~ 2,000Hz, 20G recipro-
Variable frequency cation 4 minutes 22 0 22 0
Three times each for X, Y and Z
Constant-accelaration ZI?&OQOG 1 minute each for X, Y 22 0 22 0
rable 4 Results on MOS Memories of Reliability Tests (1)
HM4716A Ceramic (Glass-sealed) HN462716 Ceramic (glass lid)
i iti Total : Total .
Test item Test condition Samples | component [Failures Fr:xtlgze Samples| component |Failures Faltlugfe Remarks
hours hours rate
] Ta = 125°C
figh-temperature | Voo = 13.2V, CH. 1/hr CH. l/hr | *1
iynamlc tcyc = 10us; HM4716A | 831 1.04 X 10¢ 1*' 11.94 X 10°¢ 48 5.1x 10? 0 1.89 X 1075 | Defective
speration Vcce 5.5V, oxide
teyc = Sus; HN462716
- lemperature | 1, = 200°C 10 [20x10° | 0 [46x10° | 40 |60x10 | 0 |15x10°
*2
Tigh-temperature - o 4 - 2 -s | Data dis-
torsae Ta=259°C 10 120X10° | 0 |46x10° | 38 |57x10° | 4% |92x 107 |Datedie
X 4
*3
igh-temperature - o 4 - 3 -a | Data dis-
toree Ta= 295°C 30 [60x10* | 0 |15x10% | 40 | 60X 10° | 7% |14x 107 |DaBdS
X 7
ligh-temperature — en°
nd high- s 20 |[40x10° | 0 [23x10° | 10 |10x10* | 0 [9.2x10°
wmidity storage °
torage PO [ Ta = —65°C 20 [40x10° | 0 [23x10° | 22 [22x10° | 0 [42x10%

* Estimated failure rate with confidence level 60%.
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Table 5 Results on MOS Memories of Reliability Tests (2)

HM472114P HM6147P
st ite iti Total i Total ;
Testitem Test condition Samples|component|Failures Fallu*re Samples|component [Failures Fa).lu:e Remarks
rate rate
hours hours
High-temperature | Ta = 125°C CH 1/hr CH 1/h
pulse Vee =35.5V, ‘108 - 10 &
Actuation teyo= 10us 60 1.2x 10 0 7.7x 10-¢| 196 [1.96 X 10°| 0 4.7x 10
High temperatir® 74 = 150°C 30 [60x10°| 0 |1.5x 10| 20 [20x10*°| 0 |46x10°
High-temperature _ zco :
i o Ta=65°C s - *1 Aluminum
and high-humidity | pr_"g'ser 5§51 |9.1x10 1* 2.2 X 107¢ - - - - corrosion
storage
High-temperature _ an®
' c4ic 1 Ta=80°C "~
and high-humidity _one - - - - 20 {2.0x 10* 0 4.6 X 10°%
storage RH =90°C
High-temperature |[Ta = 85°C, RH = 85%
and high-humidity |Vcc=5,5V, HM472114P | 340 |5.8 x 10° 0 1.6 x 107¢ 20 |4.0 x 10* 0 2.3 X10°*
bias Vcc=CS=7V, HM6147P
* Estimated failure rate with confidence level 60%.
Table 6 Results on MOS Memories of Reliability Tests (3)
HM4716A HN462716 HM472114P HM6147P
Test it Test diti R k.
estitem est condition Samples | Failures | Samples | Failures | Samples | Failures | Samples | Failures emarks
Temperature | —5°C ~ 150°
cycling 10 cycles 150°C 750 0 25 0 - _ _ _
Temperature | —55°C ~ 150°C
cycling 10 cycles - - - - 1,392 0 38 0
0°C ~ 100°C
Thermal shock 10 cycles 38 0 25 0 20 0 20 0
Soldering 260°C,
heat 10 seconds 38 0 25 0 20 0 18 0
; 1,500G, 0.5ms
]glhe:?]e(mlcal Three times each 38 0 25 0 22 0 - -
for X, Y and Z
100 ~ 2,000Hz, 20G
Variable mf.uproca‘uon 4
minutes
frequency Three times each 38 0 25 0 22 0 - -
for X, Yand Z
Constant- 20,000G 1 minute
acceleration each for X, Y and Z 38 0 - - 22 0 - -

(4) Change of electrical characteristics under endurance test
for IC memories

(5) Classification of failure modes

The degradation of IcBo of the cell transistor, degrada-
tion of hgEg, etc., can be considered as main factors in the
internal elements for reliability of Bipolar memories. In
actual element designing, however, it has been designed to
operate in the range at which these degradations do not
happen. Therefore changes of electrical characteristics
including access time are not observed. A example of
change in the access time is shown in Table 7.

VTH is a basic parameter in the MOS memories; however,
it has been confirmed there is not any shift in VTH for
practical usage because we have applied surface stabilizing
technique, clean process, etc. The change of Vgg min
which is one of the detective parameters for degradation
of VTH in case of MOS memories is shown in Table 8.

10

Examples of failures happened in the field are shown in
Figs. 1 and 2. Since memory LSls generally require the
most fine processing in semiconductor manufacturing
technology, the percentage of failures resulting from pin-
holes, photoresist defects, foreign materials, etc., is tending
to increase. To eliminate the latent defects which are
generated in these manufacturing processes, we are con-
stantly improving these processes, and performing burn-in
screening under high temperature for all memories. In ad-
dition, since the analysis of failures in the field can result
in important feedback to improve their design and manu-
facturing, we are always exerting our efforts to collect
field data with the aim of further establishing their high
reliability.
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fable 7 Example of Change in Bipolar Memory Characteristics

Example

Example of time change in access time for Bipolar memory

Nomenclature HM2510

Test condition Ta=125°C,Vcc =5.5V

Failure criteria tAA = 70ns

Failure mechanism

Surface degradation

Results:
Access time (tA A) is stabilized and is within the failure
criteria.

Average

Measuring condition } Maximum
Minimum

or Marching pattern

60

taa (ns)
——
<
g
T
[ —1
[ S—
—

Fable 8 Example of Change in MOS Memory Characteristics

Example

Example of time change in VBBmin.

Nomenclature HM4716A

Test condition Ta=125°C, VDD = 13.2V
Dynamic
operation

|VBBI| =4.5V or
AVBB = 1.0V

Failure criteria

Failure mechanism Surface degradation

Results: There is no degradation in the power voltage
margin and it is stabilized.

Remarks: Measuring accuracy is +0.2V.

s Measuring condition Maximum
VDD = 12.0V % Average
o Vce =5.0V Minimum
Marching pattern N = 100 each

‘ Ta = 25°C

Vg min (V)

+ ] | ]
1 1 1

| 1
0 500 1,000 ’ 72,000

Hour (hr)

Non- |
reappearing
failures
15%

Pinholes
30%

Statistics

for 1975~
1978
Denstruc- 50~200FIT
tion

Defective

photo-

lithography
10%

Defective
Defective
insulation
layer due
to foreign
materials
10%

Fig. 1 Classifi of MOS M

of Failure Mod

y in the field

Unknown
or

others

12%

Pinholes
15%

Defective

photo-

lithography
10%

Statistics

- : for 1975—
eerrese
359 50~70FIT Foreign
material

8%

Destruction
(4

Fig. 2 Classification of Failure Modes of Bipolar Memory in the field
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(6)

Failure rate and derating

An example of PROM derating curve for EPROM is shown
in Table 9. Generally, since the recommended operating
conditon of the IC memory is fixed, it is common to take
into account only temperature when the user performs
derating. However, since lowering its junction temperature

Table9 Example of Derating Characteristics on HN462716

in usage is expected to provide a more stabilized operation
from the aspects of access time or refresh time and other
characteristics, we would like you to take into account
this effect.

Example

Derating curve of MOS EPROM HN462716

Stress factor Temperature

Electrical characteristics,

Failure criteria function test

f; /
/

Failure mechanism Data-loss %
& 10
= /
Summary: a
The derating curve on the right has been obtained 5
under high-temperature storage test for EPROM “e
HN462716. &=
=
2 10*
10°
10 i 1
L5 25 30 3.5
—— WY/TK Y
Remarks How to use a derating data

High reliability can be expected from the decrease of junction
temperature in the above figure. The junction temper-

ature is obtained from equation Tj = Ta + 6ja - Pd - Whereas,
6ja is the thermal resistance of the package, which is about
100°C/W in windless condition and about 60 ~ 70°C/W at the
wind velocity of 2.5 m/s.

12
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B PRECAUTIONS FOR HANDLING IC MEMORIES

A variety of IC memories of high-speed, high-power and static
low power dissipation CMOS have been developed and
commercially available, which allows an electronics designer to
properly select the one best suited for a particular application.
However, he must be familiar with the advantages and
disadvantages of the devices to make the optimum selection
and to prevent them from malfunctioning or, in the worst
case, from breaking down. Precautions for handling IC
memories given below will help the electronics designers to
work out their optimum circuit designs.

1. Bipolar IC Memory
1.1 Prevention of static electricity
Bipolar ICs have been considered to have higher resistance to
the static electricity than MOS ICs. However, the presently
availabe high speed IC, represented by bipolar memories, must
be provided with a suitable preventive measure against the
static electricity. Because their diffused junctions have become
thinner than the conventional types, in order to perform
nigher capability. Take note of the following points.

(1) Keep all terminals of a device in the conductive mat
during transportation and storage to keep them at the
same potential. A conductive mat called “MOSPAK" is
commercially available. Unless otherwise specially stated,
all HITACHI IC memories will be shipped in our
conductive mats. Store them as they are.

(2) When handling by hand IC memories for inspection or
connection, his finger must be grounded as shown in Fig.
1. Do not forget to insert a 1M ohm resistor to protect
him against an electric shock.

Insulated clip

_/é\
, RIS

Copper ring \
{put it on a finger) gy iolding wire 1 M ohm,
(about 1 meter) 1/4 W resistor

Fig. 1 An example of human body grounding

3) It is advisable to control the ambient relative humidity at
about 50 per cent to prevent the occurrence of static
electricity.

4) Itis also recommendable to wear cotton clothes instead of
the ones made of synthetic fabrics to prevent the static
electricity from occurring.

5) It is desirable to ground the soldering iron tips. Use a low
voltage soldering iron (12 or 24V), if possible.

6) When IC memories mounted on the circuit boards are
shipped, it is preferable to pack them with conductive
mats.

1.2 Cooling down

A bipolar memory will dissipate about 0.5 W of power

otwithstanding it is operated or not operated. For instance, a

IK byte memory card consisting of 36 peices of HM2510

levices will dissipate about 20 Watts. Since the heat generated

)y such a circuit board is too great to be removed by the

natural convection, a forced air cooling system having a
capability of 2.5 m/s or more air blow must be installed. A
large. memory system must be installed in a sealed housing
which has a pair of air inlet and outlet.

1.3 Preventive measures for reverse insertion

If a device is reversely connected, an excessive current will
flow to burn the connection leads to the memory chip
resulting in breakdown of the device, because its VCC and
ground terminals are symmetically positioned. Locate the pin
No. 1 which is indicated by a mark on the top surface of each
device and provide the device with correct connection.

2. MOS IC Memory

2.1 Prevention of static electricity

Similar to bipolar IC memories, suitable preventive measures
should be taken for MOS IC memories by referring to
paragraph 1.1.

2.2 Absorption of power source noise

The source current level flowing in the dynamic memory
during the time of access is considerably different from that of
stand by. Although the current difference is quite effective to
save the power consumption, the current spike may be
developed into the power source noise. Since all MOS IC
memories are, in general, accessed while being refreshed, it is
recommended to insert larae capacitors (a 10 uF capacitor for
every 9 pieces of 16K-bit HM4716A, for example) as well as a
0.1 uF capacitor having good high-frequency characteristics
for each memory. Needless to say, it is very important to
reduce the power circuit impedance when designing.

2.3 Current spike in VBB power

The VBB power is necessary for maintaining the IC memory
function in the reverse bias and the current does not generally
exceed the level of the reverse leakage current. However, in
order to prevent an accidental current spike which is sharply
formed in either positive or negative phase by the rise or fall
clock pulse at the time of access, use a 0.1 uF capacitor for
every 2 or 3 memories for absorbing such noises.

2.4 Clock driver ICs

The TTL to MOS clock driver ICs have special designs so that
they are capable of quick increase in the capacitive load. If a
ground wire short-circuits either VDD or VCC’ which appear
in the Pin No. 1 and No. 16 respectively, when the device is at
high level, the device may be broken down. Carefully eliminate
such possibility beforehand.

2.5 Power application sequence

It is advisable to design the circuits so that power is applied in
the sequence of VBB' Vpp and VCC and interrupted in the
reverse sequence, here the reverse bias VBB is applied first and
interrupted last.

It may be impossible for some small-scaled systems to apply
power in the above-mentioned sequence (for example, when
the VBB is supplied by a DC to DC converter). According to
our experiments conducted in the under-mentioned test
conditions, it has been proved that such a small-scaled system
as to consist of 200 to 300 memory devices is not affected
by the power application sequence.
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Power application sequence test for N MOS IC
1.) Test method .
(1) Ambient temperature: 25 C

(2) Power voltage: Vpp=13.2V, Vcc=5.0V,
V,y=5.0V
(3) Operation mode: AC operation (0" to
+16383" all bits scanning).
teyc=10 us
Read modify write operation
(4) Vgg power: ON (1 min.) — Floating (1 min.)

132V

= time t(min)

2.) Test results

Number of Number of Number of
Type No. cycles samples failures
HM4716A | 2000 cycles 50 0

2.6 Assessment of the memory system design

It is quite effective to obtain the power margin curves (shmoo
curve) for evaluating the memory system designs (timing
margin or adaptability to the peripheral circuits). Investigate
the VBB and VDD power behaviors by gradually varying their
levels, and the ones which are closer to the margine shown by
the memory device itself can be judged to be better than
others.

2.7 Overhead parity bit

Application of MOS IC static memory especially to micro-
computers has been rapidly increasing due to the advantages
that MOS static memory is operated by a single 5V power
source and refreshing is not required.

There are some cases where all bits are used as the information
bit without inclusion of any parity bit by some circuit
designing reasons. It is, however, desirable to add parity bits to
thoroughly avoid the memory error.
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# OUTLINE OF TESTING METHOD

. Inspection Method

ompared to conventional core memories, all peripheral
rcuits such as the decoder circuit, write circuit, read circuit,
., are contained within the IC memories. As a result, all
orks of assembling the parts and performing electrical inspec-
on, which had been carried out by core memory manufac-
irers in the past, have be come to be incorporated as works of
> manufacturers. Consequently, the electrical inspection of
1e memory IC has been faced to a more systematic inspection
ethod and conventional IC inspection facilities have become
ympletely useless. This has led to the development and intro-
uction of a memory tester with pattern generator to generate
e inspection pattern of the memory IC at high speed. A
inction test for such as TTL gates can be performed even by
comparatively simple DC parameter facility. However, when
e address input becomes multiplexed as in 16K memory,
ren the generation of the function test pattern becomes a
wious problem. In the memory IC inspection, its quality
annot be judged by only inspecting DC characteristics related
» external pins. This is because numbers of transistors, etc.,
llated to the DC characteristics of the pins only amount to
/1000 of all element numbers within IC memories. The
sllowing various address patterns are proposed to inspect
‘hether or not the internal circuits are functioning correctly.
1) All “Low"”, all “High”

2) Checker flag

3) Stripe pattern

1) Marching

5) Galloping

3) Walking

7) Ping-pong

Jthough there are a lot of address patterns, only representative
nes have been listed. These patterns are convenient for
hecking the mutual finterference of bits and sometimes are
atterns with maximum power dissipation. Among the above-
ientioned patterns, those of (1) to (4) are the socalled N
atterns and these patterns are capable of checking IC memo-
ies of N bits with several sequences of N at most against the
emory IC of N bits. Whereas, those of (5) to (7) are called
12 patterns and they need patterns several sequences of N2.

\ serious problem arises in using the N? patterns in a large-
apacity memory, For example, a long period of about 30
ninutes becomes necessary to perform inspection of the 16K
remory with galloping pattern. Patterns from (1) to (3) are
omparatively simple and good methods, but they are not
ierfect against a failure in the decoder circuit. As the most
imple pattern for inspecting the necessary memory function,
here is a ““Marching’’ pattern.

2. Marching Pattern

The marching pattern, as its name indicates, is a pattern in

which ““1”s march into all bits written in ““0’’s. The addressing

method will be explained for a simple 16 bit memory as an
example.

(1) Write “0” forallbits . .. ............... Fig. 1(a)

(2) Read ““0”" of Oth address and check that the read data is
““0". Hereafter, the meaning of ““Read” is “‘checking and
judging the data”’.

(3) Write “1” intheOth address . ... ......... Fig. 1 (b)

(4) Read 0" of 1st address

(5) Write “1”" in 1st address

(6) Read ‘0" of nth address

(7) Write “1”" innthaddress . .............. Fig. 1 (c)

(8) Repeat above procedures (6) and (7) up to the last.
Finally, all data will become ““1"".

(9) Since all data are ““1”'s in this condition, replace “0’" and
1" after procedure (2) and repeat once more up to
procedure (8).

It is understood that 5N address patterns are necessary for the

N bit memory in this method.

a b c
0 0 0 0 1 0 ) 0 1 1 1 1
0 0 0 0 0 0 0 0 1 1 1 1
0 0 0 0 0 0 0 0 1 1 ) [
0 0 0 0 0 0 0 0 0 0 0 0

Fig. 1 Addressing method for 16 bits memory in the Marching pattern

3. Generation of Marching Pattern

The method of generating the marching pattern and displaying
failed bits of the memory on the Braun tube will be intro-
duced. Fig. 2 shows the all block diagram. The address pattern
is generated by using four synchronous 4 bit counters. All
address patterns are shown in Fig. 4. This example, is for 16K
bit memory, however, it can be easily understood that A14
which has a half frequency of the maximum address input A13
is the same as the data input.

The A15 signal together with the carrier signal of HD74161 is
used to determine the termination of the sequence.

As shown in Fig 2. In the read and write cycles after cleaning
all bits addressing is twice the period of clearing. This switch-
ing is performed at the gate of the binary circuit following the
reference pulse generating circuit.
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Clock
generating circuit

Reference pulse
ating circuit

b [ Yi | ADDRo

N
A —— j’;: Yo ADDR:
Bin:-y__L%—ﬁ_' ce el [ f—‘ {1 HO74157 Y3|——= ADDR:

A 0 — :
circuit Carry Out i Yof——= ADDRs
S
T A

1
%—\ A S Yi}——e ADDR¢
%

4—{CP HDT4161 A Y2}——= ADDRs

o HD74157 Y3}——== ADDRs

Carry Out
Bl
B
T ]|
A2 Address
—— CP HD74161  [A iplexing circuit
A
Carry Out
4k Carry Out)
T Jpu ]
A5 To Din
L—CP HD74161 of memory
(TED— —
it} To output

comparator circuit

Fig. 2 Marching Pattern Generating Circuit

A — v,
A — D/A
Ap—— .
n—y  con- A op aup To X axis
A——  verter oscilloscope
As ——
Ay —
Ar — Sap,
Ay ——
w—ro D/A .
Aw—  con- w—— 0p Avp 5 To Y axis
An—  verter oscilloscope
Ay ——
Ay—

" m To Z axis

Judged signal from = I/ oscilloscope
output comparator circuit

Fig. 3 Fail Bit Map Display Circuit

jo-——————1 sequence —————f
f—A110" —fm——0"Read " 1" W rite —emfre——"1"Read 0" Write —=r]

1 T Wl P o B B DU o I

mo— 1

o_ |
(Din)

Ais l

Fig. 4 Entire Pulse Relations

Input the output of HD74161 is input to the D/A converter
and the output of D/A converter is connected to the oscillo-
scope to display = X-Y matrix. The output of the comparator
circuit is connected to the Z axis and performs luminous inten-
sity modulation. In this way, the fail bit map can be displayed
on the CRT. Fig. 5 shows an example checking a voltage
margin. By changing the power voltage Vgg, the increase and
decrease of the failed bits can be well understood. The opera-
tion of the memory can be dynamically understood by display-
ing its operation on the CRT. The operation of the memory IC
is extremely complicated differing from other TTLs, etc.. Its
operation is not easy to understand by pulse waveform obser-
vation with an ordinary oscilloscope. The fail bit map as
shown in Fig. 5 is extremely useful. It is capable of visually
understanding the operation of memory IC.

«w

§ 3
]
9

«
>
X address —
(a) In case of VBB = —0.3V

P

3

=

<

<

>

"~ Y address—
(b) In case of VBB = —0.1V

Fig. 5 Example of Dependency of Fail Bit Map on Vgg

X address

Y address

Fig. 6 Example of 1 bit solid fail
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}. Failure Mode

senerally, failure 70% ~ 90% of failures at users are of those
alled solid failure. This failure mode has no relation with
iccess time, voltage margin and timing, and is not capable of
eading from or writing to certain specified bits and .is failure
ixed to 0" or “1”. An example of a single bit solid failure is
hown in Fig. 6. The convenient checker, previously men-
ioned as simple tester, is sufficiently capable of detecting such
ailures. Therefore, with the exception of special cases, it can
e considered that the necessity of performing high-precision
neasurements such as those made by memory IC manufac-
urers is rare.

n the inspection of memory IC at out company, full inspec-
ion under the worst conditions are performed so as to guar-
intee sufficient operations under all power voltage conditions
ind timing conditions listed in the data sheet.

An extremely accurate memory tester becomes necessary for
serforming high-precision inspeciton with 1ns accuracy. Our
:ompany is developing IC memory testers to supply memory
Cs with excellent characteristics and quality to users and is
istablishing the system capable of developing further high-
fficiency memory ICs.

@ HITACHI
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B PROGRAMMING & ERASING OF PROMS

1. Programming & Erasing of EPROM HN462716

1.1 Programming

Programming to the memory cell of HN462716 is achieved by
applying a high voltage to the drain and gate. The high voltage
of the drain raises the electron energy of the channel and the
voltage of the gate induces the high energy electron (hot elec-
tron) injecting to the floating gate. Thus, the charge injected
to the floating gate changes the threshold voltage of the
memory cell and stores it as the memory information gate
changes the threshold voltage of the memory cell and stores it
as the memory information.

Drain
I
Gate |
!
1

Floating Gate
Fig. 1 Equivalent circuit shematic of memory cell

Initially, and after each erasure all bits of the HN462716 are
in the ““1"" state. The HN462716 is in the programming made
when the Vpp power supply is at 256 V and OE is at VIH.

Data can be programmed (“1’" = “0") by applying the timing
relation waveform stipulated in the specification of HN462716.
Programming can be made to a sequential address and a
random address. In addition, writing of only 1 word is also
possible. Bits programmed in this manner become “’0" in nor-
mal power supply condition, however, the output data inverses
to ““1”” when Vg is rises. This voltage (READ V¢c) becomes
the index for confirming how sufficiently programming has
been made to the floating gate. (Of course, the switching speed,
input/output levels and others cannot be guaranteed in the
range exceeding the power supply condition of Vcc.) Fig. 2
shown the correlations among this READ Vcg, program pulse
width (tpw) and Vpp voltage and itindicates the characteristics
of a standard type memory cell.

It can be understood from Fig. 2 that the higher the Vpp and
wider the tpw. the more sufficient is the programming. How-
ever, there lies a possibility of breakage of the cell when the
Vpp becomes too high and exceeds the withstand voltage of
the device. Therefore Vpp is designated at 25V *1V. When
Vpp exceeds the maximum rating (including overshoot), the
p-n junction of the device sometimes leads to permanent
breakage of the element. Taking this point into consideration,
please take sufficient care by performing checking of Vpp
over shoot of the P-ROM writer, etc.

Since a total inspection cannot be performed prior to ship-
ment on matters such as writing & erasing cycles, a guarantee
form is not employed but it maintains a standard capable of
repeating more than 100 times normally. It can be said to be
a sufficient standard when considering the repetition to be
about 10 times in maximum in actual use.

Program : Ve¢ =5V, Ver=25V
Read: Vir=5V

Read Vee (V)

0 10 20 30 40 50

Program Pulse Width tew (ms)

: /
7

Program : Ve =5\
l tow

Read Vee

Read: Vep=5

20 22 24 26 28
Program Vyp (V)

Fig. 2 HN462716 Typical Programming Characteristics

1.2 Erasing

Data erasing of HN462716 is performed by the discharge of
the electric charge in the floating gate and with the ultravio-
let ray irradiation to the memory cell.

The erasing condition of HN4627 16 is stipulated as ultraviolet
ray wavelength 2,637A and minimum integrated dose 15W.
sec/cm?. This condition can be obtained by placing an ultra
violet lamp of 12,000;4¢W/cm2 within 1 inch of the device and
shelving it for about 20 minutes. The material quality of the
transparent lid is sapphire and the transmission factor of the
ultravioletrays is about 70%. However, when contamination
and foreign matters exist on the cap surface, the transmission
factor will deteriorate and the time required for erasing will
become extended. In such a case, it is necessary to remove the
contamination with solvents such as alcohol, etc., which do
not affect the package. Actually, erasing of the element can be
sufficiently performed in a shorter time than the stipulated

_erasing time but since the erasing condition of 15W.sec/cm?®

for performing erasing with a sufficient margin within the
device usage condition range has been decided, always be sure
to perform irradiation above this condition.
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Although the efficiency of_ ultraviolet rays of a wavelength
»f less than 3,000 ~ 4,000A may differ, it has the capability
»f discharging the electric charge accumulated in the memory
ell of HN462716. The typical erasing characteristics of
AN462716 are shown in Fig. 3. The existance of easy-to-erase
ind hard-to-erase bits in the LSI in this drawing is due to the
jisperison of accumulated electron volume, etc.

since a slight a mount of ultraviolet rays is contained in fluo-
‘escent lights and sunlight, there lies a possibility of causing
nversion (“0” > “1”’) of the memory information accompany-
ng the vanishing of the charge when such light is irradiated for
1 long period. Therefore, when there lies a possibility of light
>eing irradiated and a high reliability is demanded, provide
neasures for shielding the light such as pasting a seal on the
id, etc.

SN
8 S F={ALL 0" T
N Lodaitr ||
N |
= NN Most easy-to-erase bit
FRIASSSY L]
3 R Most hard-to-erase bit
3
N

0 1 2 4

By S

Rate of Erased Bit (%)
N
2

0 1 3 4
UV-Irradiation (W-sec/cm?)

*ig. 3 HNA462716 Typical Erasing Characteristics

1.3 EPROM Writer
The 16K EPROM writer stores the program in its internal
RAM and writes the program in the EPROM. For this prog-
ramming, the minimum of 3 functions, the Blank check func-
tion prior to programming, the programming function and the
Verify function after programming are necessary.
The programming flow is as shown in the following drawing.
As shown in the drawing, there are also writers provided with
a reverse insertion checking function or pin contact checking
function prior to the Blank Check.
The outline of each block is as follows.
(a) Pin contact check
In the connection test of the ROM pin and the socket,
normally checking is performed by detecting the forward
current of each EPROM pin.
Care is necessary as this forward biased resistance differs
according to products of each company.
(b) Reverse insertion check
This check detects the reverse insertion of the device,
places the equipment in reset mode and protects the
device and equipment.
(c) Blank check
This check is performed prior to programming and checks
whether or not it is an erased EPROM or for preventing
EPROM reprogramming.
Since the output data in the erased condition are ‘1"
(high level) in case of HN462716, check whether or not
data in EPROM are all “1"”. It will fail-stop even when
1 bit is of ‘0" (low level).
Normally, it is designed to provide warning with a lamp or
buzzer.
(d) Programming
The function of programming the data in the internal
RAM of the writer into EPROM and will fail-stop when
programming cannot be made.
The normal flow is as shown below. The EPROM data will
be read out prior to programming and compared with the
programming data. If they coincide, programming will be
skipped and if they differ, programmingwill be performed.
Then, read out will be made again and compared with the
programming data, and if they coincide, it will progress to
the next address.

START

contact

Blank Check
000~7FF

Programming
000~7FF

Verify
000~7FF
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(e) Verify
This function is for checking after programming com-
pletion whether or not the programming is correct when
comparing with the data in the internal RAM of the writer
and it performes fail-stop when it does not coincide.
Normally, when it fails, together with lighting of the fail
lamp, the address and data are displayed.

L Address set
I

—

Is programming
necessary?

Is it
the final
address?

(f) How to input the program
There are the following methods for inputing the pro-
gram data to the internal RAM of the writer.
Normally, paper tape input and teletypewriter input

Address increment

are options.
Method Content
Copy input Input by copying the master ROM.

Manual input Input by the keyswitch of the front panel.

Used for correction or revision of program

Paper tape input Read the paper tape furnished from the

host system with the tape reader

Teletypewriter Input with the teletypewriter. Preparation,
input correction and list preparation of the
program can be made.

1.4 Handling of EPROM
1.4.1 Malfunction caused by static charge
There is a possibility of static charge generating on the glass
window of EPROM leading to malfunction of the LS| when
the glass surface of EPROM is touched by charged human
body or rubbed with plastic or dried cloth. Typical malfunc-
tions are blank fail, write margin fail, etc., which look as if
writing has been made in the LSI. This subject has already
been mentioned at the international society on LSI reliability
and the cause lies in the fact that a charge generates on the
chip of LSI due to static charge on the window and this
charge remains for a prolonged period.
1.4.2 Regeneration method of charged LSI
When EPROM is accidentally charged and the above-mention-
ed fail has occurred, the LSl can be completely regenerated
to blank condition by irradiating with ultraviolet rays for
erasing for a prescribed time. The charge remaining on the
chip differs from that accumulated on the floating gate and
normally, practically all charges are neutralized when ultravio-
let rays of about 50 mW.s/cm? are irradiated. Therefore, when
static charge fail occurs on EPROM in which the program has
been written, it is possible to remove the residual charge on
the chip surface without changing the programmed pattern by
irradiating ultraviolet rays slightly (about 5 ~ 10 seconds in
case of 6.5 mW/cm?). However, since a slight amount of the
charge stored in the floating gate will also be discharged in
this case, it is necessary to take care not to apply an “‘over-
dose” of ultraviolet rays.
1.4.3 Caution in handling
Since the basic cause is the static charge on the window, its
prevention is the most important measure in handling. This
is the same as the normal IC electrostatic breakdown measures
and the following methods exist.
(1) Earth the operator’s body during operation. Do not
use gloves, etc., which tend to generate static charge.
(2) Do not rub the glass window with plastic, etc., which are
easily cause static charge.
(3) Take care as a slight amount of ion is sometimes con-
(4) Ultraviolet ray light shielding labels (particularly those
containing conductive substances) are also effective from
the standpoint of static electricity charge prevention.

1.5 Light Shielding Lable

1.5.1 Light shielding effect

In case the data retaining characteristics is essential when
EPROM is used in an environment where there is the pos-
sibility of exposure to ultraviolet rays, it is effective to paste a
light shielding label having an ultraviolet ray absorption effect
on the glass window. A special label for this purpose is being
marketed by the EPROM manufacturer, however, those con-
taining metal are generally effective as they absorb ultraviolet
rays.

1.5.2 Charge prevention effect

Generally, the possibility of electrostatic charge will be re-
duced when the surface resistivity is lowered. Since the surface
resistance of the sapphire lid is extremely great normally
(more than 1515 /0 at 20% humidity), this can lead to static
electricity generation. Therefore, if the resistance can be
lowered by pasting a light shielding lable, the possibility of
charge will decrease.
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5.3 Selection of light shielding lable
1 selecting a suitable light shielding label, it is necessary to
ake care about the following points besides the above-men-
ioned items.
1) Adhesive property (Mechanical strength)
Care is necessary in case of reusing the lable or adherence
of dust as the bonding force is weakened.
2) Permissible temperature range
3) Moistureproofness
Ipon considering the above points, it is necessary to make
uitable selection according to the usage purpose.

2. Programming of Bipolar PROMs

.1 Programming Characteristics

"he storing system of the Bipolar PROM can be generally

lassified into 2 systems; the shortened junction system and

use system. Our company employes the shortened junction

ystem.

Jur products feature the following two points in their pro-

jramming characteristics.

» Fast programming speed
Writing can be made within an average of 1 second in case
of 4K bit. When the PROM WRITER is used, the normal
operations shown below are successively made; however,
only an average 2 ~ 3 seconds are required for each opera-
tion in this cycle.

Blank check

WV

Program Verify

NV

(Check prior

writin;
to writing) (writing)

(Confirmation)

High programming yield

Unlike the MOS PROM, the Bipolar PROM cannot be re-
generated once, it is written into the memory cell.
Therefore, it does not allows programming and inspection
of the product prior to delivery. Due to this, sometimes a
defective product (which does not allow programming) is
delivered.

Generally, the programming efficiency percentage is 90 ~
95% when programming is performed on the user’s side.
At our company, special tests such as actually performing
programming on the dummy cell in the chip, performing
continuity test of all memory cells, etc., are made prior to
delivery for minimizing the possibility to deliver defective
products.

2.1.1 Access time and power consumpion

Since it uses the oxide isolation technique which has demon-
strated excellent results in RAM (Read Write RAM) and
employs the SBD (Schottky Barrier Diode) TTL circuit,
the following are its features.

® Fast access time

® Small power consumption

® High reliability

2.2 Programming

There are two methods in the programming method of PROM.
That is, the method when programming is made by the PROM
manufacturer and delivered and the method when programm-
ing is made on the user’s side. Both these methods and pro-
cedures will be explained below.

2.2.1 Programming performed by the PROM manufacturer
As shown in the drawing below, the manufacturer receives
the program specification (specification designating the
program pattern) from the user, performs writing (Program-
ming) in accordance with the specification and performs
delivery. In this case, a special writing fee is charged.

Submittance of

program specification N
PROM
User “ manufacturer
A Delivery upon " )
programming (Hitachi)

2.2.2 Programming performed by user

In this case, the following three items must be prepared by

the user.

1 PROM WRITER (Main unit of programming equipment)
One capable of being used in common with equivalent
products of other companies.

2 Performance board (Exclusive board designated by each
manufacturer)

Minimum of 1 board for Hitachi PROM.

3 Sockets (sockets suited to product)

Minimum of one socket per product. These sockets are
purchased from the PROM WRITER manufacturer.

The relationship among PROM WRITER manufacturer,

Hitachi and user are as shown in Fig. 4.

User

Purchase of PROM
WRITER, performance
board (Hitachi certified
item) and socket
(Hitachi certified
item).

PROM purchase

Development demand
of Hitachi exclusive
performance board and

socket.
N
Manufacture of board
Hitachi and socket. PROM WRITER
. manufacturer
Manufacturer’s certification

Fig. 4 Relationship among Hitachi, User and PROM WRITER
manufacturer

As indicated above, the user purchases the performance
board and sockets exclusively for Hitachi products together
with purchasing the PROM WRITER.
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2.3 Programming Device

There are about ten programming device manufacturers. How-

ever, this does not mean that any manufacturer’s device will

suffice. The reasons are as follows.

® The suitability of the programming device affects the pro-
gramming efficiency. Therefore, it should be a device of a
reliable manufacturer.

® The servicing setup for handling troubles should be con-
solidated. The setup should be one that judgement can
be accurately made on whether it is a writing device trouble
or PROM trouble.

Hitachi has prepared a list of recommended manufacturers

which meet the above requirements. Please contact us for

information in this regard.
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B MASK ROM PROGRAMMING INSTRUCTION

The writing of the custom program code into the mask ROM
s performed by the CAD system using a large-sized computer.
You should submit the data of the ROM code in conformity
vith the specification explained below by either paper tape or
magnetic tape. In addition, enter your instructions such as the
ship select, customer part number, etc., in the “ROM Specifi-
cation ldentification Sheet”” and attach it to the ROM code
jata.

1. Overall Specification

Since the submitted paper tape, card or magnetic tape is fed
nto the large-size computer as it is, observe the following
ipecifications.

1.1 Specification of Paper Tape

1.1.1 Any color paper tape may be used as long as it is a
marketed 1 inch wide paper tape for computers. However,
a black color paper tape is recommended.

1.1.2 Take more than 600 frames for the leader and trailer.
1.1.3 Make the paper tape so that there is one roll for each
chip. Since extending the single chip portion over several
rolls and entry of several chips in one roll is impermissible,
please submit it by compiling into the single-chip portion for
each roll.

Example

00000000000 00/0000000000000000000C|00C000000

Data

’—— Leader

(more than
600 frames)

1.1.4 Parity mode
The presence and type of parity are clearly described in the
"ROM Specification ldentification Sheet”’.
There are following modes in the parity system.
(1) With parity
Evenparity ............. EVEN
0Odd parity
(2) Without parity
1.1.5 Use the 8 unit ASCI! code as the code.

1.2 Specification of Magnetic Tape

1.2.1 Use the following type of magnetic tape which can be
entered in a magnetic tape device which is compatible with
the IBM magnetic tape device.

(1) Length ..... 2,400 feet, 1,200 feet or 600 feet
(2) Width . . ............ 1/2 inch
(3) Channel ............ 9 channels

(4) Bitdensity .. 800 BPI or 1,600BPI (Clearly state which
it is in the “ROM Specification Indenti-
fication Sheet”’.)

1.2.2 Use the EBCDIC code as the use code.

1.2.3 Make the format of the magnetic tape as described be-

low.
(1) No leading tape mark
(2) No lable
(3) Recordsize ........ 80 byte/1 record
(4) Blocksize ........ 10 records/1 block
(6) The end of the file should be indicated by 2 successive
tape marks (TM).

Trailer —-—-I

(more than
600 frames)

1.2.4 Ensure that the magnetic tape becomes of 1 roll for each
chip. Since extending the single-chip portion over several rolls
is impermissible, submit by compiling into the single-chip
portion for each roll.

2. Data Mode

2.1 HMCS6800 Load Module Mode

This mode is the object mode output from the assembler of

HMCS6800.

2.1.1 Divide the 8 bit code into the upper and lower 4 bit

codes and convert each into hexadecimal notation.

(Example) The code of 1100 0110 becomes as follows under
binary notation.

(Upper 4 bits) (Lower 4 bits) 3 .

D,D,D,D, D,D,D,D, Bit weight

1100 0110 (ROM output

—_— e —_— equivalence)
C 6

2.1.2 The composition of the load module mode is shown
below by taking the case of paper tape as the example.
The numbers written in the tape are ASCII code hexadecimal
numbers of the data.

Block 1 Block 2

—HOw

Block 3

k4!
B4
—Hom
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Frame

)

} Leader (NULLS)
(CR)

F
(LU)LL .4

o=
>|c

= Head of record
CC = Type of record

ofale
ofw|e

-

Byte
count

Check

frames sum

~ -} Byte count (2 frames = 1 byte)

T

Address size

} Data
} Data

wla
ofw

T
|

} Check sum

(

(Note) The check sum is a technique which disregards the complement on one of each bit sum of the 8 bits.

2.1.3 The actual load module mode becomes as shown below,

CC=30 CC=31 CcC=39
Heade‘; Data End of
recor record ord
Frame file recor
1 Record start |5 ; s 5 3 s 5 3 S
2 Record type |3 o 0 31 1 3 9 9
3 Bytecount |® © 31 30
4 _Dyte count 36| °F 36 16 3a| 03
5 30 31 30
6 . 3.0 0000 31 30
7 Addresssize |3 o 3 o | 100 3 0] %
8 3.0 30 30
9 34 ~ 39 46
o Data 38 48-H 3 s 98 . 3| FC Check sum
3 4 30
Data 34 44-D 3 2 02
35
Data 3 2| SR
31
4 1
y  Check sum 2| s s | a8
=<

SO indicates the head of the file and S9 indicates the end of
the file. The actual data enters following S1. It means that
the data starts from the address (hexadecimal) indicated in the
address size. The address of the address size of the data re-
corder is compared with the next data recorder address by

counting in increments of 1 byte of the data and checking
whether it is sequential or not. In places where the address is
skipped, the data of 00 automatically enters hexadecimally.
The printed example of the paper tape of the HMCS6800 load
module mode is as shown below.

Example | Header record

Data record

Data record

End of file record >S9 03000 0FC

—S00B000058204558414D504CB5
—S113F0007EF5587EF7897EFAA7T7EF9CO07EF9C4T7E24
—S112F010FA657EFA8B7EFAAO07TEF9DC7EFA247E06

2.1.4 The ROM code data are capable of handling the follow-
ing 4 types of cases. A header recorder is required in front of
the data recorder and an end of file recorder at the back of
the data recorder.

(1) Case when the data reaches full capacity of ROM

The ROM recorder for 1 chip enters into the data recorder.
Since the address of the address size of the data recorder
counts the data and checks whether or not it is in a sequential

24

7 address, it becomes necessary that the address
7 not be skipped. The ROM head address column
. Data of the ““ROM Specification Identification
2 7, Sheet’’ becomes 0.
A
ROM
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') Case when data is input from en route of ROM Note 1)

Pr— In this case, perform entry by decimal nota-
0 enters) tion in the ROM head address column of the
7777774 “ROM Specification ldentification Sheet” on
D which ROM address you wish to input the data.
ata . . .

The data 00 will automatically enter into the
M blank address.
ROM

Note 2)

) Case when data is input by skipping intermediate address

The address of the address size of the data
Datal recorder is counted in increments of 1 byte of
“ the data, compared with the next address of
(I)”:r:lttrs) the data recorder and checked whether or not
] it is sequential. The data 00 automatically en-
Data 11 ters by hexadecimal notation into the ROM

ROM code of the skipped address. Therefore, the
writing of data as in the following drawingis also
possible. In this case, perform entry into the
“ROM Specification Identification Sheet’’ that
the ROM head address enters from O address
for data | and from which address it enters for
data ll,

) Case when the data is less than the full capacity of ROM

Note 3)

In case the data volume is less than the total
Data byte capacity of ROM LS| when the end of file
recorder appears, it becomes written as the
2 ROM code as shown in the following draw-
Blank in
) enters) 9.

xample) Indicates the example of the paper tape when the
data recorder is S1141920B6FC ...

Sometimes X is used besides P and N in the display
of the word content by the BNPF slice.

X means that the user is not concerned whether
the bit is P or N. However, since it is necessary to
decide the P or N for performing tests, Hitachi
performs selection of P or N. The results are informed
by making entry in the identification table.

The contents of the BNPF slice are not only those
with the continuation of PN and the form of B*nF
can also be used. This means that the content of
the slice existing just prior to this word will be
repeated for n words from this word.

For example, when B*4F exists at the 10th word,
it means that the content of the 9th word will
be repeated in the 10th, 11th, 12th and 13th words.
(However, it does not necessarily follow that the X
content of Note 1 above will be repeated.) n shall
start from 1 and be a number below the total ad-
dresses of ROM.

When a certain block is not used (when an unused
ROM address exists), disposition can be made by
utilizing Notes 1 and 2.

000 OO o
o O 00000 o O
00 000000
000000000000000000000000000000000000000000000O0O00000O0O0 OO,
[o]
00000000 O 00000
0000000 O 00000
o [efe]e]
0000 O 00000 O
s 1 1 2 B F F 4 4

! BNPF Mode

2.1 One word is symbolized by the word start mark B,
» bit content represented by 8 characters of P and N, and
¥ BNPF slice composed of successive 10 characters of the
wrk end mark F.

2.2 The contents from F of one BNPF slice up to B of the
xt BNPF slice are ignored.

0000000000000

000000000000 O0O0O OO
0000
0000000000

xample) The code of OF by hexadecimal notation is sym-
bolized as shown below (in case of paper tape)
2.3 It is necessary to designate the bit pattern (BNPF
:e) on all ROM addresses. Therefore, the term of the ROM
ad address of “ROM Specification Identification Sheet”
vays becomes 0.
............. Indicates start of 1 word.
Indicates ““0” of 1 bit data.
Indicates ““1” of 1 bit data.
Indicates end or 1 word.

GO HITACHI
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Mask ROM Development Flowchart
Customer Hitachi
N ROM CODE ‘“Customer part
number’’ Chip
select and other
[ information
Select either

of the two

ROM Specifi-
cation Identifi-
cation Sheet

Check the
ROM Specification
Identification Sheet,
ROM Code,

NO

Custom List

(Acceptance)

Computer
processing

Output with
the same as input

|

Mask preparation
instruction

Mask preparation

responsibility

OK
Check
NO
Contacting
of results
nvestigation
Client's of cause Hitachi's 1
responsibility -

Investigation

Reporting
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1 SYMBOLS AND TERMS FOR IC MEMORIES

Terminal Names

Bipolar ) MOS Memory
Terms HM2100 | HM2500 ROM Static Dynamic | Support
Series Series RAM RAM Circuits
Vee Vee Vee Vee Vee Vee
Voo Voo
Supply Voltage Terminal Ves
Vss Vss
VEE
Address Input (Input) Terminal Ao~As Ao~As Ao~A1, Ag~Aj o Ao~Ae A, B
Data Input Terminal Din Din Din Din Din
Input/Output Terminal 1/0
Chip Enable Input Terminal CE
Chip Select Input Terminal CS CS Cs CS
Write Enable Input Terminal WE WE WE WE
Row Address Strobe Terminal RAS
Column Address Strobe Terminal CAS
Program Input Terminal Program
Data Output (Output) Terminal Dout Dout Dout Dout Dout Y, X
Ground Terminal GND GND GND GND
Nonconnection NC NC NC
Absolute Maximum Ratings
Bipolar MOS M y
Terms HM2100 HM2500 ROM Static Dynamic S?lppo.rt
Series Series RAM RAM Circuits
Vee Vee Vee Vee Vee Vee
Voo Voo
Supply Voltage
Vee
Vss Vss
Ferminal Voltage Vr
nput Voltage Vi Vin Vin Vin Vin Vin
Jutput Voltage Vour Vour Vour Vour
nput Current L I
Jutput Current Lo Lout
.oad Capacitance C.
>ower Dissipation Pr Pr Pr
Jperating Temperature Top- Tope Top- Topr Tesr Topr
Storage Temperature Tees Tets Tus Teee Tete T
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3. DC Characteristics

Bipolar MOS Memory
Terms HM2100 | HM2500 ROM Static | Dynamic (S;}'w?_"
Series Series RAM RAM ircuits
Input Logic 1 Voltage Viu Vin Viu Viu Viu Vin
Input Logic 0 Voltage Vie ViL Vio Vio Vie ViL
Input Logic 1 Threshold Voltage Vine Vine
Input Logic 0 Threshold Voltage Vie Vite
Output Logic 1 Voltage Vou Von Von Vor Vou Vor
Output Logic 0 Voltage Vo Vo Vo Vo Vou Vo
Output Logic 1 Threshold Voltage Vonc
Output Logic 0 Threshold Voltage Vorc
Input Logic 1 Current In ) (T Lin In
Input Logic 0 Current I I In
Input Current I I
Input Leakage Current Iu Iu Iu
Input Logic 0 Threshold Current Lic
Output Logic 1 Current Ion
Io Io Iio
Output Leakage Current :
ICEX
Output Leakage Current (at High Impedance) Irox
Output Short-circuit Current Ios
Input Clamp Voltage Vi
4. AC Characteristics
4.1 Recommended Operating Condition
Bipolar MOS Memory
Terms HM2100 | HM2500 | o Static | Dynamic gf“"w."
Series Series RAM RAM ircuits
Time Between Refresh trer
Address Setup Time tas
Address Hold Time tan
CE Off-to-Output High Impedance State ter
Chip Enable Off Time tss
Chip Enable Transition Time tr

28
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2 Read Mode/Cycle

Bipolar

MOsS Memory
Terms HM2100 | HM2500 | oo Static | Dynamic (S:?“’p"."
Series Series RAM RAM ireuits
Read Cycle Time tre tre tre
Address Access Time tan tas tacc ta tacc
Chip Select Access Time tacs tacs tacs
Chip Select Recovery Time tres tres
Chip Select Delay Time tes
Output Deselect Time too
Chip Enable On Time tce tce
Previous Read Data Valid ton ton
Chip Enable to Output Time tco tco
WE Setup Time twe
WE Hold Time twe
.3 Write Mode/Write Cycle/Read Modify Write Cycle
Bipolar -MOS M y
Terms HM2100 | HM2500 ROM® Static Dynamic ngppoyt
Series Series RAM RAM ircuits
Write Cycle Time twe twe
Read/Write Cycle Time tRwe
Read Modify Write Cycle Time twp
Write (Read/Write) Pulse Width tw tw tew tw tw
Data Setup Time twsp twsp tos tow tow
Data Hold Time twip twnp ton ton ton
Address Setup Time twsa twsa tas taw
Address Hold Time twia twia tan
Chip Select Setup Time twscs twscs tcss
Chip Select Hold Time twrcs twics tcs
Write Disable Time tws tws
Write (Read/Write) Recovery Time twr twr twr
Output Disable Delay Time tor
Program-to-Read Delay Time torr
Write-to-Chip Select Delay Time twes
Chip Select Pulse Width tes
Write Setup Time tosw
Chip Enable On Time tce
Write Reset Time tew twrs
Write Hold Time twr
Write Delay Time twp

* Program Operation

GO HITACHI
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4.4 Switching Characteristics

Bipolar MOS M y
Terms HM2100 HM2500 ROM Static Dynamic sf‘PP"_"
Series Series RAM RAM Circuits
Rise Time t, trn
Fall Time ty triL
Delay Time /Rising, toLn
Delay Time ( Falling, ton
4.5 Capacitances
Bipolar MOS Memory
Terms HM2100 | HM2500 ROM Static | Dynamic (S:?PP?"
Series Series RAM RAM ireuits
Input Capacitance Ca Ca Ca. Ca C.
Output Capacitance Cout Cout Cout Cout Cout
Address Capacitance Cao Cap
Chip Enable Capacitance Cee Cce
Chip Select Capacitance Cces
Write Enable Capacitance Cwe
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B TERMINOLOGY, SYMBOLS AND DEFINITION BASED ON
JEDEC STANDARD FOR SEMICONDUCTOR MEMORY

DATA SHEET

The definition of this standard for memory data sheet was
sstablished by JEDEC. The use of this is recommended by
JEDEC for any new devices.

n this data book, the hitherto used definitions and JEDEC
Jefinitions are given of 16K RAM (HM4716A Series).

A summary description of JEDEC Standard is discussed below.

:LECTRICAL PARAMETER ABBREVIATIONS
All abbreviations use upper case letters with no subscripts. The
nitial symbol is one of these four characters:

V (Voltage)
| (Current)
P (Power)
C (Capacitance)

The second letter specifies input (1) or output (0O), and the
third letter indicates the high (H), low (L) or off (Z) state of
the pin during measurement. Examples:

VOH = Output high voltage
1L = Input low current
10Z = Output off current ( leakage)

TIMING PARAMETER ABBREVIATIONS

All timing abbreviations use upper case characters with no
ubscriptors. The initial character is always T and is followed by
four descriptors. These characters specify two signal points
irranged in a ‘from-to’ sequence that define a timing interval.
The two descriptors for each signal point specify the signal
'ame and the signal transitions. Thus the format is:

TXXXX

signal name from which interval is defined —T

transition direction for first signal
signal name to which interval is defined

transition direction for second signal
xample:

ENABLE

TAVEL

ADDRESS

“he drawing shows the address setup time defined as TAVEL,
\ddress Valid to Enable Low time.

The signal definitions used in this data sheet are:

A = Address
D =Datain
Q =Data Out

W = Write Enable

RE = Row Address Strobe
CE = Column Address Strobe
S = Chip Select

The transition definitions used in this data sheet are:
= transition to high
= transition to low
transition to valid
transition to invalid or don’t care
transition to off (high impedance)

i [l

NX<rxT
1

n

TIMING LIMITS

The table of timing values shows either a minimum or a
maximum limit for each parameter. Input requirements are
specified from the external system point of view. Thus,
address setup time is shown as a minimum since the system
must supply at least that much time (even though most devices
do not require it). On the other hand, responses from the
memory are specified from the device point of view. Thus, the
access time is shown as a maximum since the device never
provides data later than that time.

WAVEFORMS

WAVEFORM
SYMBOL.

INPUT ouTPUT

MUST BE WILIL. RE
VALID VALID

WILI. CHANGE
FROMH TO L.

CHANGE
FROMH TO [
CHANGE
FROMLL.TOH

WILL CHANGE

FROM L. TOH
DONT CARE: CHANGING :
M ANY CHANGE  STATE
PERMITTED UNKNOWM
HIGH
IMPEDANCE
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HM472114A-1,HM472114A-2,
HM472114AP-1,HM472114AP-2

1024-word X4-bit Static Random Access Memory

® FastAccessTime .. ...........uuuuunnn HM472114A-1 150ns (max.) HM472114A-1, HM472114A-2
HM472114A-2 200ns (max.)
® Low OperatingPower . . ........................... 200mW (typ.)
® Single +5V Supply
® Completely StaticMemory . . ............. No Clock or Refresh Required
® Fully TTLCompatible. . ... .................. All Inputs and Output
® Common Data Input and Output Using Three-state Outputs
® N-channel Si Gate MOS Technology
® Pin Equivalent with Intel 2114L Series
m BLOCK DIAGRAM
Avo— 5 ] .
A o—PE 1 Row Me Vee be8)
5 — MOT
A y - o GND HM472114AP-1, HM472114AP-2
¢ O———D(,: Matrix
Ajo—— D6
A: S — Decoder [ 64 x 64
Ajo— 6]
1/0 o.____jB_ — Column /O
! Input ’:
1/0,0 B Column Decoder
/0, o "_l/[\ Data
1/0,0 ) & (DP-18)
Control _&
A, A, A, A,
| ! = PIN ARRANGEMENT
& u |\
Cs ‘ & A, E E] Vcc
Wi A,E EA,
A[3] 16]A,
A,[4] 15]A,
A [ o,
= ABSOLUTE MAXIMUM RATINGS A
Item Symbol Value Unit ! E E 1o,
Terminal Voltage* Vr —0.5to +7 v A,E EIIO3
Power Dissipation Pr 1.0 \4 s
CS| 8 11{I/0
Operating Temperature Topr. 0 to +70 °C E 21_/—‘
Storage Temperature (Ceramic) Tytg —65 to +150 °C GNDE E WE
Storage Temperature (Plastic) Tstg —55to +125 °c (Top View)

*In respect to GND.

u RECOMMENDED OPERATING CONDITIONS

Item Symbol min. typ. max. Unit
Supply Voltage Vee 4.5 5.0 5.5 \"
Vi —0.5 - 0.8 \%

Input Voltage
Vin 2.0 — Vee+1.0 v
Operating Temperature Topr 0 — 70 °C
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HM472114A-1,HM472114A-2,HM472114AP-1,HM472114AP-2

m DC AND OPERATING ELECTRICAL CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70C)

Item Symbol Test Condition min. typ. max. Unit
Input Leakage Current Iu Via=0~5.5V — — 10 KA
1/0 Leakage Current | Iio | CS=2.0V, Vi,0=0.4V~Vcc - - 10 MA
Supply Current Icc Via=5.5V, I;,0=0mA — 35 60 mA
Vi —0.5 — 0.8 v
Input Voltage Vin 2.0 — |Veet1.0 v
VoL Tor=2.1mA — — 0.4 A\
Output Voltage Vou Ton=—0.6mA (Vcc=4.5V) 2.4 — — v
Ton=—1.0mA(Vcc=4.75V) 2.4 — —
Note) *:in respect to HM472114A-2. This value of HM472114A-1 is 70mA.
u CAPACITANCE (Ta=25C, f=1MHz)
Item Symbol Test Condition min. typ. max. Unit
Input Capacitance Cin V=0V — 3 5 pF
I/0 Capacitance Cio Vieo=0V — 5 7 pF
®m AC ELECTRICAL CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70C)
® AC TEST CONDITIONS
Input PulseLevels . ............ .00, 0.8V to 2.4V
Input Riseand Fall Times . . ......... ... ... i, 10ns
Input and Output Timing Levels .. .......................... 1.5V
Outputload ........... ... 1 TTL Gateand C | = 100pF
e READ CYCLE
HMA472114A-1 HMA472114A-2
Item Symbol - - Unit
min. max., min. max.
Read Cycle Time tre 150 — 200 — ns
Access Time ta — 150 — 200 ns
CS to Output Valid tco — 70 — 70 ns
CS to Output Active tex 10 — 10 — ns
Output 3-state from Deselection toro — 60 — 60 ns
Output Hold from Address Change tona 20 — 50 — ns

) tRC(TC(A)
Address k ><
7 NOTE: 1) torp defines the time at
— / which the outputs achieve the open cir-
cs \ / cuit condition and is not referenced to
output voltage levels.
tco toTD *1
(TSLDQV) gTSHDQZ)
tex OHA
TSLDQX (TAXDQX)
@& O
ta(TA(A))
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HM472114A-1,HM472114A-2,HM472114AP-1,HM472114AP-2

® WRITE CYCLE

HM472114A-1 HM472114A-2
Item Symbol - - Unit
min. max. min, max.
Write Cycle Time twe 150 — 200 — ns
Address to Write Setup Time taw 20 . 20 — ns
Write Pulse Width tw 120 — 120 — ns
Write Release Time twr 0 — 0 — ns
Output 3-state from Write torw — 60 — 60 ns
Data to Write Time Overlap tow 70 — 120 — ns
Data Hold from Write Time ton 0 — 0 — ns
twc(TC(A))
Address >< )i
twr |(TH(A)) *3
taw*2
(TS(A)) tw(TW(W))*1
torw*6
(TWLDQZ)
Dout \ /
Ipw !IDH
*5 *4 (TS(DQ)) (TH(DQ)) *$
\, EaN \
Din /\\ // ’ \\1’/ S
s/ /7 i

NOTE:
1) A Write occurs during the overlap of a low CS and a

2)
3)

4

36

low WE (ty).

taw is measured from the address setting to the latter

of CSor WE going low.

twR is measured from the earlier of CSor WE going

high to the end of the write cycle.

During this period 1/O pins are in the output state, sO
that the input signals of opposite phase to the outputs
must not be applied to them.

@ HITACHI

5) If TS is low during this period, 1/O pins are in the out-
put state. Then the input signals of opposite phase to
the outputs must not be applied to them.

6) toTw defines the time at which the outputs achieve
the open circuit condition and is not referenced to
output voltage levels.



Access Time (Normalized)

Access Time (Normalized)

Output Source Current lox (mA)

0.8

0.7

HM472114A-1,HM472114A-2, HM472114AP-1, HM472114AP-2

ACCESS TIME vs. SUPPLY VOLTAGE

)
8
g
\ - é
]
2
S
<
Ta=70"C
4.0 4.4 4.8 5.2 5.6 6.0
Supply Voltage Vec (V)
ACCESS TIME
vs. OUTPUT LOAD CAPACITANCE

/

-

o

Q

N

s

£

o s

Z.

&

P

I~}

[

=}

=

O

2

Vee=4.5V &

Ta=25C a
100 200 300 400 500

Output Load Capacitance C. (pF)

OUTPUT SOURCE CURRENT
vs. OUTPUT VOLTAGE

Vee=4.5V
Ta=70C

Output Sink Current /o (mA)

0 1

2 3 4 5

Output Voltage Vou (V)

G HITACHI

ACCESS TIME vs. AMBIENT TEMPERATURE

0.9

0.8 Vec=4.5V

0.7

-20 0 20 40 60 80
Ambient Temperature 7a (C)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

N

N

0.8 Vec=5.5V

0.7
-20 0 20 40 60 80

Ambient Temperature T. (C)

OUTPUT SINK CURRENT
vs. OUTPUT VOLTAGE
6

/

Vee=4.5V
Ta=70"C

0 0.1 0.2 03 0.4 0.5
Output Voltage Voo (V)
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HM472114-3,HM472114-4,
HM472114P-3,HM472114P-4

1024-word X 4-bit Static Random Access Memory

® Fast Access Time - ....oovenninnnannnn HM472114-3 300ns (max.) HMA472114-3, HM472114-4
HM472114-4 450ns (max.)

® Low Operating Power .................. 200mW (typ)

® Single +5V Supply Voltage

® Completely Static Memory .............. No Clock or Refresh Required

® Directly TTL Compatible ............... All Inputs and Outputs
® Common Data Inputs and Output

® Three-state Outputs

® DC Standby Mode  « - ce e Reduces Voo

® Nchannel Si Gate MOS Technology

® |nterchangeable with Intel 2114L Series

s BLOCK DIAGRAM (DG-18)
o e HM472114P-3, HM472114P-4
Ao— g1 —-——0 Ve
ho———PET B [ | Memry Marix -0 G\
PSS Decoder sax1
TP S — B
| I
/01 O > —
;{ = Column 170
/0e 0 :ﬁ o Colunn Decoder
/0 0 > Gomred
7 %%%%% (DP-18)
170, o
T A Ae A A As
= PIN ARRANGEMENT
O ol
#o—=— sz 17 ] a0
s ABSOLUTE MAXIMUM RATINGS A‘E EA-
Item Symbol Value Unit E"
Al s
Terminal Voltage Vr —0.3 to +7 A" [:
Power Dissipation Pr 1.0 w AnE EI/O:
Operating Temperature Topr 0 to +70 T Al E 13 | 1/02
Storage Temperature (Ceramic) Tore —65 to +150 T A'E Z]Vo’
Storage Temperature (Plastic) Tu —55 to +125 T Egl—: E] 0
8 /04
= RECOMMENDED DC OPERATING CONDITIONS o] o v
Item Symbol min. typ. max. Unit (Top View)
Supply Voltage Vee 4.5 5.0 5.5 \'
Input Voltage Vie —0.3 — 0.8 v
Viu 2.0 - Vee+1.0 A"
Operating Temperature " T 0 - 70 T
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HM472114-3,HM472114-4,HM472114P-3,HM472114P-4

= DC AND OPERATING ELECTRICAL CHARACTERISTICS (Vec=5V+10%, Ta=0~+70T)

Item Symbol Test Condition min. typ. max. Unit

Input Leakage Current I Va=0~5.5V - - 10 MA

" 1/0 Leakage Current | Lol CS=2.0V, Vi o=0.4~Vec — — 10 wA

Supply Current Icc Via=5.5V, I, o=0mA — 35 60 mA

Input Voltage Viu 05 — 0.8 v

Vin 2.0 — Vee+1.0 A%

Vo Ior=2.1mA — — 0.4 \%

Output Voltage Vou Ion= —0.6mA, Vcc = 4.5V 2.4 — — v
Iov= —1.0mA, Voc=4.75V 2.4 — —

8 CAPACITANCE (Ta=25C, f=1MHz)

Item Symbol Test Condition min. typ. max Unit
Input Capacitance Cin V=0V — 3 ) 5 pF
1/0 Capacitance Cro Vi, o=0V — 5 10 pF

E AC ELECTRICAL CHARACTERISTICS (Vcc=5V+10%,Ta=0 to +70°C)
® AC TEST CONDITIONS

Input High Levels -« v it i e e e e e 2.0V

Input Low Levels - -« oot e 0.8V

Input Riseand Fall Times « - =« +cvvverennmnnnnneenn. 10ns

Input and Output Timing Levels -« ccoveeeevnonen 1.5V

DULPUL LOBA  + vt vvmvmventeen 1 TTL + C_=100pF

eREAD CYCLE

HM472114-3, HM472114P-3 HM472114-4, HM472114P-4 .
Item Symbol - - Unit
min. max. min. max.

Read Cycle Time tre 300 - 450 - ns
Access Time ta — 300 — 450 ns
Eg-to-Output Valid tco — 100 — 120 ns
C_S-to—Output Active tex 20 - 20 — ns
Output 3-state from Deselection iorp - 80 - 100 ns
Output Hold from Address Change tosa 50 — 50 — ns

R X

= DWW Y,

tor |

tex fo— tOHA —

(e
- AN
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HM472114-3,HM472114-4, HM472114P-3,HM472114P-4

= WRITE CYCLE

HM472114-3, HM472114P-3 HM472114-4, HM472114P-4 .

ftem Symbol min. max. min. max. Unit

Write Cycle Time twe 300 — 450 — ns
Address to Write Setup Time taw 20 - 50 - ns
Write Pulse Width tw 150 - 200 —_— ns
Write Release Time twr 0 — 0 - ns
Output 3-state from Write torw - 80 - 100 ns
Data-to-Write Time Overlap tow 150 - 200 — ns
Data Hold from Write Time ton 0 — 0 — ns

twe
Address >< ><
#*3)
twe
° \\\\X \\ \\ ////// // //// //
*2) 1)
fo—1 tw
- \ /
to— LOTH —o{
}\\\\\\\\\ N
[l
*5)
*s5) *4)
’ 7 SN N I,
o J\\ ¥ N/ \\ / \\_" NSNS
A /] \\_,'/ \ J ‘\// \\34/ NN
Notes: 1) TS and WE are paced in the WRITE state during low level
period (ty,).
2t AW is an interval from the address setting through fall of
the pulse, CS or WE.
3) ty is from the earlier rise pulse of CS or WE till the end of
the light cycle (tyc).
4) During this period the pulse is output so that the input
signal which is the same in phase with the output may be
applied to the 1/O terminal. .
5) During this period, when the CS signal is at low level, the

40

pulse is output so that the input signal which is the same in
phase with the output data may be applied, if required. Do
not however apply the input signal of reverse phase.
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HM4334P-3, HM4334P-4

1024-word X 4-bit Static CMOS RAM

u FEATURES
Single 5V Supply

® Low Power Standby and Low Power Operation; Standby: 10uW (typ.)
Operation: 20mW (typ.)

® Fast Access Time; HM4334P-3: 300 ns (max.)
HM4334P-4: 450 ns (max.)

® Directly TTL Compatible: All inputs and outputs

® Common Data input and Output using Three-state Outputs

® On Chip Address Register

= BLOCK DIAGRAM

n6[ 1]
As[2]
Aa[3]

A3[4]

Ao[5]

a1[6]

A4 00—
A5 O—
]
A6O Latched | Memqry
o Address \ Row Matrix
A7 Register ' Decoder — 64 x 64
A8O—H !
A9 O—
1/10 ¥ T
1 L1 ﬁ
1/0
2 | Control Column Decoder
dl
4 p——
il | =
1 Latched
: Address
Ii Register

A2[7]
ce[s]

GND([9]

— Clock Clock
NE© Gen, Gen.

A0 A1 A2 A3

falo—

= ABSOLUTE MAXIMUM RATINGS

(DP-18)
-———o Vee = PIN ARRANGEMENT
-——O0 GND \_J

EVCC
17]A7
16]a8
15]A9
14]1/01
13]1/02
[12]1/03
[11]1/04
[10] We

(Top View)

ftem Symbol Rating Unit
Voltage On Any Pin * Vr —0.3 to Vcc +0.5 \
Power Supply Voltage * Vee —0.3 to +7.0 \
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °c
Storage Temperature Tstg —55t0 +125 °c

* relative to GND

@ HITACHI
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HM4334P-3, HM4334P-4

» RECOMMENDED DC OPERATING CONDITIONS

(Ta=0to +70°C)

HM4334P-3 HMA4334P-4
Item Symbol - " Unit
min. typ. max min. typ. max.
Vee 4.75 5.0 5.25 4.5 5.0 5.5 v
Supply Voltage GND 0 0 0 0 0 0 v
VIH 24 — Vecc +0.5 2.4 — Vce +0.5 \%
Input Voltage P T
ViL -0.3 - 0.8 -0.3 - 0.8 \
= DC AND OPERATING CHARACTERISTICS
(Ta = 0t0 +70°C, GND = 0V, HM4334P-3: Ve = 5V +5%, HM4334P-4: Ve = 5V £10%)
Item Symbol Test Condition min typ. max Unit
Input Leakage Current Iny ViN=0toVee -1.0 - +1.0 uA
aﬁ)ut Leakage Current ILo CE= VIH, Vout =0to Ve -1.0 - +1.0 rA
Operating Power Supply Current Lfele EE =0V. Vin = Vee, lyo= 0 - — 1.0 mA
Icc2 CE=0.8V, ViIN=24V,I1j0=0 — 2.5 5.0 mA
Average Operating Current Icc3 ViN =0or V¢, f = 1MHz, duty 50%, /170 = 0 - 4 7 mA
Standby Power Supply Current IccL | CE2 vee~0.2V - 2 100 uA
Output Voltage VoL |loL = 2'666 - - 0.4 v
VoH IoH = —1.0mA 2.4 - - \%
® CAPACITANCE (7 = 25°C, f = 1MHz)
Item Symbol Test Condition min typ. max. Unit
1/O Terminal Capacitance Cr/o Viyo = 0V - 7 10 pF
Input Capacitance Cin Vin=0V - 3 5 pF
m AC CHARACTERISTICS (7a=01t0+70°C, GND = 0V, HM4334P-3: V¢ = 5V 5%, HM4334P-4: Ve = 5V +10%)
HM4334P-3 HM4334P-4 ]
Item Symbol - - Unit
min typ. max min. typ. max.
Read or Write Cycle Time * TELEL tc 460 - - 640 — - ns
Chip Enable Access Time TELQV | fac - - 300 - - 450 ns
Chip Enable to Output Active TELQX tex 50 - - 50 - - ns
Output 3-state from Deselection TEHQZ tOFF1 - — 100 - - 100 ns
Write Enable Output Disable Time TWLQZ | f0FF2 - - 100 - - 100 ns
Chip Enable Pulse Width ** TELEH | fcE 300 - - 450 - - ns
Chip Enable Precharge Time TEHEL tp 120 — - 150 — - ns
“Address Hold Time TELAX | fam 100 - - 100 - - ns
Address Setup Time TAVEL fas 20 - - 20 — - ns
Read Setup Time TWHEL RS 0 - - 0 - - ns
Read Hold Time TEHWL IRH 0 - - 0 - - ns
Write Enable Setup Time TWLEL tws -20 - - —-20 - - ns
WE to CE Precharge Lead Time TWLEH | fwpL 300 - - 450 - ~ ns
Chip Enable to Write Enable Delay Time | TELWL tcwp 300 - - 450 - - ns
Write Enable Hold Time TEHWH | 'EwH 0 — — 0 - - ns
Write Hold Time TELWH | 'wi 300 — - 450 - - ns
Data Input Setup Time ToveH | tps 200 - - 350 - - ns
Data Hold Time :Pév:g)? 'DH 0 - - 0 - - ns‘ B
Write Data Delay Time TWLDV twbDs 100 - - 100 - - ns
Chip Enable Rise/Fall Time TT tr — - 300 - - 300 ns

* TELEL (fc) = TELEH (fCE)+ TEHEL (fp) + Ir (20ns) + If {20ns)
** For Read Modify Write Cycle, TELEH (fcg) = TELWL (fcwp) + TWLEH (fwpL) + f (20ns)

42
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HM4334P-3, HM4334P-4

AC TEST CONDITIONS

Inputlevel .................... 2.4V, 08V

Input Rise and Fall Time ........... 20 ns

Timing Measurement Level . . ... ... .. 2.4V, 08V

Reference Level ................. Von =2.0V, Vg =0.8V
Outputload ................... 1TTLand C_ = 100 pF

® READ CYCLE

/\/\
A, ~ A, W VALID ADD. /<></<><>\/\ NEXT ADD.
TELAX (fAH)
TELEL (t¢)
TAVEL .
(tas) TELEH (fcE) | | TEHEL (tp)
-
« \ TN\
N
TWHEL
(IRs)
TEHWL (tRH)
WE i i / TELQV (tac) \\\\
TELOX (fex) TEHQZ (forr1)
HIGH-Z ;‘,\\ \/\ ™ HIGH-Z
VALID DATA OUTPUT
Vo L VAVAVA
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HM4334P-3, HM4334P-4

e WRITE CYCLE

Ao~ A VALID ADD.

TAVEL
(fas) TELEH (cE) TEHEL (tp)

\ /N

TELAX (taH)

TELEL (t¢c)

TWLEL
(tws) TELWH (twr)

/1]

TDVWH TWHDX
TDVEH (fps) TEHDX (tpH)

1o HIGH Z Vi X HiGHZ
! \ VALID DATA INPUT :
7

7
=
AN

NOTE: !psand !DH are measured from the earlier of CE or WE going high.
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HM4334P-3, HM4334P-4

READ MODIFY WRITE CYCLE

4 N
w ~ A, VALID ADD. X
-

TELAX (taH)

TELEL (f¢)

TAVEL

(as) TELEH (tcE) TEHEL (tp)

— r N
TE \ /
\ 7
TWHEL
(’rs) TELWL (fcwD) | TWLEH (fwpL)

TEHWH ((EWH)

" / /f TELQV (tac) S Vi // /l

TWLDV (twDs)
TELQX (fcx)
TWLQZ TDVEH
(foFF2) (tDs) TEHDX (!DH)
s
HIGH-Z HIGH.2
1/0 {m DATA OUT INPUT DATA
HIGH-Z

CURRENT WAVEFORM

CE

30

'c(mA) 201
10+
04

[NOTE) Vcce =5.0V, Tqa = 25°C
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HM4334P-3, HM4334P-4

m LOW Vcc DATA RETENTION CHARACTERISTICS (72 = 0 to +70°C)

Item Symbol Test Condition min. typ. max. Unit
Vcc for Data Retention VDR CE 2 Vcc —0.2v 2.0 - - \Y
Data Retention Power Supply Current IccDR VDR = 3.0V - 0.5 50 uA
Chip Deselection to Data Retention Time IcDR 0 - - ns
Operation Recovery Time tp trc* — — ns

* fRc = Read Cycle Time

® LOW Vcc DATA RETENTION TIMING

DATA RETENTION MODE

Vee

46

CE 2 Vcc —0.2V
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Access Time (Normalized)

Iccs (mA)

Average Supply Current

Input Voltage (v)

ACCESS TIME vs. SUPPLY VOLTAGE

Ta=70C
14
N
10
\\
08}
0.6
04 4.0 5.0 6.0
Supply Voltage vcc (v)
AVERAGE SUPPLY CURRENT
vs. SUPPLY VOLTAGE
12
Ta=25C
10
8
6
//
4 —
2
0 10 50 6.0
Supply Voltage vcc (V)
INPUT VOLTAGE
vs. SUPPLY VOLTAGE
25
Ta=25C Vin(min)
20 -
L —]
//
15 Vie( ﬂ/X)———
//
10
05 10 5.0 6.0

Supply Voltage Vec (V)

ACCESS TIME vs. AMBIENT TEMPERATURE

Vee=4.5V

Access Time (Normalized)

06

04
—20

AVERAGE SUPPLY CURRENT

0 20 40 60 80
Ambient Temperature Ta ('C)

vs. AMBIENT TEMPERATURE

100

Vee=5V

Average Supply Current. Icc; (mA)

0
—20

0 20 40 60 80
Ambient Temperature Te (C)

INPUT VOLTAGE

vs.

2.5

AMBIENT TEMPERATURE

100

20

Vee=5V

Viw(min)
\\

—

Vir(max)
\.\

10

Input Voltage (V)

05

=20

@ HITACHI

0 20 40 60 80
Ambient Temperature Te (C)

100

HM4334P-3, HM4334P-4
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HM6148P, HM6148P-6

1024-word X4-bit High Speed Static CMOS RAM

®» FEATURES

® Single 5 V Supply

® FastAccessTime . .........c.couuiuuenunennn HM6148P 70 ns (max)
HM6148P-6 85 ns (max)

Low Power Standby and Low Power Operation; Standby : 100 uW (typ)
Operation: 200 mW (typ)

Completely Static RAM; No Clock or Timing Strobe Required

No Peak Power-On Current

No Change of t4cg with Short Deselected Time

Equal Access and Cycle Times

Directly TTL Compatible; All Inputs and Outputs

Three State Output

Common Data Input and Qutput

Pin-Out Compatible with Intel 2148

= BLOCK DIAGRAM
Ao—P5 | —
Vv
A, O—Dg: Row —1 Memory e
Ajo—PE ] Matrix o o
A, 0——— g
7 Decoder [~ 64 x 64
Ajo——P§
N -
1/0, o N — Column I/O
! _% Input
1/0,0 VT Column Decoder
1/0, o N Data
e —
1/0, o— >
,_‘_’f Control —t
A, A, A, A, E]

s i

WE

= ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Terminal Voltage* Vr —0.5 to +7.0 v
Power Dissipation Pr 1.0 \
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tstg ~55to +125 °C
Storage Temperature** Tstg(bias) —10 to +85 °C

* In‘respect to GND.
** Under Bias

® TRUTH TABLE

(DP-18)
= PIN ARRANGEMENT
AsE ~ 18|V cc
w[ s,
A5 14]v/0,
A,E 13]1/0,
A,[7] 12]v/0,
cs[s] 11]y/0,
GND[9] [10] WE
(Top View)

CS WE Mode Vcc Current 1/0 Pin Reference Cycle
H X Not Selected IsB,IsB1 High Z

L H Read Icc Dout Read Cycle

L L Write Icc _Di_n Write Cycle
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HM6148P, HM6148P-6

! RECOMMENDED DC OPERATING CONDITIONS (7, =0 to +70°C)

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v

S ly Volt.
upply Voltage GND 0 0 0 v
ViH 2.4 3.5 6.0 \%

Input Volt
nput Voltage Vie 03 — 0.8 \

DC AND OPERATING CHARACTERISTICS (Vcc=5V +10%, GND=0V, T,=0 to +70°C)

Item Symbol Test Condition min typ* max Unit
Input Leakage Current I Irr! Vee=5.5V, Vin=GND to Vc¢ - - 2.0 uA
Output Leakage Current I Irol CS=Vin, Vi/0=GND to Vcc - - 2.0 HA
Operating Power Supply Current Icc CS=ViL, I1/0=0mA — 35 80 mA
I, CS=V, ini = = -
Average Operating Current cc1 C 1L, Minimum Cycle, Duty=100%, I1/0=0mA 40 80 mA
Icca** Cycle=150ns, Duty=50%, I1/0=0mA — 35 - mA
I, CS= —
Standby Power Supply Current SB j Vin 5 12 mA
Isp1 CS=Vee—0.2V, Vin £0.2V or Vin2 Vo —0.2V - 20 800 uA
Vi IoL= — — X
Output Voltage oL oL=8mA 04 v
VoH Iog=-3.2mA 2.4 — — \4
otes: *: Typical limits are at Vcc=5.0V, T¢=25°C and specified loading.
**: Reference only.
I CAPACITANCE (7,=25°C, f=1MHz)
Item Symbol Test Condition min max Unit
Input Capacitance Cin Vin=0V - 5 pF
Input/Output Capacitance Crjo Vio=0V - 12 pF
lote) This parameter is sampled and not 100% tested.
I AC CHARACTERISTICS (Voo =5V*10%, To=0 to +70°C, unless otherwise noted)
' AC TEST CONDITIONS
InputPulse Levels . . . ............... GND to 3.0V
Input Rise and Fall Times . ................. 10ns Vee
Input and Output Timing Reference Levels . ... ... 1.5V s100
Outputload ...................... See Figure 1
Dout = Includes scope
and jig
3300 capacitance,
Figure 1. Output Load
' READ CYCLE
HM6148P HM6148P-6 .
Parameter Symbol - - Unit
min max min max
Read Cycle Time tRC 70 - 85 - ns
Address Access Time tAA - 70 - 85 ns
Chip Select Access Time tacs - 70 - 85 ns
Output Hold from Address Change tOH S — S - ns
Chip Selection to Output in Low Z tLz 10 - 10 - ns
Chip Deselection to Output in High Z tHZ 0 40 0 40 ns
Chip Selection to Power Up Time tpU 0 - 0 - ns
Chip Deselection to Power Down Time tpD - 40 - 40 ns
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HM6148P, HM6148P-6

= WRITE CYCLE

Parameter Symbol - HM6148P - HM6148P-6 Unit
min max min max

Write Cycle Time twe 70 - 85 - ns
Chip Selection to End of Write tcw 50 - 60 - ns
Address Valid to End of Write tAW 65 - 80 - ns
Address Setup Time tAS 15 - 15 - ns
Write Pulse Width* fwp 50 - 60 - 1S

twpP2 65 — 80 - ns
Write Recovery Time IWR 5 - 5 - ns
Data Valid to End of Write tDw 30 - 35 - ns
Data Hold Time tDH 5 — 5 — ns
Write Enabled to Output in High Z twz 0 35 0 45 ns
Output Active from End of Write tow 0 - 0 - ns

Note) *:When the CS low transition occurs simultaneously with the WE low transition or after the WE transition, 1/0 pins remain in a high
impedance state. In this case twp1, in the other case twp2 (= twz + tDW).

e TIMING WAVEFORM OF READ CYCLE No.1!" (2]

Address >K

f—toH

previous

data valid Data valid

Data out

® TIMING WAVEFORM OF READ CYCLE N0.2!"1 3!

s Y S

High impedance
Data valid >"_‘

[=—trD:

Data out

Vee supply

current

Notes) 1. WE is high for Read Cycle. _
2. Device is continuously selected, CS=VrL.__
3. Address Valid prior to or coincident with CS transition low.
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HM6148P, HM6148P-6

TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE CONTROLLED)!"

. ' X

& N d 4

—— C] o
WE \\\ //
[0}

i_._—-taw-—- N e

s W2, fr——tow
High Imped
Dout 4 7; igh Impedance

AN /T

TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS CONTROLLED)!"

Address )Q >

AN

tWR-(3) - ————

s High Impedance
Dout

Notes)
1. CS and WE are paced in the WRITE state during low level period (rw).

. A write occurs during the overlap of a low CS and a low WE. (rwp)

. twR is measured from the earlier of CS or WE going high to the end
of write cycle.

. During this period, 1/O pins are in the output state so that the input
signals of opposite phase to the outputs must not be applied.

. If the TS low transition occurs simultaneously with the WE low
transition or after the WE transition, the output buffers remain in
a high impedance state.

6. If CS is low during this period, I/O pins are in the output state.
Then the data input signals of opposite phase to the outputs must
not be applied to them.

7. Dout is the same phase of write data of this write cycle.

o b WN
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HM6148LP, HM6148LP-6

1024-word X 4-bit High Speed Static CMIOS RAM
= FEATURES

® Single 5V Supply

® Fast AccessTime . .............counvuvn.n HM6148LP 70 ns (max)
HM6148LP-6 85 ns (max)

Low Power Standby and Low Power Operation; Standby : 10 uW (typ)
Operation: 200mW (typ)

Completely Static RAM; No Clock or Timing Strobe Required

No Peak Power-On Current

No Change of tacs with Short Deselected Time if

Equal Access and Cycle Times

Directly TTL Compatible; All Inputs and Qutputs

Three State Output

Common Data Input and Output

Capability of Battery Back Up Operation

(DP-18)

Pin-Out Compatible with Intel 2148
= PIN ARRANGEMENT

= BLOCK DIAGRAM
A, —F ] -—
o—A g1 Row Memory Matrix ce Ao E ~ (1] vee
[ Decoder 64 x 64 o GND x[] Z] A
o— 3 ] r[] [] as
o3 ] D me
A, o—5 ] NE mEs
Q "“E 4] Ao
Din Column 1/0 Dout |n.m[: 1] an
—kE 1 bin

?i THRRR: e
n Aol 1]

Ao/\/ All
= ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Terminal Voltage* Vr —0.5 to +7.0 A\
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tstg ~55to +125 °C
Storage Temperature** Tstg(bias) ~10 to +85 °C

* In respect to GND.
** Under Bias

= TRUTH TABLE

CS WE Mode Vcc Current 1/0 Pin Reference Cycle
H X Not Selected IsB,IsB1 High Z

L H Read Icc Dout Read Cycle

L L Write Icc Din Write Cycle
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RECOMMENDED DC OPERATING CONDITIONS (7, = 0 to +70°C)

HM6148LP, HM6148LP-6

Item Symbol [ min typ [ max } Unit
Vee | 4.5 5.0 | 5.5 ‘ v
Supply Volt ! ——
Upply Voltage GND 0 0 0 ! v
Vig 2.4 3.5 6.0 A%
Input Voltage
P & ViL 03 - 0.8 v
DC AND OPERATING CHARACTERISTICS (Vcc=5V £10%, GND =0V, T, =0 to +70°C)
Item Symbol Test Condition min typ* max Unit
Input Leakage Current iILri Vee=5.5V, Vin=GND to Vcc - - 2.0 nA
Output Leakage Current 1ILo! CS=Vim, Vi/0o=GND to Vcc - — 2.0 BA
Operating Power Supply Current Icc CS= Vi, I1/0=0mA — 35 80 mA
I CS = V7. Mini = = —
Average Operating Current ccL 1L, Minimum Cycle, Duty=100%, /1,0 = 0mA 40 80 mA
- B Icc2** Cycle =150ns, Duty = 50%, /1/0 = 0mA - 35 - mA
IsB CS=Vin - 5 12 mA
Standby Power Supply Current —_—
v Fo PPl Lurr Isp1 CS2Vcc—0.2V, VinS0.2V o1 Vi 2 Voc—0.2V - 1 100 HA
V. Ior = 8mA — — 04 | V
Output Voltage oL or_°m 1
VoH Iog=-3.2mA 24 - — | \'4
otes) *: Typical limits are at Voo =5.0V, Tq=25°C and specified loading.
**: Reference only.
CAPACITANCE (T, = 25°C, f=1MHz)
Item Symbol Test Condition min max Unit
Input Capacitance Cin Vin=0V - S pF
Input/Output Capacitance Cro Vijo=0V - 12 pF

rte) This parameter is sampled and not 100% tested.

AC CHARACTERISTICS (Vcc=5V £10%, T, =0 to +70°C, unless otherwise noted)

AC TEST CONDITIONS

InputPulse Levels. . . ............... GND to 3.0V Vee
Input Rise and Fall Times . ................. 10 ns
Input and Output Timing Reference Levels . . ... .. 1.5V § St
OutputLoad ...................... See Figure 1 Dot * Includes scope
and jig
3300 et capacitance.
Figure 1. Output Load
READ CYCLE
HM6148LP HM6148L P-6 ': )
Parameter Symbol - - Unit
min max min max
Read Cycle Time IRC 70 - 85 — 1 ns
Address Access Time taa | - L0 - 85 ns
Chip Select Access Time tacs - | 70 - 85 | ns
Jutput Hold from Address Change tOH S | - 5 - [ ns
Chip Selection to Output in Low Z Lz 10 - 10 - ns
Chip Deselection to Output in High Z tHZ 0 40 0 40 ns
Chip Selection to Power Up Time tPU 0 - 0 - ns
Chip Deselection to Power Down Time tpD - 40 - | 40 ns
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HM6148LP, HM6148LP-6

® WRITE CYCLE

HM6148LP HM6148LP-6 .
Parameter Symbol — " Unit
min max min max

Write Cycle Time | twe 70 - 85 - ns
Chip Selection to End of Write tew 50 - 60 - ns
Address Valid to End of Write tAW 65 - 80 - ns
Address Setup Time tAS 15 - 15 - ns
Write Pulse Width* (WPl 30 - 60 - ns
twp2 65 — 80 — ns

Write Recovery Time tWR 5 - 5 - ns
Data Valid to End of Write tDw 30 - 35 - ns
Data Hold Time tDH S - 5 — ns
Write Enabled to Output in High Z twz 0 35 0 45 ns
Output Active from End of Write tow 0 - 0 — ns

Note) *:When the CS low transition occurs simultaneously with the WE low transition or after the WE transition, 1/O pins remain in a high
impedance state. In this case fwp1, in the other case twp2 (= twz + tDW).

e TIMING WAVEFORM OF READ CYCLE NO.1!"1 2]

Address ‘><

previous

Data out data valid Data valid

® TIMING WAVEFORM OF READ CYCLE NO.2!1 2

|

fe-t 2

High impedance
Data out Data valid

ftp D

Vee supply

current

Notes) 1. WE is high for Read Cycle. .
2. Device is continuously selected, CS=Vyr.
3. Address Valid prior to or coincident with CS transition low.
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HM6148LP, HM6148LP-6

® TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE CONTROLLED) [V

LY
Address )’( )/
| w
S \L // 4
o
i wr
-———m—-—-l .
N
“ NN pd
N r—— :
Do <X> -/-—-::_: .—X
)
[ e —
Dous <L S High Impedance

® TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS CONTROLLED)!"

Address >< >‘(
65 \\ /| {
et R3] = ety
P
WE \\ //
| 5
>OOOOOOO<>OOOk XXX
15) High Impedance
Dout
Notes)

1. CS and WE are paced in the WRITE state during low level period (tw).

. A write occurs during the overlap of a low CS and a low WE. (twp)

. tWR is measured from the earlier of CS or WE going high to the end
of write cycle.

. During this period, 1/O pins are in the output state so that the input
signals of opposite phase to the outputs must not be applied.

. If the CS low transition occurs simultaneously with the WE low
transition or after the WE transition, the output buffers remain in
a high impedance state.

6. If is low during this period, |/O pins are in the output state.
Then the data input signals of opposite phase to the outputs must
not be applied to them.

7. Dout is the same phase of write data of this write cycle.

o B WN
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HM6148LP, HM6148LP-6

® LOW Vcc DATA RETENTION CHARACTERISTICS (7, =0 to +70°C)

Parameter Symbol Test Condition min typ max Unit
Vce for Data Retention VDR CS2Vee—0.2V, Vin2 Vec—0.2V or Vin 0.2V 2.0 - — \J
Data Retention Current Iccpr Vec=2.0V, cs2 1.8V, Vin=1.8V or Vin £0.2V - - 40 uA
ip Desels i
%r:lpe select to Data Retention {CDR See Retention Waveform 0 B - »
Operation Recovery Time tR trc* - - ns
* trc = Read Cycle Time

® LOW Vcc DATA RETENTION WAVEFORM

Data
maintenance mode

Vor22.0V

S2 Vor—0.2V
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AM4315P

1096-word X 1-bit Static Random Access Memory

LowPowerStandby . ............ ... .. ... . . ... ... ... 10uWtyp.
Low Power Operation . .. .............0.0''iiuuuunnno.. 20mW typ.
Data Retention . ............... ... ... ... .0iiiuiiiinmn. 2.0V
FastAccessTime . ................. . ... ... cc..... 450ns max
TTL/CMOS Compatible Input/Output
On Chip Address Register
Si Gate CMOS Technology
\, O—
\,0— Latched ] Memory Matrix —oVee
A,0— Address | Row Decoder 32 x 128 ~——0GND (DP-18)
A39— Register |
A, 0—]
‘ L I H = PIN ARRANGEMENT
Column Decoder A, E I E Vee
D Q
and Data I/O
a [ s,
1| R - N & .
¥ o—| Clock Gen.
v ock Gen . A, E EAs
Latched A, oE E A,
Address
A 6 13]1A
Register ! 'E :] !
E o— Clock Gen. |— Q[7 12]a,
[ i mf
As Ag A, AgA A A, GND| 9 EE
(Top View)
ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Supply Voltage* Vee —0.3 to +7.0 \Y%
Terminal Voltage* Vr —0.3 to Vect+0.3 \4
Power Dissipation Pr 1.0 W
Operating Temperature Topr 0 to +70 °C
Storage Temperature T —55 to +125 °C
with respect to GND
RECOMMENDED DC OPERATING CONDITION (7,=0 to +70°C)
Item Symbol min. typ. max. Unit
Supoly Vol Vee 4.5 5.0 5.5 A%
upply Voltage GND 0 0 0 v
I Vol Vi 2.4 — Vee+0.3 \%
t ,
nput Voltage Vi —0.3 — 0.8 v

@ HITACHI
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HM4315P
= DC AND OPERATING CHARACTERISTICS (72 =0 to +70°C, Vee=5V £10%)
Item Symbol Test Condition min typ. max. Unit
Input Leakage Current I Vin=0~Vcc —1.0 — 1.0 HA
Output Leakage Current I.o E=Vi, Vou=0~Vcc —1.0 — 1.0 KA
Operating Power Icc E=Vcc, Vin=Vcc or 0V, Output Open — — 1.0 mA
Supply Current Icc: E=2.4V, Viv=2.4V, Outp‘l{t Open — 2.5 5.0 mA
Iccs VinZ Vee —0.2V, f=1MHz, duty 50% — 4 10 mA
Average Power Supply Current
Iccs Vin=2.4V, f=1MHz, duty 50% — 6 15 mA
Standby Power Supply Current Icce E=0.2V — 2 100 MA
Vor Io.=2.0mA — — 0.4 \'
Output Voltage
Von Ion=—1.0mA 2.4 — — \%
® CAPACITANCE (Te=25C, f=1MHz)
Item Symbol Test Condition min typ. max. Unit
Input Capacitance Cn V=0V — 3 5 pF
Output Capacitance Cio Vio=0V — 7 10 pF
® LOW Vcc DATA RETENTION CHARACTERISTICS (7,=0 to +70°C)
Item Symbol Test Condition min. typ. max. Unit
Vce for Data Retention Vor E=0.2V 2.0 — — \
Data Retention Power Supply Current Iccor E=0.2V, Vor=2.0V - 0.5 50 HA
Chip Deselect to Data Retention Time tcor 0 — — ns
Operation Recovery Time tr tc* — — ns
* tc = Cycle Time
® LOW Vcc DATA RETENTION TIMING
| Data Retention Mode
4.0V ¥ 4.0V
Vee /
' VDR
CDR
IR
E
0.4V 0.4V

ov

NOTE: All inputs shall be kept below V cc+0.3V under any operat-
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! AC CHARACTERISTICS (Vcc=5V+10%,
® AC TEST CONDITIONS

Input High Level
Input Low Level
Input Rise and Fall Times

Timing Measurement Levels
Reference Level
Output Load

Ta=0 to +70C)

........ Von=2.0V, Vo_=0.8V

HM4315P

Item Symbol min. max. Unit
Read or Write Cycle Time TEHEH (ic) 640 — ns
Random Access Time TEHQV (tac) — 450 ns
Chip Enable Pulse Width TEHEL (tce) 450 — ns
Chip Enable Precharge Time TELEH (t») 150 — ns
Address Hold Time TEHAX (#4#) 200 — ns
Address Setup Time TAVEH (tas) 20 — ns
Output Buffer Turn-off Delay TELQZ (t.p) 0 100 ns
Write Enable Setup Time TEHWL (tws) —-20 — ns
Data Input Hold Time TWHDX (2os1) 60 — ns
Data Input Hold Time referenced to E TELDX (ton2) 40 — ns
Write Enable Pulse Width TWLWH (2ww) 120 — ns
Chip Enable to Write Enable Delay* TEHWL (tcwn) 350 — ns
W to E Precharge Lead Time TWLEL (2weL) 150 - ns
Data Input Setup Time TDVWH, TDVEL (t»s) 100 - ns
Write Enable Hold Time TEHWH (2wn) 300 — ns
Read Setup Time TWHEH (tzs) —_ ns
Read Hold Time TELWL (trn) — ns
Chip Enable Rise/Fall Time TT (tr) - 300 ns
® READ CYCLE
TEHEH (t¢o) ,
tp tr
TEHEL (t¢g) .I TELEH (:,,_)'
A
E
TEHAX (tap)
TAVEH (t45)
-
A m ADD VALID }<>O<><
A
TWHEH (tgs)—-l - —| P—TELWL
R
TEHQV (ta¢) TELQZ (toyp)
2 VALID DATA OUTPUT HIGHZ
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HM4315P

e EARLY WRITE CYCLE
TEHEL (tcg) TELEH

(tp)
r 3\

TEHAX (taH)

TAVEH(t45)

IL

XX
OO

TDVEL ——— TELDX(?pH2)
TDVWH(pg) TWHDX(tpH1)

v p
DATA VALID
~ 7

HIGH-Z

2

TEHWH( wH)

TWLEH(fwg)

5

Q

e READ MODIFY WRITE CYCLE AND READ WRITE CYCLE

TEHEL(tcE) TELEH(1p) |

7 TEHAX (tag)
TAVEH (t45)
\
A ADD VALID ><
W,
TWHEH (¢ Rs)“] TEHWL(tcwD) T(x;;%
TWLWH
c Z

TDVEL TDVWH TELDX (tpg2)
) TWHDX (tpgr;)

DATA VALID W
!

TEHQV (t4¢) . TELOZ (to77)

| E

.

HIGH-Z
Q VALID DATA OUTPUT

*For R-M-W Cycle (VALID DATA QUTPUT) tcwp 2 350 ns, tcp 2550 ns
For R-W Cycle (INVALID DATA OUTPUT) 20 ns<tcwp<350 ns, tcp 2450 ns
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CE
30
20

Icc(mA) 10

Notes: Vcc=5.0V, Ta=25°C
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HM4315P

ACCESS TIME

ACCESS TIME vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE
16 1
Vcc=4sll
_ 14 \ Ta=70"C G 14
3 \ 2 >
% 12 Té' 12 //
: g —
Z o / -
]
€ ~ 7 o
8 3
2 0 <
o4 40 590 6.0 ™ 0 20 40 60 80 100
Supply Voltage Vec (V) Ambient Temperature Ta (C)
AVERAGE SUPPLY CURRENT AVERAGE SUPPLY CURRENT
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE
12 12
:g . 25 g - Vec=5V
3 — S
> >
g T g
A 4 a — —
]
& 4 g’
:% 2 2 2
0 40 50 6.0 0—20 0 20 40 60 80 100
Supply Voltage Vee (V) Ambient Temperature Ta (C)
INPUT VOLTAGE INPUT VOLTAGE
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE
25 - 25
Ta=25'C Vee=5V
Vm(m‘n’)
20 — ] 20—
B— Via(min
f %/ g T &
¥ — ViL(max) 3
% 15 = -g 5
> N [ o (
,5 / ~ [ ——— Vie(max)
a ] T
g | T & —
10 Y
05 40 50 6.0 o-220 [] 20 40 60 80 100
Supply Voltage Vec (V) Ambient Temperature Te ('C)
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1M6147,HM6147-3,
i1iM6147P, HM6147P-3

1096-word X 1-bit High Speed Static CMOS RAM
FEATURES
Single 5V Supply and High Density 18 Pin Package
High Speed: Fast Access Time 55ns/70ns Max.
Low Power Standby and Low Power Operation, Standby: 100 uW
typ., Operation: 75mW typ.
Completely Static Memory — No Clock nor Timing Strobe Required
No Peak Power—On Current
No Change of tacg with Short Chip Deselect Time
Equal Access and Cycle Time
Directly TTL Compatible — All Input and Output
Separate Data Input and Output: Three State Output
Pin-out Compatible with Intel 2147 NMOS STATIC RAM

HM6147, HM6147-3

(DG-18)
BLOCK DIAGRAM HM6147P, HM6147P-3
0
Row Memory Matrix Vee
Decoder :> 64 x 64 -——o0 GND
‘5
I
IN Column 1/O Dout
Column Decoder
= DP-18
5 RISR )k (oP-16)
s PIN ARRANGEMENT
VE 66646 j} é A"‘j
Ag————A,, A, E
A,[3]
A,[4]
ABSOLUTE MAXIMUM RATINGS A
4
Item Symbol Rating Unit A E
Voltage on Any Pin relative to GND ViN -0.5 to +7.0 v D y
Power Dissipation Pr 1.0 w OET. E
Operating Temperature Topr 0 to +70 °C WE[3]
Storage Temperature (Ceramic) Tstg —65 to +150 °C GNDE
Storage Temperature (Plastic) Tstg —55 to +125 °C -
(Top View)
RECOMMENDED DC OPERATING CONDITIONS (0C=Ta=70TC)
Parameter Symbol min. typ. max. Unit
Supply Volt Vee 4.75 5.0 5.25 \%
u ()
pply age GND 0 0 0 v
Input High(logic 1) Voltage Vi 2.2 3.5 6.0 \Y%
Input Low (logic 0) Voltage Vi —0.3 - 0.8 \Y

GO HITACHI
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HM6147,HM6147-3,HM6147P,HM6147P-3

= DC AND OPERATING CHARACTERISTICS (0C =Ta<70C, Vcc=5V£5%, GND=0V)

Parameter Symbol Test Condition min W typ max Unit Notes
Input Leakage Current | Il Vee=5.25V, GND to Vec — — 2.0 MA
Output Leakage Current | Iol CS=Vu, Veu=0~Vecc — — 2.0 KA
Operating Power Supply Current(1) DC Icc ‘CS=Vi, Output open — 15 35 mA
. CS=Vu, Vin=0.2V or _ _
Operating Power Supply Current(2) DC Icc, Vinz Vee—0.2V 12 mA (2)
Average Operating Current(3) Icc: Cycle 150ns, duty 50% — 14 — mA (2)
Standby Power Supply Current (1) DC Iss CS=Vu — 5 12 mA
CS=Vec—0.2V,
Standby Power Supply Current(2) DC Iss: V’Nso.gc\, or Vin=Vec—0.2V - 20 800 KA
Output Low Voltage VoL Tor=12mA — — 0.40 \%
Output High Voltage Vou Ion=—8.0mA 2.4 — — A%
Notes: 1. Typical limits are at VCC =5.0V, Ta=25°C and specified loading.
2. Reference only
Vee
m AC TEST CONDITIONS
® |nput pulse levels: GND to 3.5V
® [nput rise and fall times: 10 ns 5102
® [nput and output timing reference levels: 1.5V
® Output load: See Figure 1 Doyt
3000 30 pF*
*Including scope & jig capacitance
Figure 1 Output Load
®m CAPACITANCE (Tq=25C, f=1.0MHz)®
Item Symbol Conditions max. Unit
Input Capacitance Cun Via=0V 5 pF
Output Capacitance Cout Vour =0V 7 pF

Note 3: This parameter is sampled and not 100% tested.
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m AC CHARACTERISTICS

® READ CYCLE (Ta=0T to 70, Vcc=-+5V+5%, unless otherwise noted. )

HM6147,HM6147-3,HM6147P HM6147P-3

Parameter Symbol : HM6147 -3 : HM 6147 Unit
min. max. min. max.
Read Cycle Time tre 55 — 70 — ns
Address Access Time taa — 55 — 70 ns
Chip Select Access Time tacs — 55 — 70 ns
Output Hold from Address Change ton 5 — 5 — ns
Chip Selection to Output in Low Z tLz 10 — 10 — ns
Chip Deselection to Output in High Z tnz 0 40 0 40 ns
Chip Selection to Power Up Time teu 0 — 0 — ns
Chip Deselection to Power Down Time tep — 30 — 30 ns
= WRITE CYCLE
Parameter Symbol - HM6147 -3 - HMe147 Unit
min. max. min. max.
Write Cycle Time twe 55 — 70 — ns
Chip Selection to End of Write tew 45 — 55 — ns
Address Valid to End of Write taw 45 - 55 — ns
Address Setup Time tas 0 — 0 — ns
Write Pulse Width twp 35 — 40 — ns
Write Recovery Time twr 10 — 15 — ns
Data Valid to End of Write tow 25 — 30 — ns
Data Hold Time ton 10 — 10 — ns
Write Enabled to OQutput in High Z twz 0 30 0 35 ns
Output Active from End of Write tow 0 — 0 — ns
(11121
= TIMING WAVEFORM OF READ CYCLE NO. 1
IRC )
Address >(
taa {
—tOH—
Dataout  previous data valid;>( Data valid
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HM6147,HM6147-3,HM6147P,HM6147P-3

= TIMING WAVEFORM OF READ CYCLE No.2!"/[¥]

tRC

s ) /

tacs )
trz tHZ
High impedance . High impedance
Data out Data valid —
tpu IPD

Vee  supply Icc

current

Notes: 1. WE is high for READ Cycle.

2.CS is low for READ Cycle.
3. Addresses valid prior to or coincident with CS transition low.

= TIMING WAVEFORM OF WRITE CYCLE

twe
Address >< ><
| lew
AW t
tas twp =z
A\ \
— X\ Y 4
W W\ } /]
I tpw tDH
Data in Data in valid
wz tow
Data out Data undefined
High impedance
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Supply Current Icc, Icc2 (mA)

Access Time (Normalized)

Access Time Atas, Atacs

30

o
&

I\
Supply Current . Icc, Iccz (mA)

0.9

08

0.7

0
45 4.75 5.0 525 55

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

Ta=25C

\

Icc

/‘ Icca

Supply Voltage Ve (V)

ACCESS TIME
vs. SUPPLY VOLTAGE
Ta=25C

=)
Q
N
3

\ E
)

taA, LACS I3

3
g
3
<

45 475 5.0 525 55

Supply Voltage vcc (V)

ACCESS TIME
vs. LOAD CAPACITANCE

Ta=25'C
Vec=MIN

T

e

Supply Current /cc2 (Normalized)

0 100 200 300 400

Load Capacitance c. (pF)

GO HITACHI
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25

=20

09

08

0.7

08

0.6
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HM6147,HM6147-3,HM6147P,HM6147P-3

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

Vec=5.0V
Icc.
I
T —T—
0 20 40 60 80

Ambient Temperature Ts (C)

ACCESS TIME
vs. AMBIENT TEMPERATURE

Vee=50V

tas, tacs | _—

0 20 40 60 80
Ambient Temperature Ta (C)

SUPPLY CURRENT
vs. FREQUENCY

T

T T
150ns 70n. 55ns

/ Ta=25C

0 5 10 15 20
Frequency s (MHz)



HM6147LP ,HM6147LP-3

4096-word X 1-bit High Speed Static CMOS RAM

s FEATURES

Single 5V Supply and High Density 18 Pin Package

High Speed: Fast Access Time 55ns/70ns Max.

Low Power Standby and Low Power Operation, Standby: 5uW typ.,
Operation: 75mW typ.

® Completely Static Memory — No Clock nor Timing Strobe Required
® No Peak Power—On Current
® No Change of tacg with Short Chip Deselect Time
® Equal Access and Cycle Time
® Directly TTL Compatible — All Input and Output
® Separate Data Input and Output: Three State Output i
® Capability of Battery Back up Operation
® Pin-out Compatible with Intel 2147 NMOS STATIC RAM
= BLOCK DIAGRAM (DP-18)
A
° Row Memory Matrix | ——© Vee = PIN ARRANGEMENT
0”1% pecoder| o 64x64 | o GND A, 1gvee
o—L{ 5] A2 T,
A, :E A3] 164,
03 A,[4] 13)A,
Din Column 1/0 DouTt A4E EAa
Column Decoder AsE E A,
cs H%ﬂ“kﬂ’ DOUTE 12 A, ,
WE[8] 11] D1
GND[9] 10) CS
w L
O o0 09 fe) i
R20°] (Top View)
s ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin relative to GND Vin —0.5 to +7.0 A
Power Dissipation Pr 1.0 W
Operating Temperature Topr 0 to +70 °C
Storage Temperature T —55 to +125 °C
= RECOMMENDED DC OPERATING CONDITIONS (0°C < T, £ 70°C)
Parameter Symbol min. typ. max. Unit
Supply Voltage Vee 4.75 5.0 5.25 \%
GND 0 0 0 \%
Input High(logic 1) Voltage Vi 2.2 3.5 6.0 v
Input Low (logic 0) Voltage Vi —0.3 — 0.8 \%
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HM6147LP,HM6147LP-3

® DC AND OPERATING CHARACTERISTICS (0T < Ta<70C, Vcc=5V+5%, GND=0V)

T

Parameter Symbol Test Conditions min. typ. max. Unit Notes

Input Leakage Current | Il Vee=5.25V, GND to Vec — — 2.0 KA

Output Leakage Current | Iol CS= Vi, Vour=0~Vcc — — 2.0 KA
Operating Power Supply Current(1) DC Icc CS=Vu, Output open — 5| 357‘ 7 mA;>
Operating Power Supply Current(2) DC Icc, SEZ“,{;’;‘_X';%OZV or — 12 — mA (2)
Average Operating Current(3) Icc: Cycle 150ns, duty 50% — 14 - mA (2)
Standby Power Supply Current(1) DC Isp CS=Vu — 5 12 mA

Standby Power Supply Current(2) DC | Iy | S5 Vee 0.2V Tw=0.2V | _ 1 100 | uA

Output Low Voltage Vo IoL=12mA — — 0.40 v

Output High Voltage Von Ion=—8.0mA 2.4 — — v

Notes: 1. Typical limits are at 'V-=5.0V, T,=25"C: and specified
loading. Vee
2. Reference only.

® AC TEST CONDITIONS

@ [nput pulse levels: GND to 3.5V 100
® [nput rise and fall times: 10 ns D
® Input and output timing reference levels: 1.5V our

® Output load: See Figure 1
3005 30 pF*

*Including scope & jig capacitance
Figure 1 Output Load

® CAPACITANCE (Ta=25C, f=1.0MHz)*

Item Symbol Conditions max. Unit
Input Capacitance Can Vin=0V 5 pF
Output Capacitance Cout Vour =0V 7 pF

Note 3: This parameter is sampled and not 100% tested.

® AC CHARACTERISTICS (Ta=0T to 70C, Vcc=5V+5%, unless otherwise noted.)

e READ CYCLE

HM6147LP-3 HM6147LP
Parameter Symbol - - Unit
min. max. min. max.

Read Cycle Time tre 55 — 70 — ns
Address Access Time taa — 55 — 70 ns
Chip Select Access Time tacs — 55 — 70 ns
Output Hold from Address Change tou 5 — 5 — ns
Chip Selection to Output in Low Z trz 10 — 10 — ns
Chip Deselection to Output in High Z thz 0 40 0 40 ns
Chip Selection to Power Up Time tru 0 — 0 — ns
Chip Deselection to Power Down Time tpp — 30 — 30 ns
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HM6147LP,HM6147LP-3

e WRITE CYCLE

HM6147LP-3 HM6147LP
Paramter Symbol - - Unit
min. max. min. max.
Write Cycle Time twc 55 — 70 — ns
Chip Selection to End of Write tew 45 — 55 - ns
Address Valid to End of Write taw 45 — 55 — ns
Address Setup Time tas 0 — 0 — ns
Write Pulse Width twp 35 — 40 — ns
Write Recovery Time twr 10 — 15 — ns
Data Valid to End of Write tow 25 — 30 — ns
Data Hold Time ton 10 — 10 - ns
Write Enabled to Output in High Z twz 0 30 0 35 ns
Output Active from End of Write tow 0 — 0 — ns
= TIMING WAVEFORM OF READ CYCLE No. 1{1 2]
IRC ,
Address ><
t
tor AA
Data out previous data valid Data Valid
= TIMING WAVEFORM OF READ CYCLE No. 2!1 (3]
'RC
s T\ 7
tacs
A8 HZ
. High impedance
Data out Data valid
tpD
Vec spply 1667 7T /

current  Jgp 7

1. WE is high for READ Cycle.
2. CSis low for READ Cycle.

Notes:

3. Addresses valid prior to or coincident with TS transition low.

70

@ HITACHI



I TIMING WAVEFORM OF WRITE CYCLE

twe
Address >< ><
1 icw
TAaw twR
tas twp
_ AR /
\ /
| tbw IDH |=—
Data in Data in valid
I

f—o PW21 ow

Data out Data undefined

/High',‘ e

! LOW Vec RETENTION CHARACTERISTICS (72 = 0°C to 70°C)

Parameter Symbol Test Condition min. typ. max. Unit
. CS 2 Vec—0.2V,
vV V. = o . — - \Y
cc for Data Retention DR Vin2 Voc—0.2V or 0.2V 2.0
Vee = 2.0V, CS 2 1.8V,

Data Retention Current Iccor ancg 1.8V or 0.2V — — 40 KA
Chip Deselect to Data Retention Time teor 0 — — ns
Operation Recovery Time tr trc* — — ns

tRC = Read Cycle Time

' LOW Vcc RETENTION CHARACTERISTICS

Data Retention Mode

Y

\_

fa.5v
VDR 2 2.0V /

——-' ICDR I~

— tR

‘._

/

al

2.2V

2.2V
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HM6116P-2, HM6116P-3, HM6116P-4

2048-word X 8-bit High Speed Static CMOS RAM

s FEATURES
® Single 5V Supply and High Density 24 pin Package
® High Speed: Fast Access Time 120ns/150ns/200ns (max.)
® Low Power Standby and Low Power Operation; Standby: 100uW (typ.)
Operation: 180mW (typ.)
® Completely Static RAM: No clock or Timing Strobe Required
® Directly TTL Compatible: All Input and Output
® Pin Out Compatible with Standard 16K EPROM/MASK ROM
® Equal Access and Cycle Time
s FUNCTIONAL BLOCK DIAGRAM
(DP-24)
Abo— |
—o Vee = PIN ARRANGEMENT
Row | ®* | Memory Matrix —o GND )
g Decoder| o 128x128 A7 E E Vee
A6 o—— DK A6[2] 23] A8
A5[3] 22] A9
T T A4[4] 21 E;
1101 i B Column 1/0 ASE 20] OE
[ Input AZE 191A10
E : g Data Column Decoder A1E 18lcs
: ! Control % . % AOE E /08
Nl ]
1/08 0—p— "ﬁ i i 1101[9| 16]1/07
AT A10 D 1102[10] 15)1/06
1
== e o 1/03[11] 14]1/05
S o—
e Control ﬁ GND[12] 13]1/04
© Logic N
WE o— (Top View)
s ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to GND VIN —0.5t0 +7.0 \
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tstg —55 to +125 °c
Temperature Under Bias Thias —10 to +85 °c
Power Dissipation Pr 1.0 W
s TRUTH TABLE
cs OE WE Mode Ve Current 1/0 Pin Ref. Cycle
H X X Not Selected IsB,IsB1 High Z
L L H Read Icc Dout Read Cycle (1)~ (3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)
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HM6116P-2, HM6116P-3, HM6116P-4

1 RECOMMENDED DC OPERATING CONDITIONS (7. =0t0+70°C)

Item Symbol min. typ. max. Unit
Supply Voltage Vee 45 5.0 5.5 \'
GND o] 0 0 \"
Input Voltage Vin 22 35 60 M
Vie -1.0* - 0.8 v
* Pulse Width: 50 ns, DC: ¥y min. = —0.3V.
1 DC AND OPERATING CHARACTERISTICS (Vcc =5V +10% GND = 0V, Ta = 0to +70°C)
HM6116P-2 HM6116P-3/-
Item Symbol Test Conditions - 6 3/4 Unit
min. typ* max. min. typ? max.
Input Leakage Current s Vec=5.5V,Vin =GND to Ve - - 10 — - 10 kA
o Cs=VIH or OE =VIH. - —
utput Leakage Current 1 ILo | %?/O e O e 1 10 - - 10 uA
Operating Power Supply Icc (’3/3 = V;L’ I170 = OmA - 40 80 - 35 70 mA
Current * IH=3.5V, Vi =06V,
Icc 11/0=0mA - 35 - - .30 - mA
Average Operating Current | Icc2 Min. cycle, duty = 100% - 40 80 - 35 70 mA
Standby Power Supply IsB 2_2 : ll//IH N TST - 5 '8 - 5 'S mA
Current =z Vee —-0.2V,Vin 2 Vee
sB1 | 202V or Vin 20,2V - 0.02 2 - 0.02 2 mA
IoL =4mA - - 0.4 — — -
VoL \
Output Voltage IoL =2.1mA - — — — - 0.4
Vou IoH = —1.0mA 24 - — 2.4 — — | Vv
*: Vee=5V, Ta = 25°C
**: Reference Only
® AC CHARACTERISTICS (vcc =5V £10%, Ta = 0to +70°C)
® AC TEST CONDITIONS
Input Pulse Levels: 0.8t02.4V Input and Output Timing Reference Levels: 1.5V
Input Rise and Fall Times: 10 ns Output Load: 1TTL Gate and CL = 100pF

(including scope and Jig)
e READ CYCLE

HM6116P-2 HM6116P-3 HM6116P-4 .
Item Symbol - - - Unit
min. max. min. max. min. max.
Read Cycle Time trRC 120 - 150 - 200 — ns
Address Access Time tAA - 120 — 150 - 200 ns
Chip Select Access Time Tacs - 120 | - 150 = 200 ns
Chip Selection to Output in Low Z tcLz 10 - 15 - 15 - ns
Output Enable to Output Valid tOE - 80 - 100 - 120 ns
Output Enable to Output in Low 2 toLz 10 - 15 - 15 - ns
Chip deselection to Output in High Z tcHZ 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tOHZ 0 40 0 50 0 60 ns
Output Hold from Address Change toH 10 - 15 - 15 - ns
® WRITE CYCLE
HM6116P-2 HM6116P-3 HM6116P-4
Item Symbol n - n Unit
min. typ. min. max. min. max.

Write Cycle Time twe 120 - 150 - 200 - ns
Chip Selection to End of Write tew 70 - 90 - 120 — ns
Address Valid to End of Write taw 105 - 120 - 140 - ns
Address Set Up Time s 20 - 20 - 20 — s
Write Pulse Width twp 70 - 90 - 120 - ns
Write Recovery Time tWR 5 - 10 - 10 - ns
Output Disable to Output in High Z toHZ 0 40 0 50 0 60 ns
Write to Output in High Z IWHZ ] 50 ] 60 o] 60 ns
Data to Write Time Overlap tpw 35 - 40 - 60 - ns
Data Hold from Write Time tpH 5 - 10 - 10 - ns
Output Active from End of Write tow 5 - 10 - 10 - ns

@ HITACHI 73



HM6116P-2, HM6116P-3, HM6116P-4

® CAPACITANCE (f = 1MHz, T, = 25°C)

Item Symbol Test Conditions typ. max. Unit

Input Capacitance Cin Vin = 0V 3 5 pF

Input/Output Capacitance Cro V1o = 0V 5 7 pF

® Read Cycle (1) Notes) 1,5

IRC
Address >< ><
‘aA
o ; N / K/ / /
{OE {OH
- t
o5 \\ oLz y / 7 / /
4
tacs tc::Z
tcLz
Dout < <>©_
® Read Cycle (2) Notes) 1,2,4,5
‘RC
Address >< ><
faa | toH
'oH
Dout <
® Read Cycle (3) Notes) 1,3,4,5
facs | ICHZ
tcLz

WE is High for Read Cycle.

N

2. Device is continuously selected, CS = VIL.
3. Address Valid prior to or coincident with CS transition

5. When CS is Low, the address input must not be in the high

Dout
NOTES: 1.
Low.
4. OE=V]L,.
impedance state.
74
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TIMING WAVEFORM

HM6116P-2, HM6116P-3, HM6116P-4

Write Cycle (1) Notes) 1 twe
\ddress ;{ ><
twr(3)
3 / N
j | tcw \
s (5 // /
L taw
tas
NE N N 4
N N /|
fonz[4) twp (2]
N
Dout
/S /S / / —tpw ——~——DH —|
g XXX
» Write Cycle (2) Notes) 1,6 twe
Address >( >(
tew twrl(3]
cs \\[51 7[
faw
twp (2]

WE N 2

. N / o)}

A9 twrz [4)

tow [7] [8]
Dout
/ ~— DWW —+ !DH——{[9]
K K

NOTES: 1. WE must be high during all address transitions. low transitions or after the WE transition, output remain in

. A write occurs during the overlap (fwp) of a low CSanda

low WE.
'WR is measured from the earlier of CS or WE going high to
the end of write cycle.

. During this period, 1/O pins are in the output state so that

the input signals of opposite phase to the outputs must not
be applied.

. If the CS low transition occurs simultaneously with the WE

@ HITACHI
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a high impedance state.

. OEis continuously low. (ﬁ =ViL)
. Doyt is the same phase of write data of this write cycle.

Doyt is the read data of next address.

. If CS is Low during this period, 1/0 pins are in the output

state. Then the data input signals of opposite phase to the
outputs must not be applied to them.
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HM6116P-2, HM6116P-3, HM6116P-4

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

Ta=25"C

08

0.6

Supply Current I, Iccy (Normalized)

45 4.75 5.0 525 55
Supply Voltage vec (v)

ACCESS TIME
vs. SUPPLY VOLTAGE

Ta=25C

0.9

0.8

Access Time t 4 4, 14 s (Normalized)

45 4.75 5.0 525 55
Supply Voltage v (v)

ACCESS TIME
vs. LOAD CAPACITANCE

14 /

Ta=25C
Vee=MIN

Access Time t4 4, t 45 (Normalized)

100 200 300 400 500
Load Capacitance C. (pF)

76

08

0.6

Supply Current /¢, Icca (Normalized)

04

09

08

Access Time 144, 14 cs (Normalized)

0.7

09

Supply Current Iy (Normalized)

0.7

@ HITACHI

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

Vee=5.0V

0 20 40 60 80
Ambient Temperature Ta (C)

ACCESS TIME
vs. AMBIENT TEMPERATURE

Vee=5.0V

L~

A

0 20 40 60 80
Ambient Temperature Ta (C)

SUPPLY CURRENT
vs. FREQUENCY

T T T
200ns 150ns 120ns

0 4 6 8 10
Frequency / (MHz)



AM6116LP-2, HM6116LP-3,

HM6116LP-4

2048-word X 8-bit High Speed Static CMOS RAM

FEATURES

Single 5V Supply and High Density 24 pin Package

High Speed: Fast Access Time 120ns/150ns/200ns (max.)

Low Power Standby and Low Power Operation; Standby: 20uW (typ.)
Operation: 160mW (typ.)

Completely Static RAM: No clock or Timing Strobe Required

Directly TTL Compatible: All Input and Output

Pin Out Compatible with Standard 16K EPROM/MASK ROM

Equal Access and Cycle Time

Capability of Battery Back up Operation

" FUNCTIONAL BLOCK DIAGRAM

YRS | —
—o V¢e
g Row . Memory Matrix —o GND
Decoder| o 128x128
A6 o—
1 [
1/01 T B Column 1/0
1 -
[ Input
: \ Data Column Decoder
! ! Control
:: N Lo
1/08 o— - U
*t A7 A10 C
. ' i
[
38 o] ‘—ﬁr“
5E Control

Logic

1 ABSOLUTE MAXIMUM RATINGS

(DP-24)

= PIN ARRANGEMENT

A7[7]
As[2]
A5[3]
A4[4]
A3[5]
A2[6 |
A1[7]
INE
1101 9|
1/02[10
1/03[11

GND'E

~ 24| Ve

23] A8
22] A9
21] WE
20] o€
19]A10
18]|cs
17]1/08
16 [1/07
15(1/06
14 I/05

[13]1/04

(Top View)

Item Symbol [ Rating Unit
Voltage on Any Pin Relative to GND VIN | —0.5t0+7.0 _ov
Operating Temperature Topr 0to +70 DC
Storage Temperature Tstg —55to +125 OC
Temperature Under Bias Tbias —10 to +85 - .. c
Power Dissipation Pr 1.0 | w

GO HITACHI
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HM6116LP-2, HM6116LP-3, HM6116LP-4

= TRUTH TABLE

CS OE WE Mode Vce Current 1/0 Pin Ref. Cycle
H X X Not Selected IsB, IsB1 High Z
L L H Read Icc Dout Read Cycle (1)~ (3)
L H L Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)
s RECOMMENDED DC OPERATING CONDITIONS (74 =0t0+70°C)
Item Symbol min. typ. max Unit
Vee 45 5.0 5.5 \%
S ly Volt
upply Voltage GND 0 0 0 \
.2 .5 6.0 \"
{nput Voltage Vin 2 3
ViL -1.0* - 0.8 v

* Pulse Width: 50 ns, DC: Vjr, min. = —0.3V.

= DC AND OPERATING CHARACTERISTICS (Vcc=5V £10%, GND =0V, Tz = 0 to+70°C)

HM6116LP-2 HM6116LP-3/-4 )
ltem Symbol Test Conditions - - Unit
min. typ* max min. typ* max.
Input Leakage Current il | Vec=55V,Vin =GND to Vcc - - 2 - - 2 uA
Output Leakage Current Iﬁh‘o | %Zi"éﬁbqs T’Z},'H - - 2 - _ 2 uA
. Icc cs= ViL, 1170 = OmA - 35 70 - 30 60 mA
Operating Power Supply | VIH=35V, V=08V,
Icc 1170=0mA — 30 - - 25 - mA
Average Operating Current | Icc2 | Min. cycle, duty = 100% — 35 70 - 30 60 mA
Standby Power Supply IsB (C:—:; ZIH v VSV = 4 12 — 4 12 mA
Current IsB1 | Soov S vm 202y | C - 4 100 - 4 100 HA
VoL IoL =4mA - - 04 - - - v
Output Voltage IoL = 2.1mA — — — — = 0.4
Vo |lIoH=-1.0mA 24 - - 24 - - Vv
*: Vec=5V, Ta=25°C
**: Reference Only
® AC CHARACTERISTICS (vcc =5V £10%, Ta = 010 +70°C)
® AC TEST CONDITIONS
Input Pulse Levels: 0.8t02.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and CL = 100pF
(including scope and Jig)
® READ CYCLE
Item Symbol I.-lM6116LP-2 HM61IGLP-3 .HM6116LP-4 Unit
min. max. min. max min. max.
Read Cycle Time tRC 120 - 150 - 200 - ns
Address Access Time tAA - 120 - 150 - 200 ns
Chip Select Access Time tacs - 120 - 150 - 200 ns
Chip Selection to Output in Low Z toLz 10 - 15 . 15 - ns
_Output Enable to Output Valid tOE - 80 - 100 - 120 ns
Output Enable to Output in Low Z ‘oLz 10 - 15 - 15 - ns
Chip deselection to Output in High Z IcHZ 0 40 0 50 0 60 ns
Chip Disable to Output in High Z toHZ 0 40 0 50 0 60 ns
Output Hold from Address Change toH 10 - 15 - 15 - ns
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» WRITE CYCLE

HM6116LP-2, HM6116LP-3, HM6116LP-4

R - HM6116LP-4
Item Symbol HME116LP-2 '_"MGI 16LP-3 - Unit
min. typ. min. max. min. max.

Write Cycle Time twe 120 - 150 — 200 - ns

Chip Selection to End of Write tew 70 - 90 - 120 - ns

Address Valid to End of Write tAw 105 - 120 - 140 - ns

Address Set Up Time tAS 20 - 20 - 20 - ns

Write Pulse Width twp 70 - 90 - 120 - ns

Write Recovery Time twR 5 — 10 - 10 - ns

Output Disable to Output in High Z tOHZ 0 40 0 50 0 60 ns

Write to Output in High Z tWHZ 0 50 [+] 60 o] 60 ns

Data to Write Time Overlap tpw 35 - 40 - 60 - ns

Data Hold from Write Time tpH 5 - 10 - 10 - ns

Output Active from End of Write tow 5 - 10 - 10 - ns
® CAPACITANCE ( = 1MHz, Ta = 25°C)

Item Symbol Test Conditions typ. max Unit

Input Capacitance Cin Vin =0V 3 5 pF

Input/Output Capacitance Cro Vijo =0V 5 7 pF
® TIMING WAVEFORM

® Read Cycle (1) Notes) 1,5

'rc
Address >< ><
faa
oE \k ¥ /
AN AN AN L
lOE loH
— t
55 \\\ oLz } /
tacs toHZ
ICHZ
lcLz
Dout < <><>,_
® Read Cycle (2) Notes) 1,2,4,5
'rRc
Address >< /<
taa 'oH

oH

Dout

@ HITACHI

79



HM6116LP-2, HM6116LP-3, HM6116LP-4

® Read Cycle (3)

Dout

NOTES:

® Write Cycle (1) Notes) 1

Address

Dout

Din

80

\

Notes) 1, 3,4,5

facs

IcLz

IcHZ

Low.

. OE=VIL.
. When CS is Low, the address input must not be in the high

impedance state.

. WE is High for Read Cycle.
. Device is continuously selected, CS = Vi,
. Address Valid prior to or coincident with CS transition

N

X X
twrl(3]
7/ ‘ew \K
N v
A b A
toHz[4] twpl2]

<
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® Write Cycle (2) Notes) 1,6

HM6116LP-2, HM6116LP-3, HM6116LP-4

@ HITACHI

lwe
Address >< ><
few 'wrl(3]
cs \ ’\[5] 7{
‘Aw
twp (2]
WE A \ [
\ / 'oH
las R
NS i ‘wHz (4]
low (7] (8]
Dout
——— DW————DH——{[9)
oin VAVAVA
NOTES: 1. WE must be high during all address transitions.
2. A wii_t_e occurs during the overlap (fwp) of a low CS and a
low WE.
3. !WRis measured from the earlier of CS or WE going high to
the end of write cycle.
4. During this period, |/O pins are in the output state so that
the input signals of opposite phase to the outputs must not
be applied.
5. If the CS low transition occurs simultaneously with the WE
low transitions or after the WE transition, output remain in
a high impedance state.
6. OE is continuously low. (OE = V1)
7. Doyt is the same phase of write data of this write cycle.
8. Doyt is the read data of next address.
9. If CS is Low during this period, I/O pins are in the output
state. Then the data input signals of opposite phase to the
outputs must not be applied to them.
8 LOW Vcc DATA RETENTION CHARACTERISTICS (7. = 0to +70°C)
Item [ Symbol Test Conditions min typ. max Unit
! CS2 Veec —0.2v _
Vcc for Data Retention VDR VinN 2Voc —0.2V or VN £ 0.2V 2.0 \]
) Vee =3.0V,CS 228V _ _
Data Retention Current Iccpr VIN = 2.8V or VIN £ 0.2V 50 HA
i ion Time t 0 - - n
Chip Deselect to Data Retention Ti CDR See Retention Waveform s
Operation Recovery Time 'R * IRC - - ns
* tRC = Read Cycle Time.
® Low Vcc Data Retention Waveform
Data Retention Mode
45V Y Y4 5v
14
ce \ VDR 2 2.0V /
!CDR 'R
csS 2 —
= N e
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HM4716A-1,HM4716A-2,
HM4716A-3, HM4716A-4,
HM4716AP-1,HM4716AP-2,
HM4716AP-3, HM4716AP-4

16384-word X 1-bit Dynamic Random Access Memory

The HM4716A is a 16,384 word by 1 bit MOS random access memory circuit THM4716A-1,HM4716A-2,
fabricated with HITACHI's double poly N-channel silicon gate process for high HM4716A-3, HM4716A4
performance and high functional density. The HM4716A uses a single transistor
dynamic storage cell and dynamic control circuitry to achieve high speed and low
power dissipation. Multiplexed address inputs permit the HM4716A to be packaged
in a standard 16 pin DIP on 0.3 inch centers. This package size provides high system
bit densities and is compatible with widely available automated testing and
insertion equipment. The HM4716A is designed to facilitate upgrading of the
16-pin 4K RAM. However, the data output latch incorporated in the present 4K
design is not appropriate for 16K RAM'’s. This new generation of memory products
(16K RAM'’s) requires a slightly modified output stage to allow more system
flexibility. Instead of the conventional latch, the HM4716A output is controlled by

the Column Address Storobe (CE). Data out of the HM4716A will remain valid (DG-16A)
from the access tnmg from the polumn Aidres§ Strobe unitl @goes into precharge HM4716AP-1, HM4716AP-2,
(logic 1). However, in early write cyles (W active low before CE goes low), the data HMA4716AP-3, HM4716AP-4

output will remain in the high impedance (open-circuit) state throughout the entire
cycle. This type of output operation results in some very significant system
implications.

1. Common |/O Operation

If all write operation are handled in the “early write’”” mode, then data in can be
connected directly to data-out on a printed circuit board.

2. Data Output Control

Data well remain valid at the output during a read cycle from TCELQV until CE
returns to precharge.

This allows data to be valid from one cycle up until a new memory cycle begins. (DP-16)
3. Two Methods of Chip Selection
Both CE and/or RE can be decoded for chip selection. = PIN ARRANGEMENT
4. Refresh Y
Refreshing can be accomplished every 2ms by either of the two following methods: V"E 16 |Vss
(1) normal read or write cycles on 128 addresses, AO to A6. b E Eﬁ
(2) RE only cycles on 128 addresses, AO to A6.
A write cycle will refresh stored data on all bits of the selected row except the bit w3 4] Q
\ivtich is addressed. 7=l 514
RE only regreshes results in a substantial reduction in operating power. i )
5. Page Mode Operation AOE 12 | As
The HM4716A is designed for page mode operation. E :]
Az 6 1] 44
Old New Definitions
A0-A6 | A0-A6 | Address Inputs 7] [10]
TAS CE Column Address Voo[z Z]VCC
Strobe -
(Top View)
Din D Data In
Dour Q Data Out
RAS RE Row Address
Strobe
WRITE | W Read/Write Input
Ves VBB Power (—5V)
Vee vCC Power (+5V)
Voo VDD Power (+12V)
Vss VSS Ground
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" FEATURES

HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4,
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

® Maximum Access Time

o All Inputs Including Clocks TTL Compatible

. HM4716A-1 .. ........ 120
® Input Latches for Address and Data in HM4716A-2 -« oo .. 150::
® Three-State TTL Compatible Output HMA716A3 - v v, 200ns
® Common |/0 Capability
, HM4716A-4 - ...ono.. 250ns
o Only 128 Refresh Cycles Required Every 2ms @ Read or Write Cycle Ti
o Standard Power Supplies +12V, +5V, —5V 4 Ime
(all with 10% tolelance) HM4716A-1 .......... 320ns
HM4716A-2 ... ........ 320ns
HM4716A3 -« --vvnvnn. 375ns
HM4716A-4 - --......... 410ns
s FUNCTIONAL DIAGRAM W b
BE Clock Write a in ata Ou
RE — Geniruor No.1 ’—, Clocks g:;fer gu;fe? '
! T
— ”_‘ l—~ Q
— { S
CE Clock 2 2
>—D— Ge:irator No.2 [ § ,_‘: £ g
3 TE :
L £ s |2 &
Column = 2 2 <
Address Latch S = Jc", =
A0 L
s
) ]
Address Latch
8 ABSOLUTE MAXIMUM RATINGS
Voltage on any pinrelativeto VBB .................. —0.5V to+20V
Voltage on VDD, VCC Supplies relativeto VSS ......... —0.5V to +15V
Voltage onQ pin relativeto VSS  ................... —0.5V to +10V
Operating Temperature, TA (Ambient) ............... 0°Cto +70°C
Storage Temperature (Ambient)™ - -« «ccveevrinneenn. —65°C to +150°C
Short-circuit outputcurrent ..., 50mA
Power dissipation . ......... i 1w
* In case of HM4716AP Series are —55°C to +125°C.
= RECOMMENDED DC OPERATING CONDITIONS (TA=0 to +70T)
Parameter Symbol min. typ. max. Unit Notes
VDD 10.8 12.0 13.2 \%
Supely Volt vCC 4.5 5.0 5.5 A% 1
u o e
pply Tolteg vss 0 0 0 v
VBB —4.5 —5.0 —5.5 \Y%
Input High (logic 1) Voltage RE, CE, W VIHC 2.7 — 6.5 \% 1
Input High(logic 1) Voltage All inputs except RE, CE, W VIH 2.4 — 6.5 \Y% 1
Input Low (logic 0) Voltage all inputs VIL -1.0 - 0.8 A 1
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4,

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

m DC ELECTRICAL CHARACTERISTICS

(TA=0 to +70°C, VDD=12V+10%, VCC=5Vt10%,

VBB=—-5V*+10%, VSS=0V)
Parameter Symbol min. max. Units Notes

OPERATING CURRENT IDD1 - 35 mA 2
Average Power Supply Operating Current ICC1 - — mA 3
(RE, CE Cycling: TRELREL =375ns) IBB1 —_— 300 KA 2
STANDBY CURRENT IDD2 — 1.5 mA
Power Supply Standby Current (RE = CE = VIHC) ICC2 —-10 10 1A 5

IBB2 — 100 HA
REFRESH CURRENT IDD3 - 27 mA 2
Average Power Supply Current, Refresh Mode ICC3 -10 10 KA
(RE Cycling, CE=VIHC; TRELREL =375ns) IBB3 - 300 KA 2
PAGE MODE CURRENT IDD4 - 27 mA
Average Power Supply Current, Page-mode Operation ICC4 — - mA 3
(RE=VIL, CE Cycling; TCELCEL = 225ns) 1BB4 — 300 HA
INPUT LEAKAGE
Input Leakage Current, any Input (VBB=—5V, VIN=0to +7V, IIL —10 10 KA
all other pins not under test=0V)
OUTPUT LEAKAGE
Output Leakage Current (Q is Disabled, VOUT=0 to +5.5V) IoL —10 10 LA 5
OUTPUT LEVELS
Output High(Logic 1) Voltage (10UT= —5mA) VOH 2.4 vee v 4
Output Low (Logic 0) Voltage (IOUT=4.2mA) VOL 0 0.4 \Y%

NOTES

1. All voltages referenced to VSS, VBB must be applied 11.

before and removed after other supply voltage.
2. Current depend on cycle rate: maximum current is

measured at the fastest cycle rate. 12.

3. ICC depends upon output loading. The VCC supply is
connected to the output buffer only.

4. Output voltage will swing from VSS to VCC when
activated with no current loading. For purposes of

maintaining data in standby mode, VCC may be reduced 13

to VSS without affecting refresh operations or data
retention. However, the VOH (min) specification is not

guaranteed in this mode. 14.

5. ICC2, ICC3 and IOL consists of leakage current only.

AC measurements assume TT = bns.

. VIHC (min) or VIH (min) and VIL (max) are reference
levels for measuring timing of input signals. Also, transi-
tion times are measured between VIHC or VIH and VIL.

8. Assumes that TRELCEL = TRELCEL (max). If TREL-

CEL is greater than the maximum recommended value

~o

shown in this table, TRELQV exceeds the value shown. 15

9. Assumes that TRELCEL = TRELCEL (max).

10. Measured with a load circuit equivalent to 2TTL loads and 16

100pF (in case of HM4716A-2:1 TTL and 50pF). And
VSS + 0.8V, VSS + 2.0V are the reference level for
measuring timing of Q.

86

TCEHQZ (max) defines the time at which the output
achieves the open circuit condition and is not referenced
to output voltage levels.

Operation with the TRELCEL (max) limit insures that
TRELQC (max) can be met TRELCEL (max) is specified
as a reference point only; if TRELCEL is greater than the
specified TRELCEL (max) limit, then access time is
controlled exclusively by TCELQV.

These parameters are referenced to CE leading edge in
early write cycles and to W leading edge in delayed write
or read-modify-write cycles.

TWLCEL, TCELWL and TRELWL are not restrictive
operating parameters. They are included in the data sheet
as electrical characteristics only: if TWLCEL = TWLCEL
(min), the cycle is an early write and the data out pin will
remain open circuit (high impedance) throughout the
entire cycle; if TCELWL = TCELWL (min) and TRELWL
will contain data read from the selected cell; if neither of
the above sets of conditions is satisfied the condition of
the data out (at access time) is indeterminate.

. Capacitance measured with Boonton Meter or effective

capacitance measuring method.

. CE = VIHC to disable Q.
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HM4716A-1,HM4716A-2,HM4716A-3,HM4716A-4
HM4716AP-1,HM4716AP-2,HM4716AP-3,HM4716AP-4

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
TA=0 to +70°C, VDD=12V*+10%, VCC=5V*10%, VSS=0V, VBB=—5V+10%)

Symbol HM4716A-1 | HM4716A-2 | HM4716A-3 | HM4716A4 .
Parameter - - - - Units Notes
O1d New min. | maX. |min. | max. |min. | max. |min. | max.
Random Read or Write Cycle Time trRC TRELREL | 320 - 320 — 375 — 410 — ns
Read-Write Cycle Time trwe |TRELREL | 320 — 320 — 375 — 515 — ns
Page Mode Cycle Time tpc TCELCEL | 160 — 170 — 225 - 275 — ns
Access Time From RE trac |TRELQV - 120 | — 150 | — 200 | — 250 | ns |8,10
Access Time From CE tcac |TCELQV - 80 | — 100 | — 135 | — 165 ns 9,10
Output Buffer Turn-off Delay torr |TCEHQZ 0 35 0 50 0 60 0 70| ns 11
Transition Time (Rise and Fall) tr TT 3 35 3 35 3 50 3 50| ns 7
RE Precharge Time tRP TREHREL | 100 - 100 - 120 - 150 - ns
RE Pulse Width tras |TRELREH | 120 |10000 | 150 [10000 | 200 |10000 | 250 |[10000 | ns
RE Hold Time trsH | TCELREH 80 - 100 — 135 - 165 — ns
CE Pulse Width tcas |TCELCEH 80 {10000 | 100 |10000 | 135 |10000 | 165 10000 | ns
CE Hold Time tcsH |TRELCEH | 120 - 150 — 200 - 250 - ns
RE to CE Delay Time trep | TRELCEL 15 40 | 25 50 | 30 65 | 40 85| ns 12
CE to RE Precharge Time tcrp |TCEHREL 0 - -20 — -20 — -20 - ns
Row Address Set-up Time tasr |TAVREL 0 - 0 — 0 - 0 - ns
Row Address Hold Time traH |TRELAX 15 - 20 - 25 - 35 — ns
Column Address Set-up Time tASsc TAVCEL -5 - -5 - -5 - -5 - ns
Column Address Hold Time tcag |TCELAX 40 - 45 - 55 - 75 - ns
Column Address Hold Time Reference to RE | tar TRELAX 80 - 95 — 120 - 160 — ns
Read Command Set-up Time tRCS TWHCEL 0 - 0 - 0 - 0 - ns
Read Command Hold Time trcy | TCEHWL 0 - 20 - 20 - 20 - ns
Write Command Hold Time twen | TCELWH 40 - 45 — 55 — 75 - ns
Write Command Hold Time Referenced RE twcr | TRELWH 80 - 95 - 120 - 160 - ns
Write Command Pulse Width twp TWLWH 40 - 45 — 55 - 75 - ns
Write Command to RE Lead Time trwr | TWLREH 50 - 60 — 80 - 100 - ns
Write Command to CE Lead Time tcwrL |TWLCEH 50 - 60 - 80 - 100 - ns
Data-in Set-up Time tDS TDVCEL 0 - 0 - 0 - 0 - ns 13
Data-in Hold Time tDH TCELDX 40 - 45 - 55 - 75 - ns 13
Data-in Hold Time Referenced RE tpgr | TRELDX 80 - 95 - 120 - 160 - ns
Sﬁlg;echarge Time (for Page-mode Cycle tep TCEHCEL 60 _ 60 _ 80 _ 100 _ ns
Refresh Period trer | TRVRV - 2| - 2 - 2 — 2 | ms
W Command Set-up Time twes | TWLCEL 0| - |-20| - |=20| - |-20] - ns | 14
CE to RE Delay tcwp |TCELWL 60 | - 70 [ - 95| - 125 | - ns | 14
RE to W Delay trwp |TRELWL [100 | - [120| - |160| - [200]| - ns | 14
RE Precharge to CE Hold Time trpc | TREHCEL 0| - 0 - 0 - 0 - ns
AC ELECTRICAL CHARACTERISTICS
Parameter Symbol typ. ’ max. Units Notes
Input Capacitance (A0-A6, D) ci - 5 pF 15
Input Capacitance RE, CE, W CIl2 — 10 pF 15
Output Capacitance (Q) cQ — 7 pF 15, 16
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4,
HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

s TIMING WAVEFORMS

e READ CYCLE

RE VIHC
VIL
— VIHC
CE VIL
VIH
ADDRESSES
vIL
— VIHC
w VIL .
VOH
VoL
Q

TRELREL. -
TRELREH
\ TRELAX
\\
TRELCEH TREHREL
TRELCEL TCELREH |~—TCEHREL
\ TCELCEH / 7
N /)
TRELA X TAVCEL
AVEED TCELAXH
ROW COLUMN
ADDRESS ADDRESS

e WRITE CYCLE (EARLY WRITE)

VIHC
VIL

VIHC
VIL

VIHC
ADDR
ESSES VIL

VIHC
VIL

VIH
VIL

=)

VOH
VOL

88

TWHCEL1——— — TCEHWL
TCELQV
TRELQV — TCEHQZ
7 VALID
OPEN \ DATA
TRELREL- |
TRELREH
N\ TRELAX
K
TCELREH TREHREL
TRELCEH
TRELCEL TCELCEH [-—TCEHREL

p

N\

X

/

-

L YY)
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4,

HM4716AP-1, HM4716AP- 2, HM4716AP-3, HM4716AP-4

READ-WRITE/READ-MODIFY-WRITE CYCLE

TRELRELRW
TRELREH
. VIHC 5\ TRELAX —
RE VIL -
TCELREH
TRELCEH
TRELCEL TCELCEH
—_ VIHC 4
cE VIL \ \R /|
TAVREL| |TRELAX, TAVCEL
o2y “H—  TcELAX]
VH ROW ) COLUMN 7, 7 e
wosesss 2 77X b WK 28 K
TRELWL l~—TWLCEH
TWHCEL TCELWL TWLREH
_ VIHC 7 ‘\
v VIL
e~ TWLWH
TCELQV —~|  |—TcEHQz
VOH N 7 VALID h
VoL OPE 4 DATA
TRELQV
TDVCEL LDX
[reeLoX,
VIH YALID
VIL

“RE ONLY” REFRESH CYCLE

TRELREL
TRELREH i
_ VIHC B L/ \
RE VIL X / —
- TRELAX L TREHREL
TAVREL ,
V1 W Yoy / / YISV
ADRESSES v / R W RESS :})@ N i
—+  |—TCEHREL — "‘TREHCEL
— VIHC ; | 77,
CE . / 7 /f‘ *%/ /] //
VIL .
Q VOH OPEN
VoL
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HM4716A-1, HM4716A-2,

HM4716A-3, HM4716A-4,

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

e PAGE MODE READ CYCLE

F TRELREH
RE VIHC Y~ TRELA X—|
VIL (¢
T
TRELCEH—] TCELREH TREHREL~
i TCELCEL — e
+—TRELCEL TCELCEH l~——TCELCEH |~—TCELCEH TCEHREL
CE VIHC \ 4 ‘\
VIL \\
TRELA X T TCELA
CELAX CELAX CELAX
TAVREL—~| |-+ —f |~ TAVCEL - TAVCEL -
I
VIHC ROW coL coL ) coL
ADDRESSES (' ADD ADD ADD / ADD A
LvTCELQV———‘ PTCELQV -—rceLav
TRELQV TCEHQZ TCEHQZ -TCEHQZ
VOH
Q
VoL OPEN
TWHCEL
TWHCEL={ - TCEHWL —|\-— TCEHWL~ |-
- VIHC/
YW / 4 N,
e PAGE MODE WRITE CYCLE
- TRELREH
_ B [—TRELAX—-
o VIHC N
VIL X . 4
A
TRELCEH—] TCELREH—~ |TREHREL
TCELCEL |
S iy SR — — R e T
|~ TRELCEL| TCELCEH ~ |3, TCELCEH TCELCEH CEHREL
Y g
- VIHC /7
CE VIL 7/ K / /
TRELAX
f=— TCELA X TCELAX TCELAX
TAVREL# nE ~-TAVCEL AVCEL TAVCEL41 L
VIH RO COL coL coL
ADDRESSES |’ m ADD ADD ADD ADD /
[TCELWH TCELW
TWLCEH— TWLCEH— TWLCEH
KR /i, S ), W/m J//////////
VIL K Z > K /.
| [[TWLWH L TWLwWH-] L TwLwh~
~TRELWH [~ ——TWLREH:
’I‘DVWL —TWLDX TDVWL l—TWLDX TDVWL [ TwLpx
D VIH 7 VALID VALID ’ VALID
VIL DATA DATA DATA
e TRELDV-
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4,
HMA4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4

®= TYPICAL CHARACTERISTICS

ACCESS TIME (NORMARIZED) vs. VDD ACCESS TIME (NORMARIZED) vs.Vgg
1.2 1.2 O
Tj=50C Tj=50C
§ 11 \ % o
H 5
2 1.0 Z 1.0
: ;
g =)
E 0.9 e 0.9
0.8 0.8
10 11 12 13 14 =3 -4 -5 -6 -7
Supply Voltage VDD (V) Supply Voltage VBB(V)
ACCESS TIME (NORMARIZED ) vs. Tj IDDI vs. Vpp
1.2 ~ 30
T Tj=50C
~ / é TRELREL
9 — N
81 a o5 _A =375 ns
) M /
g o 7
g Lo 5 TRELREL
= * =500 ns 1
> - /
=4 B /
] a
g 0 a 15
Z 0.9 t——="TRELREL
) % ‘/ =800 ns
5 - |
>
0.8 < 1010 11 12 13
—10 20 50 80 11 14
Junction Temperature Tj (°C) Supply Voltage VDD (V)
IDDl s, Tj IDDI vs. CYCLE RATE
QE\ % \T\\L :-:E\ “ VDD=13 £v
~ | vpp=13.2v TRELREL = | 1j=50C
8 =375ns 8 L~
8 2 —+ = 30 .
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S 2 =500 ns O 20 //
> 2
a 2 A
5 10,
s ! TRELREL S
] =800 ns s
Q L
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< 10 <
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Junction Temperature Tj(°C) Cycle Rate (1/TRELREL) (MHz)
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HM4716A-1,HM4716A-2,HM4716A-3,HM4716A-4

HM4716AP-1,HM4716AP-2,HM4716AP-3,HM4716AP-4

Standby Supply Current IDD2 (mA)

RE Only Supply Current IDD3 (mA)

Page Mode Supply Current IDD4 (mA)

©
N

IDD2 (STANDBY) vs. VDD

Tj=50"C

0.8
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0.4
10 11 12 13 14

Supply Voltage VDD (V)
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HM4716A-1,HM4716A-2,HM4716A-3,HM4716A-4

HM4716AP-1,HM4716AP-2,HM4716AP-3,HM4716AP-4

CLOCK INPUT LEVELS vs. VDD

2.5
Tj=50C
VBB=—-5V VIHC(MIN)
/’—
2.0
c—
1.5
—
—_— VILC(MAX)
1.0
0.5
10 11 12 13 14
Supply Voltage VDD (V)
CLOCK INPUT LEVELS vs. Tj
2.5 T
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1.5 =
VILC(MAX)
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-10 20 50 80 110
Junction Temperature Tj (°C)
ADDRESS AND DATA INPUT
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2.

2.

Input Level (V)

2.5
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HM4716A-1,HM4716A-2,HM4716A-3,HM4716A-4

HM4716AP-1,HM4716AP-2,HM4716AP-3,HM4716AP-4
= CURRENT WAVEFORMS

OW!
mf ™

DD
(mA)

IBB
(mA)

94
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NOTE : VDD =13.2V, VBB =-4.5V, Ta=25C
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HM4716A-1,HM4716A-2,HM4716A-3,HM4716A-4

HM4716AP-1,HM4716AP-2,HM4716AP-3,HM4716AP-4

APPLICATION INFORMATION

»READ CYCLE;

A read cycle begins with addresses stable and a negative going
ransistion of RE. The time delay between the stable address
ind the start of RE-on is controlled by parameter TAVREL.
‘ollowing the time when RE reaches its low level, the row
ddress must be held stable long enough to be captured.

“his controlling parameter is TRELAX. Following this inter-
al, the address can be changed from row address to column
ddress.

Vhen the column address is stable, CE can be turned on.

“he leading edge of CE is controlled by parameter TRELCEL.
“he basic limit on the CE leading edge is that CE cannot start
intill the column address is stable, and this is controlled by
rarameter TAVCEL.

‘he column address must be held stable long enough to be
aptured.

‘he controlling parameter is TCELAX. Note that TRELCEL-
max) is not an operating limit of the HM4716A though its
pecification is listed on the data sheets. If CE becomes on
ater than TRELCEL(max), the access time from RE will be
1creased by the time which TRELCEL exceeds TRELCEL-
max).

‘ollowing the time when CE reaches its low level, the data-out
in remains in a high impedance state until a valid data
ppears. This parameter is TCELQV-access time from CE. The
ccess time from RE-TRELQV-is the time from RE-on to valid
.. The minimum value of TRELQV is derived as the sum of
‘RELCEL(max) and TCELQV. The selected output data is
eld valid internally untill CE becomes high, and then Q pin
ecomes high impedance. This parameter is TCEHQZ.

WRITE CYCLE;

\ write cycle is performed by bringing W low before or during
‘E-on.

‘wo different write cycles can be defined as;

Irite cycle — Write data are available at the beginning of the
‘E-on so that the write operationstarts at the beginning. In
1is mode, D and W signal times are not in any critical path for
etermining cycle time

ollowing the time when W reaches its low level. W must be
eld stable long enough to be captured. This W-on pulse
uration is called TWLWH.

he time required to capture write data in a latch is called
WLDX.

his cycle is called an “‘early write”

‘iead Write cycle — This cycle starts as a read cycle, but as
>on as the device specification is met, a write cycle is
ritiated. W and D are delayed until after Q. This cycle is
illed a “‘delayed write”. A “Read-modify-write’’ cycle is a
ariation of this operation. In this mode, D and W become
“itical path signals for determining cycle time.

® CLOCK-OFF TIMING;

RE and CE must stay on for Q stabilized to valid data. In the
case of CE, this is controlled by parameaer TCELCEH(min). In
the case of RE, this controlled by parameter TCELREH(min).
Following the end of RE, CE must stay off long enough to
precharge internal circuits. The only parameter of concern is
TREHREL.

Normally CE is not required to be off for a minimum time of
TCEHREL.

However, in a page mode memory operation, there is a
TCEHCEL(min) specification to control the CE-off time.

© DATA OUTPUT;

Q is three-state TTL compatible with a fan-out of two
standard TTL loads. o
When CE is high, Q is in a high impedance state. When CE is
low, valid data appears after TCELQV at a read cycle, and Q is
not valid at an early-write cycle.

® REFRESH;

Refresh of the HM4716A is accomplished by performing A
memory cycle at each of the 128 row addresses within each
two millisecond time interval.

Any cycle in which RE signal occurs refreshes the entire
selected row.

RE-only refresh results in substantial reduction in operating
power.

This reduction in power is reflected in the IDD3 specification.

® PAGE MODE;

Page mode operation allows faster successive memory opera-
tions at multiple column locations of the same row address
with increased speed.

This is done by strobing the row address into the chip and
maintaining RE at a logic low throughout all successive CE
memory cycles in which the row address is latched. As the
time normally required for strobing a new row address is
eliminated, access and cycle times can be decreased and the
operating power is reduced. These are reflected in the
TCELQV, TCEHCEL, IDD4 specifications.
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HMA4816

16384-word X 1-bit Dynamic Random Access Memory

The HM4816 is a new generation MOS dynamic RAM cireuit organized as
16,384 words by 1 bit. As a state-of-the art MOS memory device, the HM4816
(16K RAM) incorporates advanced circuit techniques designed to provide wide
operating margins, both internally and to the system user, while achieving
performance levels in speed and power previously seen only in MOSTEK's high
performance MK4027 (4K RAM).
The technology used to fabricate the HM4816 is HITACHI's double-poly,
N-channel silicon gate process.
This process, coupled with the use of a single transistor dynamic storage cell
provides the maximum possible circuit density and reliability, while maintaining
high performance capability.
The use of dynamic circuitry throughout, including sense amplifiers, assures that
power dissipation is minimized without any sacrifice in speed or operating margin.
These factors combine to make the HM4816 a truly superior RAM product.
Multiplexed address inputs (a feature pioneered by MOSTEK for its 4K RAM:s)
permits the HM4816 to be packaged in a standard 16-pin DIP.
This recognized industry standard package configuration, while compatible with
widely available automated testing and insertion equipment, provides highest
possible system bit densities and simplifies system upgrade from 4K to 16K RAMs
Non-critical clock timing requirements allow use of the multiplexing technique
while maintaining high performance.
us FEATURES
® Single 5V supply
® |ow power standby and operation

(Standby: 55mW max, operation: 440mW max)
® Fast access time & cycle time

(access time: 100ns max, cycle time: 200ns min)
® Directly TTL compatible: All inputs & outputs
® Output data controlled by CAS and unlatched at end of cycle to allow two

dimensional chip selection and extended page boundary

® Common 1/O capability using “early write’’ operation
® Read modify write, RAS only refresh and page mode capability

(DC-16)

= PIN ARRANGEMENT
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= ABSOLUTE MAXIMUM RATINGS

HM4816

Item Symbol HM4816 Unit
Voltage on any pin relative to GND Vr —1.0~+7.0 \
Power supply voltage relative to GND Vee —0.5~+7.0 \
Short-circuit Output Current Tout 50 mA
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0~+70 °c
Storage Temperature Tstg —65~+150 °C
= RECOMMENDED DC OPERATING CONDITIONS
Item Symbol min. typ. max. Units Notes
Suppl It Vee 4.5 5.0 5.5 \% 1
upply voltage
Vss 0 0 0 \% 1,2
Input high(logic 1) voltage RAS, CAS, WE Vine 2.7 — 6.0 \% 1
Input high(logic 1) voltage except RAS, CAS, WE Vin 2.7 — 6.0 \Y% 1
Input low(logic 0) voltage all inputs Vi -1.0 — 0.8 v 1
Notes: 1. All voitages referenced to Vgg.
2. Output voltage will swing from Vgg to V¢ when activated with no current loading.
= DC ELECTRICAL CHARACTERISTICS
Item Symbol Test Conditions min. typ. max. Unit
Operating current Icc RAS, CAS cycling, trce=200ns, Note 2 —_ — 80 mA
Standby current Icc: RAS=Vic, Dout =high impedance — — 10 mA
Refresh current Iccs RAS cycling, CAS=Vic;trc=200ns — — 55 mA
Page mode current Iccs RAS=Vi., CAS cycling, t c=120ns; Note 2 — —_ 55 mA
Input leakage current Ircw Viv=0 to 6V, all other pins=0V —10 — 10 MA
Output leakage current Tocw Vour=0 to 5.5V, Dout is disabled —10 — 10 MA
Output high voltage Vou Note 1, Ioue=—5mA 2.4 - Vee \Y
Output low voltage Vor TIour=4.2mA - — 0.4 Y
Notes: 1. Output voltage will swing from Vgg to Ve when 2. Icct and Iccq depend upon output loading. During

activated with no current loading.

readout of high level data V¢ is connected through a
low impedance (135Q typ) to data out. At all other
times Icc consists of leakage currents only.

GO HITACHI
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HM4816

m A.C. ELECTRICAL CHARACTERISTICS (Ta=0 to 70C, Vcc=5.0V+10%)

Item Symbol min. typ. max. Unit Note
Random read or write cycle Time tre 200 — — ns 3
Read-write Cycle Time trwe 200 — — ns 3
Page Mode Cycle Time trc 120 — — ns
Access Time from RAS trac — — 100 ns 4,6
Access Time from CAS tcac - - 65 ns 5,6
Output Buffer Turn-off Delay torr 0 — 25 ns 7
Transition Time (rise & fall) tr 3 — 25 ns 2
RAS Precharge trp 65 — — ns
RAS Pulse Width tras 100 — 10000 ns
RAS Hold Time trRsH 65 - - ns
CAS Pulse Width teas 65 — 10000 ns
RAS to CAS Delay Time trco 15 — 35 ns 8
CAS to RAS Precharge Time tcre 40 — — ns
Row Address Set-up Time tasr 0 — — ns
Row Address Hold Time tran 15 — — ns
Column Address Set-up Time tasc 0 — — ns
Column Address Hold Time tcan 35 - — ns
Column Address Hold Time reference to RAS tan 70 — — ns
Read Command Set-up Time tres 0 — — ns
Read Command Hold Time trcn 10 — — ns
Write Command Hold Time twen 40 - - ns
Write Command Hold Time reference to RAS twcr 75 - — ns
Write Command Pulse Width twp 30 — — ns
Write Command to RAS Lead Time tRwWL 45 - — ns
Write Command to CAS Lead Time towe 45 - — ns
Data-in Set-up Time tos 0 — — ns 9
Data-in Hold Time ton 40 — — ns 9
Data-in Hold Time reference to RAS toxr 75 - - ns
CAS Precharge Time (for page mode cycle only) tcep 40 — — ns
Refresh Period tREF — — 2 ns
WE Command Set-up Time twes —10 — — ns 10
CAS to WE Delay tcwn 45 — — ns 10
RAS to WE Delay trwD 80 — — ns 10
‘CAS Hold Time tesu 100 - - ns

NOTES:
1. AC measurements assume tT = 5ns.

2. Viyclmin) or Vi (min) and V)| (max) are reference levels for

No o

98

measuring timing of input signals. Also transition times are
measured between V¢ or V| and V).

. The specification for trc (min) and tRwc (min) are used only

to indicate cycle time at which proper operation over the full
temperature range (0°C + T, < 70°C) is assured.

. Assumes that tRcp < tRcp (max.). If tRep is greater than the

maximum recommended value shown in this table, trac will
increase by the amount that tycp exceeds the value shown.

. Assumes that tRcp 2 tRcp (max).
. Measured with a load equivalent to 2 TTL loads and 100pF.
. toFF (max) defines the time at which the output achieves the

open circuit condition and is not referenced to output voltage
levels.

8. Operation within the tycp (max) limit insures that tg o (max)

can be met, trcp (max) is specified as a reference point only;
if tRCcp is greater than the specified trcp (max) limit, then
access time is controlled exclusively by tcaC.

. These parameters are referenced to CAS leading edge in early

write cycles and to WE leading edge in delayed write or read-
modify-write cycles.

10.twcs. tcwp and tRwp are not restrictive operating parameters.

They are included in the data sheet as electrical characteristics
only; If twcs 2 twcs (min), the cycle is an early write cycle
and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; If towp = tcwp (min) and trwp
Z tgwp (min), the cycle is a read-write cycle and the data out
will contain data read from the selected cell; If neither of the
above sets of conditions is satisfied the condition of the data out
(at access time) is indeterminate.
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= CAPACITANCE

(Ta=0 to 70C, Vcc=5.0V+10%)

HM4816

Item Symbol min typ. max. Unit Note
Input Capacitance (Ao to As), Din Cn — 4 6 pF 1
Input Capacitance RAS, CAS, WE Crz — 5 7 pF 2
Output Capacitance (Dout) Co — 5 7 pF 2,3

Notes:

1. Effective capacitance calculated from the equation

C = l°At/AV with AV = 3V and power supplies at

nominal levels.

e READ CYCLE

2. CAS = V¢ to disable Doy.

-]
tha
— —_— - ]
RAS N "
N 7
tRp—— -
terL
" tckp
. tea
TAS \ /
tCSH ——————
1ASR {RAH tasc
ot oy R S —
Address S Row Address Q Column Address
/X S
—]
WE
teac
toFF
tRAC —— -
Dout w, Valid Data . >—*
Open }
e WRITE CYCLE
tRA
. T
RAS 'g N
. A
H R p————
tcry
~ b — pra— [CRL
4
CAS \ | /
1ASR tRAH tasc tcAH
| ]
Address
[ C
WE / G
tos D
Din Valid Data
Open
Dout
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HM4816

® READ-WRITE/READ-MODIFY-WRITE CYCLE

At
—_ 4 AR -
RAS f \
A e tp ]
tcr tcrp
as o]
N / S
CAS \ \qr Z /
tRAH tasc
task - - -LC A~
L
Low Column Address |
Address Address olumn Address
f-——tcu L — =]
po——— [RWL®
R
" SJ
[ tuy tor¥
4c —e ]47
Open £
Dout Valid Data
jt
AC
ton
1DS fma-amt ‘—"
Din >§ Valid Data }( Dol

® RAS-ONLY” REFRESH CYCLE

RAS

Address

Dout
Note: CAS

100

~tRAH A
T 1ASR
ERREEN Row Address LTl -

Open

= Vinc
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® PAGE MODE READ CYCLE

— Vine

ta—trCD: toAs——am{ |tcp o f—tcas p——tC 45 tcr
o Ve 3 '_’\
N Vie \ S i i -

o 1

4
wl

[
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{ tRAH e L pom——amd 10 AH
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-4 ~ B
Row = col X col Y :)" &;l K
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zm‘s—-—' f— trew — rv— tren—e-] H tRCH —= !‘*
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® PAGE MODE WRITE CYCLE
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!
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HM4864-2, HM4864-3

65536-word X 1-bit Dynamic Random Access Memory

The HM4864 is a 65,536-words by 1-bit, MOS random access memory circuit
fabricated with HITACHI’s double-poly N-channel silicon gate process for high
performance and high functional density. The HM4864 uses a single transistor
dynamic storage cell and dynamic control circuitry to achieve high speed and low
power dissipation.

Multiplexed address inputs permit the HM4864 to be packaged in a standard 16 pin
DIP on 0.3 inch centers.

This package size provides high system bit densities and is compatible with widely
available automated testing and insertion equipment. System oriented features
include single power supply of +5V with £10% tolerance, direct interfacing capabili-
ty with high performance logic families such as Schottky TTL, maximum input
noise immunity to minimize “‘false triggering’” of the inputs, on-chip address and
data registers which eliminate the need for interface registers, and two chip select
methods to allow the user to determine the appropriate speed/power characteristics
of this memory system. The HM4864 also incorporates several flexible timing/oper-
ating modes.

In addition to the usual read, write, and read-modify-write cycles, the HM4864 is
capable of delayed write cycles, page-mode operation and RAS-only refresh.

Proper control of the clock inputs (RAS, CAS, and WE) allows common 1/0O capa-
bility, two dimensional chip selection, and extended page boundaries (when operat-
ing in page mode).

m FEATURES

® Recognized industry standard 16-pin configuration

150ns access time, 270ns cycle (HM4864-2)

200ns access time, 335ns cycle (HM4864-3)

Single power supply of +5V+10% with a built-in ¥gp generator

Low Power; 330 mW active. 20 mW standby (max)

The inputs TTL compatible, low capacitance, and protected against static charge
Output data controlled by CAS and unlatched at end of cycle to allow two
dimensional chip selection and extended page boundary

Common 1/0 capability using ‘‘early write’’ operation

Read-Modify-Write, RAS-only refresh, and Page-mode capability

® 128 refresh cycle

® FUNCTIONAL DIAGRAM

B % W Clock m
Generator

=]

RS g Da
RAS Memory | | 2| | Memory Boffer [0 Din
Array 2| | Array
F15 o CAS Clack Row D b Row | Data out
T35 Gonrnir N < X Y e el
5 Memary
| Array -—0 Vi
A e -0 ¥sy
| Memory
S v Z Array
< 2 Row Dec. Row Dec.
s :f V\:‘emurv . h;lemnry
7 3 =
z/ -
Ao ﬁ

Note) The specifications of this device are subject to change without notice. Please contact

your nearest Hitachi’s Sales Dept. regarding specifications.
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(DC-16)

= PIN ARRANGEMENT

16 | Vss

DmE 15 | CAS
WE 14 | Dout
RTSE E,‘\i
-\A)E E:\:
-\zE 11| A
A.E 10 As
we[3] ol

(Top View)

o

A,-A, Address Inputs

CAS Column Address Strobe

Din Data In

Dout Data Out

RAS Row Address Strobe

WE Read/Write Input

Vee Power (+5V)

Vss Ground

A,-A, | Refresh Address Strobe




HM4864-2, HM4864-3

® ABSOLUTE MAXIMUM RATINGS

Voltage on any pinrelativeto Vss . .. ... ..o iin ... —1.0to +7V
Operating Temperature, Ta (Ambient) . ... .........'o'ournns 0to +70°C
Storage Temperature (Ambient) . ... ..........ccuuuu.... —65 to +150°C
Shortcircuit Output Current . ... ... oot e e 50 mA
Power Dissipation . . .. ... . e e TwW

® RECOMMENDED DC OPERATING CONDITIONS (7T, =0 to +70°C)

Parameter Symbol min. typ. max. Unit Notes
Vee 4.5 5.0 5.5 \Y%
Supply V. 1
upply Voltage Vs 0 ) 0 v
Input High Voltage Vi 2.4 — 6.5 v 1
Input Low Voltage ViL -1.0 - 0.8 N4 1
® DC ELECTRICAL CHARACTERISTICS (7, =0 to +70°C, Voo = 5V£10%, Vss = 0V)
Parameter Symbol min. max. Unit Notes
OPERATING CURRENT
Average Power Supply Operating Current (RAS, CAS Cycling; f gc=min.) Icci - 60 mA 2,4
STANDBY CURRENT
Power Supply Standby Current (RAS = Vg, Dout = High Impedance) Icc2 - 3.5 mA
I;EFRES;-I CUI;RENT Mod
verage ower ly Current, Refresh Mode _
(RAS Cycling, Cﬁp VIH; tRC = min.) lees 45 mA
l:\AGE MIS)DE CURREIgul‘ 4o O .
verage Power Supply Current, Page-mode Operation _
(RAS = Vi1, CAS Cycling; fpc = min.) feca 43 mA 4
;NPUT LEAKAGE
nput Leakage Current, any Input (Vin = 0 to +6.5V, all other pins _
not under test = 0V) L 10 10 A
OUTPUT LEAKAGE
Output Leakage Current (Doyt is disabled, Vout = 0 to +5.5V) IoL -10 10 BA 3
OUTPUT LEVELS
Output High (Logic 1) Voltage (Jout = —5mA) VoH 2.4 Vee v
Output Low (Logic 0) Voltage (lout = 4.2mA) Yor 0 0.4 \%
NOTES
1. All voltages referenced to Vgs.
2. Icc depends on output loading condition when the device is select-
ed. Icc max. is specified at the output open condition.
3. IoL consists of leakage current only,
4. Current depends on cycle rate: maximum current is measured at the
fastest cycle rate.
= AC ELECTRICAL CHARACTERISTICS
Parameter Symbol typ. max. Unit Notes
Input Capacitance (A, -A,, Din) Cin1 - 7 pF 1
Input Capacitance (RAS, CAS, WE) Cin2 - 10 pF 1
Output Capacitance (Dgyt) Cout — 7 pF 1,2
NOTES
1. Capacitance measured with Boonton Meter or effective capacitance
measuring method,
2, CAS = VI to disable Dout.
@ HITACHI 103



HM4864-2, HM4864-3

s ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONSY): 2

(Ta =0 to +70°C, Vec = 5V£10%, Vss =0V)

Parameter Symbol - HM4864-2 - HM4864-3 Unit Notes
min. max. min. max.

Random Read or Write Cycle Time trC 270 — 335 = ns
Read-Write Cycle Time tRWC 270 — 335 — ns

Page Mode Cycle Time tpc 170 - 225 - ns

Access Time from RAS tRAC - 150 - 200 ns 4,6
Access Time from CAS tcac - 100 - 135 ns 5,6
Output Buffer Turn-off Delay tOFF 40 0 50 ns 7
Transition Time (Rise and Fall) tr 3 35 3 50 ns 3
RAS Precharge Time tRP 100 - 120 — ns

RAS Pulse Width IRAS 150 10000 200 10000 ns

RAS Hold Time tRSH 100 - 135 - ns

CAS Pulse Width tcas 100 - 135 - ns

CAS Hold Time tcsH 150 - 200 - ns

RAS to CAS Delay Time tRCD 20 50 25 65 ns 8
CAS to RAS Precharge Time tCRP -20 — -20 - ns

Row Address Set-up Time tASR 0 - 0 - ns

Row Address Hold Time tRAH 20 — 25 - ns

Column Address Set-up Time tasc -10 - -10 - ns

Column Address Hold Time tCAH 45 — 55 - ns

Column Address Hold Time referenced to RAS tAR 95 — 120 — ns

Read Command Set-up Time tRCS 0 - 0 - ns

Read Command Hold Time tRCH 0 - 0 - ns

Write Command Hold Time tWCH 45 — 55 - ns

Write Command Hold Time referenced to RAS twCR 95 - 120 - ns

Write Command Pulse Width twp 45 - 55 - ns

Write Command to RAS Lead Time tRWL 45 - 55 - ns

Write Command to CAS Lead Time tCwL 45 — 55 - ns

Data-in Set-up Time tDs 0 - 0 - ns 9
Data-in Hold Time tDH 45 - 55 — ns 9
Data-in Hold Time referenced to RAS tDHR 95 - 120 - ns

CAS Precharge Time (for Page-mode Cycle Only) tcp 60 - 80 - ns

Refresh Period !REF - 2 — 2 ms

WE Command Set-up Time twes -20 - -20 - ns 10
CAS to RAS Delay tcwD 60 - 80 - ns 10
RAS to WE Delay tRWD 110 - 145 - ns

RAS Precharge to CAS Hold Time tRPC 0 - 0 - ns

NOTES

1.AC measurements assume T = 5ns.

2.8 cycles are required after power-on or prolonged periods (greater
than 2ms) of RAS inactivity before proper device operation is
achieved. Any 8 cycles which perform refresh are adequate for this
purpose.

3.V (min) and Vi (max) are reference levels for measuring timing
of input signals. Also, transition times are measured between Vi
and VL.

4.Assumes that fRCD = tRcD (max). If tRCD is greater than the maxi-
mum recommended value shown in this table, frRAC exceeds the
value shown.

5. Assumes that tRcD = tRcD (max).

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

7.torF (max) defines the time at which the output achieves the open
circuit condition and is not referenced to output voltage levels.

8.0peration with the trcp (max) limit insures that trac (max) car
be met trcp (max) is specified as a reference point only; if tRCD it
greater than the specified fRCD (max) limit, then access time i
controlled exclusively be IcAc.

9.These parameters are referenced to CAS leading edge in early writi
cycles and to WE leading edge in delayed write or read-modify-writt
cyeles,
10.twcs, tcwp and tRwp are not restrictive operating parameters
They are included in the data sheet as electrical characteristics only
if twes = twes (min), the cycle is an early write cycle and the dat:
out pin will remain open circuit (high impedance) throughout thi
entire cycle; if tcwp = tcwp (min) and tRwD = tRwD (min) the
cycle is a read/write and the data output will contain data read fron
the selected cell; if neither of the above sets of conditions is satisfiec
the condition of the data out (at access time) is indeterminate.
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= TIMING WAVEFORMS

e READ CYCLE

e WRITE CYCLE

® READ-WRITE/READ-MODIFY-WRITE CYCLE
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HM4864-2, HM4864-3

e “RAS-ONLY” REFRESH CYCLE
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e PAGE MODE READ CYCLE

|

o
5
@

Ie]
iSS
2

Address

Dout

Open

- —
tha
Vig: T
N
Vie “te
tpC
btk 1A=l o tcpa] ft——tC.
Vi Z \
Vie \ A I~
ool than| el ican Fe—{tcan
i TASC —w] fea—

Vin

Col
Add

- f—txes
B r— tRCH—= I‘—

® PAGE MODE WRITE CYCLE
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M4864-2, HM4864-3

TYPICAL CHARACTERISTICS

ACCESS TIME
vs. SUPPLY VOLTAGE
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HM4864-2, HM4864-3

SUPPLY CURRENT SUPPLY CURRENT SUPPLY CURRENT
vs. CYCLE RATE vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE
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= APPLICATION INFORMATION

e POWER ON

An initial pause of 500 us is required after power-up followed
by a minimum of eight (8) initialization cycles (any combina-
tion of cycles containing a RAS clock such as RAS-only re-
fresh) prior to normal operation.

The Ve current (Icc) requirement of the HM4864 during
power on is, however, dependent upon the input levels (RAS,
CAS) and the rise time of Vcc, as shown in Fig. 1.

® READ CYCLE

A read cycle begins with addresses stable and a negative going
transition of RAS. The time delay between the stable address
and the start of RAS-on is controlled by parameter f4sg.
Following the time when RAS reaches its low level, the row
address must be held stable long enough to be captured. This
controlling parameter is fram. Following this interval, the
address can be changed from row address to column address.
When the column address is stable, CAS can be turned on. The
leading edge of CAS is controlled by parameter trcp. The
basic limit on the CAS leading edge is that CAS can not start
untill the column address is stable, and this is controlled by
parameter fasc. The column address must be held stable long
enough to be captured. The controlling parameter is fcan.
Note that trcp (max) is not an operating limit of the HM4864
though its specification is listed on the data sheets. If CAS be-
comes on later than frcp (max), the access time from RAS
will be increase by the time which trcp exceeds trep (max).
Following the time when CAS reaches its low level, the data-
out pin remains in a high impedance state until a valid data
appears. This parameter is cac-access time from CAS.

The access time from RAS-trac-is the time from RAS-on to
valid Dout,

The minimum value of trac is derived as the sum of trcD
(max) and tcac.

The selected output data is held valid internally until CAS
becomes high, and then Dout pin becomes high impedance.
This parameter is torr.

Vee W)

15

10

=Vss

Icc (mA)

RAS, CAS=

Vee

10 20
Time (us)

tr (Ve rise time) = 10us

30

40

Vee (V)

15

10

RAS, CAS

=Vss

Icc (mA)

RAS,CAS

=Vcc

|

|

100 200 300

Time (us)

400

tr (Ve rise time) = 100us

Fig. 1 Typical Icc vs. V¢ during power up.
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HM4864-2, HM4864-3

e WRITE CYCLE

A write cycle is performed by bringing WE low before or dur-
ing CAS-on.

Two different write cycles can be defined as;

Write cycle-Write data are available at the beginning of the
‘CAS-on so that the write operation starts at the beginning. In
this mode, Dout and WE signal times are not in any critical
path for determining cycle time.

Following the time when WE reaches its low level, WE must be
held stable long enough to be captured. This WE-on pulse de-
ration is called twp. The time required to capture write data in
alatch is called tpy. This cycle is called an ‘‘early write”’.

Read Write cycle- This cycle starts as a read cycle, but as soon
as the device specification is met, a write cycle is initiated.

WE and Din are delayed until after Dout. This cycle is called a
“delayed write’”’. A ‘‘Read-modify-write’’ cycle is a variation
of this operation. In this mode, Din and WE become critical
path signals for determining cycle time.

® CLOCK-OFF TIMING

RAS and CAS_must stay on for Dout stabilized to valid data.
In the case of CAS, this is controlled by parameter tc4g (min).
In the case of RAS, this is controlled by parameter trsy
(min). Following the end of RAS, CAS must stay off long
enough to precharge internal circuits. The only parameter of
concern is trp. Normally CAS is not required to be off for
minimum time of fcrp. However, in a page mode memory
operation, there is a fcp (min) specification to control the
CAS -off time.

® DATA OUTPUT

Dout is three-state TTL compatible with a fan-out of two
standard TTL loads.

When CAS is high, Dout is in a high impedance state. When
CAS is low, valid data appears after fc4c at a read cycle, and
Dout is not valid at an early-write cycle.

® REFRESH

Refresh of the HM4864 is accomplished by performing
memory cycle at each of the 128 row addresses within eac
two millisecond time interval.

AO to A6 are refresh address pin compatible with standar
16K RAM (HM4716A, HM4816). Any cycle in which RA?
signal occurs refreshes the entire selected row. RAS-onl
refresh results in substantial reduction in operating powe!
This reduction in power is reflected in the Iccs specification.

e PAGE MODE

Page mode operation allows faster successive memory operi
tions at multiple colum locations of the same row address wit
increased speed.

This is done by strobing the row address into the chip an
maintaining RAS at a logic low throughout all successive CA!
memory cycles in which the row address is latched. As th
time normally required for strobing a new row address
eliminated, access and cycle times can be decreased and th
operating power is reduced. These are specifications.
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HN462316EP

2048-word X 8-bit Mask-Programmable Read Only Memory

The HN462316EP is a mask-programmable, byte-organized memory designed for

use in bus-organized systems.

To facilitate use, the device operates from a single power supply, has compatibility
with TTL and DTL, and requires no clocks or refreshing because of static

operation.

Memory expansion is provided through multiple Chip Select inputs. The active level
of the Chip Select inputs and the memory content are to be defined by the

customer.

= FEATURES

i

® Three-state Data Output
® Three Chip Select Inputs (Programmable)
® Single 5V Power Supply (DP-24)
® TTL Compatible
® Maximum Access Time; 350ns = PIN ARRANGEMENT
® N-channel Si Gate MOS Technology —
® EPROM/ROM Pin Compatible for Cost-Effective System Development A7E 24 Vec
= BLOCK DIAGRAM A2 234,
A5E EA«)
Ay, — A4 Zi] cs,
A, — D,
A, — gl A’E ECS‘
A, — Memory . 2 A,l6 19|A
A: —| Address Matrix ::B\Snt'?: 33 AIE ] .
A; ——| Decode (2,048 8) D: 'E ECS’
Ay — Dj A"Iz ED'I
A, — D, )
Ay ——o ? 0[_?. EDo
o b, o,
oo D.[L] 14]D,
CS,* (Top View)
*Active level defined by the customer.
m ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Supply Voltage* Vee —0.3 to +7.0 v
Input Voltage* Vin —0.3 to +7.0 \%
Operating Temperature Range Topr —20 to +75 °C
Storage Temperature Range Tos —55 to +150 °C
*With respect to Vgg
= RECOMMENDED DC OPERATING CONDITIONS
Item Symbol min typ. max. Unit
Supply Voltage Vee 4.5 5 5.5 \%
Input Voltage | —0.3 — 0.8 v
Vin 2.0 — Vee v
Operating Temperature Top- —20 — 75 °C
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HN462316EP

m ELECTRICAL CHARACTERISTICS (Vec=5.0V£10%, Vss=0V, Ta=—20 to +75C unless otherwise noted)

Item Symbol Test Condition min. typ. max. Unit
Input High-level Voltage Vin — 2.0 — Vee \Y%
Input Low-level Voltage Viu — —0.3 — O.E \Y
Output High-level Voltage Vou Ton=—100 A 2.4 — — \Y
Output Low-level Voltage Vo To.=1.6mA — — 0.4 \Y%
Input Leakage Current I Via=0 to 5.5V — — 2.5 HA
Output High-level Leakage Current Tion Vour=2.4V, CS=0.8V, CS=2.0V — — 10 KA
Output Low-level Leakage Current IroL Vour=0.4V, CS=0.8V, CS=2.0V — — 10 MA
Supply Current Icc Vee=5.5V — 120 mA
Input Capacitance Cin V=0V, f=10MHz, Ta—25C - — 7.5 pF
Output Capacitance Cout V=0V, f=1.0MHz, Ta=25TC — 12.5 pF

s AC OPERATING CONDITIONS AND CHARACTERISTICS
e READ SEQUENCE

Item Symbol min. max. Unit
Cycle Time teve 350 — ns
Access Time tacc — 350 ns
Chip Select to Output Delay tco — 150 ns
Data Hold Time from Address toHA 10 — ns
Data Hold Time from Deselection tn 10 150 ns
teye
tacc
2.0V
Address ooy B
TSR ITTITIIP 5
C8 RIS 20V 0.8V RRRKICESEERLL
fco

Data Ou

® LOAD CIRCUIT

5.0V(Vee)

Rp=24k8

Test Point

130pF 11kQ

Notes: 1., =tf=20ns
2. Cy, includes jig capacitapce
3. All diodes are 152074
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HN46332P

4096-word X 8-bit Mask Programmable Read Only Memory

The HN46332P is a mask-programmable, byte-organized memory designed for
use in bus-organized systems. To facilitate use, the device operates from a single
power supply, has compatibility with TTL and DTL, and requires no clocks or
refreshing because of static operation.
The memory is compatible with the HMCS6800 Microcomputer Family, providing
read only storage in byte increments. Memory expansion is provided through
multiple Chip Select inputs. The active level of the Chip Select inputs and the

memory content are defined by the user.

s FEATURES
® Fully Static operation
® Three-State Data Output for OR-Ties
® Mask-Programmable Chip Selects for Simplified Memory Expansion (DP-24)
® Single + 5-Volt Power Supply
® Fully TTL Compatible = PIN ARRANGEMENT
® Maximum Access Time=350ns "
® N-Channel Si Gate MOS Technology A7[I 24)Vcc
® Pin Compatible with EPROMs AGE @ A8
s BLOCK DIAGRAM ASE 22] A9
A0 —] A4[4] [21) cs2
A1— DO
A2—| I~ D1 A3[5] 20] Cs1
AS—] Memory 3-State o2 A2[6] [19] A10
A5 Address (4096x8) Qutput D4 A1[7] (18] A11
A6——| Decode utters DS
A7 — D6 A0 E E D7
A8—] ———— D7 Do[9] [16] D6
Ao D1[i0f [15] 05
A11 p2[11] [12] D4
Vss[12 13| D3
Vcc =Pin 24 E
cs1* Vss=Pin 12 (Top View)
cs2* *Active level defined by the user.
s ABSOLUTE MAXIMUM RATINGS
Item Symbol Value | Unit
Supply Voltage* Vece —0.3to0 +7.0 \%
Input Voltage* Vin —031t0 +7.0 v
Operating Temperature Range Topr —20to +75 °C
Storage Temperature Range ‘ Tste —55 to +150 °c
*With respect to Vgg,
8 RECOMMENDED DC OPERATING CONDITIONS
Item Symbol min. typ. max. Unit
Supply Voltage Vee 4.5 5.0 55 \"
Input Voltage VL —03 — 0.8 v
Vin 20 - Vece \%
Operating Temperature Topr -20 - 75 °c
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HN46332P

m ELECTRICAL CHARACTERISTICS
(Vee = 5.0V £10%, Vss =0V, Ta = —20 to +75°C unless otherwise noted)

Item Symbol | Test Condition min. E typ. max. Unit
Input High-level Voltage ViH - 20 - Vece \Y
Input Low-level Voltage ViL - -0.3 - 0.8 \%
Output High-level Voltage VoH IoH = —100uA 24 — - \%
Output Low-level Voltage VoL ToL = 16mA — — 0.4 v
Input Leakage Current Iin Vin =0to 5.5V - - 25 HA
Output High-level Leakage Current ILoH Vout = 2.4V, CS=0.8V, CS=2.0V - - 10 uA
Output Low-level Leakage Current ILoL Vout = 0.4V, CS=0.8V, CS=2.0V - - 10 uA
Supply Current Icc Vece =55V - - 80 mA
Input Capacitance Cin Vin=0V, f=1.0MHz, Tz=25°C - - 75 pF
Output Capacitance Cout Vin=0V,f=1.0MHz, Tqa=25°C - - 125 pF

®» AC OPERATING CONDITIONS AND CHARACTERISTICS
®» READ SEQUENCE

Item Symbol min. max. Unit
Cycle Time teye 350 - ns
" Access Time i tacc - 350 ns
Chip Select to Output Delay - tco - 150 ns
Data Hold Time from Address IDHA 10 - ns
Data Hoid Time from Deseiection tr 10 150 ns
fcyc |
facc

#°2.0V
Address
L 0.8V
Y20V
Cs
Ico
cS
08V
"4
Data OUt WW
N

=
[ee]
S \  /
%%

N
=]
<

%N

m AC TEST LOAD is.ovwcc)
S RL=24kQ
Test Point
130,F 11k$2

Notes: 1. tr=tf=20ns
2. (Cpincludes jig capacitance
— 3. All diodes are 152074
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HN48364P

8192-word X 8-hit Mask Programmable Read Only Memory

The HN48364P is a mask-programmable, byte-oraganized memory designed for use
in bus-organized systems. To facilitate use, the device operates from a single power
supply, has compatibility with TTL and DTL, and requires no clocks or refreshing
because of static operation.

The memory is compatible with the HMCS6800 Microcomputer Family, providing
read only storage in byte increments. The active level of the Chip Enable input and
the memory content are defined by the user. The Chip Enable input deselects the
output and puts the chip in a power-down mode.

FEATURES

Fully Static Operation

Automatic Power Down

Single +5-Volt Power Supply
Three-State Data Output for OR-Ties
Mask Programmable Chip Enable
TTL Compatible

Maximum Access Time-350ns

Pin Compatible with EPROMs

= BLOCK DIAGRAM

A0
Al — DO
A2 — D1
A3 — D2
A Memory 3-State D3
AS Matrix Output D4
] Address (8192x8) Buffers D5
AB— Decode
D6
A7 —]
A8 — t—— D7
A9 —
A10—
A1
A12

“E #

*Active level defined by the user. Vec=Pin 24

Vss=Pin 12
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(DP-24)

= PIN ARRANGEMENT

A7[I
A6[2]
A5(3]
A4[4]
A3(5]
A2(6]
A1(7]
A0[8]
Do (9]
01 [i0]
D2 [17]

Vss E

A4
@VCC

23 A8
22| A9
21 A12
20 €

[19]A10
[18]A11
[17]07
[16] D6
15]Ds
14 D4
[13]03

(Top View)




8 ABSOLUTE MAXIMUM RATINGS

HN48364P

item Symbol Value Unit
Supply Voltage* Vee —0.3t0 +7.0 \Y
Input Voltage* Vin —03t0 +7.0 \%
Operating Temperature Range Topr —20 to +75 °c
Storage Temperature Range Tstg —55 to +150 °C
*With respect to Vss.
= RECOMMENDED DC OPERATING CONDITIONS
Item Symbol min. typ. max Unit
Supply Voltage Vee 45 5.0 55 \
ViL ~03 - 08 v
Input Voltage Vi 20 — Voo v
Operating Temperature Topr -20 - 75 °C
B ELECTRICAL CHARACTERISTICS
(Vee = 6.0V £10%, Vss = 0V, Ta = —20 to +75°C unless otherwise noted.)
Item Symbol Test Condition min ' typ. max. Unit
Input High-level Voltage Vi - 2.0 - Vee \
input Low-level Voltage ViL - —0.3 - 0.8 \
Output High-level Voltage VoH IoH = —205uA 24 - - \Y
Output Low-level Voltage VoL IoL =3.2mA - - 04 \%
Input Leakage Current Iin Vin=01t05.5V — - 25 HA
Output High-level Leakage Current ILoH Vout =2.4V,E=0.8V, E=20V - - 10 MA
Output Low-level Leakage Current 1LoL Vout =0.4V,E=08V,E=20V | - - 1 w&g )
Supply Current (Active/Standby) Icc/isy Vcec =55V i — 45/6 80/10 mA
" Input Capacitance Cin Vin=0V,f=10MHz, Ta= 25°C | - - 7.5 pF
Output Capacitance Cout Vin=0V, f= 1.0MHz, Tq = 25°C l - — 12.5 oF
m RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE)
(Vce = 5.0V £10%, Ta =—20 to +75°C, All timing with Ir =If = 20ns)
Item Symbol min max Unit
érc]igbrle:sisvha;:g xacﬁslgress Don‘t Care (Cycle Time when Chip tavax 350 _ ns
Chip Enable Low to Chip Enable High 'ELEH 350 - ns
Address Valid to Output Valid (Access) tavQv - 350 ns
Chip Enable Low to Output Valid (Access) ‘ELQV - 350 ns
Address Valid to Output Invalid tAVQX 10 - ns
Chip Enable Low to Output Invalid IELQX 10 - ns
Chip Enable High to Output High Z 'EHQZ 0 80 ns
Chip Selection to Power Up Time tpu o] - ns
Chip Deselection to Power Down Time tpD - 120 ns
Address Valid to Chip Enable Low (Address Setup) TAVEL 0 - ns
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HN48364P

® READ CYCLE TIMING 1

(E Held Low) TAVAX
Vin
ADDRESS ><
TAVQV | ViL
f ‘Avex
Von
Q(Data out) Previous Data Valid } Data Valid
Vi
e READ CYCLE TIMING 2 oL
le—AVEL
ViH
ADDRESS Address Valid
ViL
lELEH
E —x Z—._——-—Vm
\ / ViL
ELQV
ELQX lL — hIEHQz
ye VoH
Q(Data out) HI Z < > iz
tpy VoL
pD
Vee IcC o oo
Supply /
Current IsB
s AC TEST LOAD
5.0V(Fcc)
RL=2.4kS
Test Point
130,F 11kQ

Notes: 1. tr=tf=20ns
2. Cpincludes jig capacitance
3. All diodes are 152074®
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1N462716, HN462716G

2048-word X 8-bit UV Erasable and Electrically Programmable Only Memory

"he HN462716 is a 2048 word by 8 bit erasable and electrically programmable ROMs. This
levice is packaged in a 24-pin, dual-in-line package with transparent lid. The transparent lid
llows the user to expose the chip to ultraviolet light to erase the bit pattern, whereby a new

)attern can then be written into the device.

Single Power Supply

Simple Programming ....

Static ................

... +5V :5%;
Program Voltage: +25V DC

Programs with One 50ms Pulse

... No Clocks Required

+ Inputs and Outputs TTL Compatible During Both Read and Program Modes
Fully Decoded-on Chip Address Decode

' Access Time

Three State Output

= BLOCK DIAGRAM

... 450ns Max.
555mW Max. Active Power

213mW Max. Standby Power

... OR- Tie Capability

Interchangeable with Intel 2716

00~07

TP17717Y

HN462716

(DC-24C)
HN462716G

OE O— CS,POWERDOWN&
CE o— PROG,LOGIC | | OUTPUT BUFFERS
g Y r'— Y GATING
DECODER | - | (DG-24B)
o |
Ao~ Aro { O— . _ = PIN ARRANGEMENT
o—o X 16384 bit
[: DECODER : EPROM MATRIX A7 ET_\-/ 24[] Vee
. As 2 23] As
o . As O3 22 As
A e 217 Vpp
As s 20 CS
Az (6 193 Ao
A7 18[7 PD/PGM
Ao (8 17[3 0s
0o 9 16[7 Os
O 1o 1507 0Os
0z u 147 O«
GND 12 13(7 04
Top View
= PROGRAMMING OPERATION
Pins PD/PGM OE Ver Vee Outputs
Mode (18) (20) (21) (24) (9~11, 13~17)
Read Vi Vi +5 +5 Dout
Deselect Don’t Care Vin +5 +5 High Z
Power Down Vi Don’t Care +5 +5 High Z
Program Pulsed Vi to Vi Vin +25 +5 Din
Program Verify Vio Vi +25 +5 Dout
Program Inhibit Vio Viu +25 +5 High Z

@ HITACHI
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HN462716, HN462716G

s ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Operating Temperature Range Topr 0 to +70 ‘C
Storage Temperature Range T —65 to +125 ‘C
All Input and Output Voltages* Viv, Vour —0.3 to +7 v
Vee Supply Voltage* Ver —0.3 to +28 \Y%
* with respect to Ground
s READ OPERATION
e DC AND OPERATING CHARACTERISTICS (Ta=0 to +70C, Vcc=5V=*5%, Vep=Vcc£0.6V)
Item Symbol Test Condition min. typ. max. Unit.
Input Leakege Curreut Iu Vin=15.25V — — 10 KA
Output Leakage Current Io Vour=5.25V/0.4V — - 10 HA
Ver Current Ipp: Ver=5.85V — — 5 mA
Vce Current (Standby) Icc CE=Vw, OE=V. - 21 35 mA
Vee Current (Active) Icc. OE=CE=V. — 62 100 mA
Input LowVoltage Vio —0.1 — 0.8 v
Input High Voltage Vi 2.0 — Vee+1 \Y%
Output Low Voltage Vo Io,=2.1mA — — 0.4 v
Output High Voltage Vou Ton=—400 A 2.4 - — \Y%
Note: Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.
® AC CHARACTERISTICS (Ta=0 to +70C, Vcc=5V+5%, Vep=Vcc£0.6V)
Parameter Symbol Test Conditions min typ. max. Unit
Address to Output Delay tacc OE=CE=Vu — — 450 ns
CE to Output Delay tce OE=Vu. — - 450 ns
OE to Output Delay toe CE=V. — . 120 ns
OE High to Output Float tor CE=V. 0 — 100 ns
Address to Cutput Hold ton OE=CE=V. 0 — — ns
e CAPACITANCE (Ta=25C, f=1MHz)
Item Symbol Test Condition typ. max. Unit
Input Capacitance Cin Vin=0V — 6 pF
Output Capacitance Cout Vour =0V — 12 pF
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HN462716, HN462716G
® SWITCHING CHARACTERISTICS

Test Conditions

Input Pulse Levels: 0.8V to 2.2V
Input Rise and Fall Times: <20ns
Output Load: 1TTL Gate + 100 pF

Reference Level for Measuring Timing:
Inputs 1V and 2V
Outputs 0.8V and 2V

READ MODE (CE = V)

4
Address
X
tOH
OE
‘\ tpF

tOE
tAcc

R

Data Out Data Out Valid >——
A

STANDBY MODE (OE =V, )

Address Address N Address N+m

CE Standby Mode \

Active Mode Standby Mode
N
IDF
ICE
Data Out Valid
Data Out / for Address N
N 4m

® TYPICAL CHARACTERISTICS

80 r 800 T—T] 800 7
Icc2 Vec=5V_| Vee =5V
Tg=25°C
. 60 — — 600 d 600
< 1 = 0
% 40 % 400 ] i
400
O il QO
~ Iccl. % =
~ -
20 200 200
0 20 40 60 80 0 200 400 600 800 0 20 40 60 80
Temperature (°C) Capacitance (pF) Temperature (C)
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HN462716, HN462716G

® D.C. PROGRAMMING CHARACTERISTICS (Ta=25TC +5TC, Vcc=5V£5%, Vep=25V+t1V)

Parameter Symbol Test Conditions min. typ. max. Unit
Input Leakage Current I Vee=5.25V/0.4V - — 10 KA
Ver Supply Current Ipp: CE=Vu. — — 6 mA
Ve Supply Current During >Programming Ipp2 CE=Vu — — 30 mA
Vce Supply Current Iec — — 100 mA
Input Low Level Vi ) —0.1 - | 0.8 \Y
Input High Level \m 2.0 — J Vee+1 A%

® A.C. PROGRAMMING CHARACTERIsTICS (Te=25C+5C, Vec—5V45%, Ver—25VE1V)

Parameter Symbol Test Conditions min. typ. max. | Unit
Address Setup Time tas 2 — — Hs
OE Setup Time toks 2 — — Ms
Data Setup Time tos 2 — — Hs
Address Hold Time tan 2 — — Hs
OE Hold Time toer 5 — — Hs
Data Hold Time ton 2 - — Hs
OE to Output Float Delay tor CE=Vu 0 — 120 ns
OE to Output Delay B toe CE=Vu. — — 120 ns
Program Pulse Width tew 45 50 55 ms
Program Pulse Rise Time | tprT 5 — — ns
Program Pulse Fall Time | tprr 5 — — ns

Note: V¢c must be applied simultaneously or before Vp, and removed simultaneously or after Vpp.

©® SWITCHING CHARACTERISTICS

Test Conditions Output Load: 1 TTL Gate + 100 pF
Input Pulse Level: 0.8V to 2.2V Reference Level for Measuring Timing:
Input Rise and Fall Times: < 20 ns Inputs; 1V and 2V, Outputs; 0.8V and 2V

© PROGRAMMING WAVEFORMS

PROGRAM PROGRAM VERIFY
><l
Address Address N
Address N+m
N
TAS TAH
1
4 \
Data Data Out Data In Stable Data Out
Valid (Address N) Valid
¥, (Address N)
IDF —1IDF
OF \
LDs| | 'Pw | !DH
CE ' 'OES 'OEH
/] N
!PRT— F—tPFT
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ERASE

Erasure of HN462716 is performed by exposure to ultraviolet light with a wavelength of 25374, and all the output data are

1anged to ““1" after this erasure procedure.

The minimum integrated close (i.e., UV intensity x exposure time) for erasure is 15W - sec/cm?.

DEVICE OPERATION

READ MODE
ataout is available 450 ns (taocc) from addresses with OE
w or 120 ns (tQE) from OF with addresses stable.

DESELECT MODE

1e outputs may be OR-tied together with the other HN-
32716s. When HN462716s are deselected, the OE inputs
ust be at high TTL level.

POWER DOWN MODE
>wer down is achieved with CE high TTL level. In this
ode the outputs are in a high impedance state.

PROGRAMMING

iitially, and after each erasure, all bits of the HN462716
e in the “high”’ state (Output High). Data is introduced
¢ selectively programming “‘low’’ into the desired bit loca-
ons. In the programming mode, Vpp power supply is at
5V and OE input is at high TTL level. Data to be pro-
ammed are presented 8-bits in parallel, to the data output
nes (O1 to 08).

@ HITACHI

The addresses and inputs are at TTL levels.

After the address and data setup, a 50 ms, active high pro-
gram puise is applied to the CE input. The CE is at TTL
level.

The HN462716 must not be programmed with a DC signal
applied to the CE input.

® PROGRAM VERIFY
The HN462716 has a program verify mode. A verify should
be performed on the programmed bits to determine that

they were correctly programmed. In this mode Vpp is at
25V.

© PROGRAM INHIBIT

Programming of multiple HN462716s in parallel with dif-
ferent data is easily accomplished by using this mode. Ex-
cept for CE, all like inputs of the parallel HN462716s may
be common.

A TTL program pulse applied to 0 HN462716’s CE input
will program that HN462716. A low level CE inhibits the
other HN4627 16s from being programmed.

HN462716, HN462716G
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HN462532

4096-word X 8-bit UV Erasable and Programmable Read Only Memory

The HN462532 is a 4096 word by 8 bit erasable and electrically programmable
ROM. This device is packaged in a 24-pin, dual-in-line package with transparent
lid. The transparent lid allows the user to expose the chip to ultraviolet light to
erase the bit pattern, whereby a new pattern can then be written into the device.

m FEATURES

® Single Power Supply ....... +5V 5%

® Simple Programming . ...... Program Voltage: +25V D.C.
Program with One 50ms Pulse

® Static . . ............... No Clocks Required

® [nputs and Outputs TTL Compatible During Both Read and Program Modes

® Fully Decoded On-Chip Address Decode

® AccessTime............. 450ns (Max.)

® Low Power Dissipation .. ... 858mW (Max.) Active Power
201mW (Max.) Standby Power

® Three State Output . .. ... .. OR-Tie Capability

® Compatible with TMS2532

s BLOCK DIAGRAM

0,~0,
17711
POWERDOWN &
CEO PROG, LOGIC OUTPUT
BUFFERS
O—_.
o— Y M
° Y GATING
o— DECODER .
o—_—
Ay~A,,< o0—] e
o—| X 32768 bit
o— EPROM MATRIX
3 DECODER
O.._
O [ ]
o— °
]
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(DC-24C)

= PIN ARRANGEMENT

INIE ~ 24]vee
A8l 2 23] A8
As(3 22 A9
A4fa EVPP
A3[s [20] CE
A2(6 [19] A10
A7 i8] A1
Aofs [17] 07
oof9 16] 06
o1f10 15] 05
o2[1 14]0a
GND[12 13|03
(Top View)



MODE SELECTION

HN462532

]
=

'''' — Pins CE Vep Vee Outputs
Mode T (20) (21) (24) (91011, 13t017)
Read ViL +5 +5 Dout
Stand by Via +5 +5 High Z
Program Pulsed VIH to VIL +25 +5 Din
Program Inhibit Vi +25 +5 High Z
i ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
All Input and Output Voltages* VIN, Vout —0.3t0 +7 Vv
Vpp Voltage* Vpp —0.3t0+28 \
Operating Temperature Range Topr 0to+70 °C
“Storage Temperature Range Tstg T —65t0+125 °C o
with respect to GND.
READ OPERATION
D.C. AND OPERATING CHARACTERISTICS (Tq = 010 +70°C, VcC = 5V 5%, VPP = VcC +0.6V)
Parameter Symbol Test Conditions min. typ. max Unit
Input Leakage Current IL1 Vin =5.25V - — 10 KA
Output Leakage Current Ito Vout = 5.25V [ 0.4V - _ 10 uA
‘Vep Current 1pP1 Vpp =5.85V - — 12 mA
Vcce Current (Standby) Icc1 | CE=VIH - - 25 mA
Vcc Current (Active) Icc2 CE=ViL - — 150 mA
Input Low Voltage ViL —0.1 — 0.8 \%
Input High Voltage ViH 2.0 - Vec+1 v
Output Low Voltage VoL loL=2.1mA - - 04 \%
Output High Voltage VoH IoH = —400uA 2.4 - - \
otes: Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.
AC CHARACTERISTICS (Ta = 0t0+70°C, VcC 5V 5%, VPP =V +0.6V)
Parameter Symbol Test Conditions min typ max. Unit
‘Address to Output Delay tacc CE=VIL - - 450 ns
CE to Output Delay ICE - - 450 ns
CE High to Output Float IpF 0 - 100 ns
Address to Output Hold ton CE=VIL 0 - - ns
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HN462532

e SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Levels:
Input Rise and Fall Times:
Output Load:

Reference Level for Measuring Timing:

0.8V to 2.2V

<20ns

1TTL Gate + 100pF
Inputs; 1V and 2V,
Outputs; 0.8V and 2V

Address Address N

ﬁi Address Valid
K

Standby Mode

‘Data Out

\

Active Mode Standby Mode

® CAPACITANCE (7,=25°C,f=1MHz)

Parameter Symbol Test Conditions min. typ. max. Unit
Input Capacitance Cin Vin =0V — - 6 pF
Output Capacitance - Cout Vout = 0V - - 12 pF
= PROGRAMMING OPERATION
® DC PROGRAMMING CHARACTERISTICS (Tq = 25°C +5°C, VccC = 5V 6%, VPP = 25V £1V)
Parameter Symbol Test Conditions ! min. typ. max. Unit
Input Leakage Current ILi Vin =5.25V / 0.4V — - 10 KA
Vep Supply Current During Programming Ipp2 CE=VIL - - 30 mA
Vcc Supply Current Icc - - 150 mA
Input Low Level Viii —-0.1 - 0.8 \)
Input High Level Vi 2.0 - Vee+1 v
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» AC PROGRAMMING CHARACTERISTICS (T, = 25°C +5°C, Vcc = 5V 5%, VPP = 25V +1V)

HN462532

Parameter Symbol Test Conditions min. typ. max. Unit
Address Setup Time tAs 2 - - us
Data Setup Time DS 2 - - us
Address Hold Time tAH 2 - - us
Data Hold Time o DH 2 — — us
Setup Time from Vpp tvPPS o "o | = — ns
Program Pulse Hold Time tPRH 0 — - ns
Vpp Hold Time tvPPH 0 - - ns
Program Pulse Width tpw 45 50 55 ms
Program Pulse Time tPRT 5 - - ns
Program Pulse Time IPFT J 5 - - ns

Note: V'cc must be applied simuitaneously or before ¥pp and removed simuitaneously or after Vpp.

» SWITCHING CHARACTERISTICS
Test Conditions
Input Pulse Level:
Input Rise and Fall Times:
Output Load:

0.8V to 2.2V

<20ns

Reference Level for Measuring Timing:

1TTL Gate + 100pF
Inputs; 1V and 2V,
Outputs; 0.8V and 2V

Address x‘
-

tAH

4
Jata Data Out D——{ Data In
.
IDs TOH
As tpFT  tPRT
- —] L la—
ZE PW
tvpps tVPPH

|
=
. 25V ‘
PP M
5V

»ERASE

Erasure of HN462532 is performed by exposure to ultraviolet light with a wavelength of 25374, and all the output data
are changed to /1" after this erasure procedure.

The minimum integrated close (i.e.,UV intensity x exposure time) for erasure is 15W- sec/cm? .
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HN462732

4096-word X 8-bit UV Erasable and Programmable Read Only Memory

The HN462732 is a 4096 word by 8 bit erasable and electrically programmable
ROM. This device is packaged in a 24-pin, dual-in-line package with transparent lid.
The transparent lid allows the user to expose the chip to ultraviolet light to erase
the bit pattern, whereby a new pattern can then be written into the device.

s FEATURES

® Single PowerSupply ............. +5V +5%

® Simple Programming . ............ Program Voltage: +25V D.C.
Program with One 50ms Pulse

® Static . . ... ... ... No Clocks Required

® [nputs and Outputs TTL Compatible During Both Read and
Program Modes
® Fully Decoded On-Chip Address Decode

® AccessTime................... 450ns Max.

® Low Power Dissipation. . .......... 150mA Max. Active Current
30mA Max. Standby Current

® Three StateQutput . . . ........... OR-Tie-Capability

® Compatible with INTEL 2732

= BLOCK DIAGRAM

0, ~ 0,
—_—
OE/Vpp 0— POWERDOWN & OUTPUT
TE o—| PROG, LOGIC
cE BUFFERS
o
o— Y °
o—] DECODER . Y GATING
o— °
0— H
Ao ~ A< O— X 32768 bit
o
P DECODER EPROM MATRIX
o
o— [ ]
o [ ]
[ ]
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= PIN ARRANGEMENT

N\
A, (1] 24 Ve
A2 23)A,
A3 22 A,
A4 214,
A,lS E]_O—E/Vpp
A, [6 194,
N [1§]CE
Ad[8] 170,
0,09 1 0,
01@ Eos
OzE EOA
GND[12 130,
(Top View)



HN462732

s MODE SELECTION

Pins CE (TE/ Vep Vee Outputs
Mode (18) (20) 24) 9~11,13~17)
Read ViL ViL +5 Dout
Stand by Vg Don’t Care +5 High Z
Program Vi Vpp +5 Din
Program Verify Vi ViL +5 Dout
Program Inhibit Vi Vep +5 High Z

= ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Operating Temperature Range Topr 0to+70 °C
Storage Temperature Range Tstg —65 to + 125 °C
All Input and Output Voltages* Vins Vout -03to+7 v
Vpp Voltage* OE/Vpp —-0.3 to +28 v

*with respect to GND

s READ OPERATION
e D.C. AND OPERATING CHARACTERISTICS (T,=0to +70°C, VoC=5V+5%)

Parameter Symbol Test Conditions min. typ. max. Unit
Input Leakage Current (Except OE/V pp) Itn ViN=5.25V - - 10 uA
OE/Vpp Input Leakage Current Ipgo ViN=5.25V - - 300 A
Output Leakage Current 1575) Vour=5.25V - - 10 A
Ve Current (Standby) Icc1 CE= Vi, OE = Vi - - 30 mA
Ve Current (Active) Icco OE=CE=Vy - - 150 mA
Input Low Voltage Vi, -0.1 - 0.8 A\
Input High Voltage Vig 2.0 - | Veet1 \%
Output Low Voltage VoL Ior, = 2.1 mA - - 0.45 v
Output High Voltage Vor Iop = —400 uA 24 - - A%

® A.C.CHARACTERISTICS (T,=0to+70°C, Vco=5V+5%)

Parameter Symbol Test Conditions min. typ. max. Unit
Address to Output Delay tacc CE=0E = Vi — - 450 ns
CE to Output Delay tcE OE = Vi — - 450 ns
Output Enable to Output Delay toE CE=Vy - - 120 ns
Output Enable High to Output Float tpF CE=Vy, 0 - 100 ns
Address to Output Hold toH CE=0E = ViL 1] - - ns
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HN462732

e SWITCHING CHARACTERISTICS
Test Condition
Input Pulse Levels: 0.8V to 2.2V
Input Rise and Fall Times: <20ns
Output Load: 1TTL Gate + 100pF
Reference Level for Measuring Timing: Inputs 1V and 2V
Outputs 0.8V and 2V

L ————
Address
~————
CE
Standby Mode Active Mode Standby Mode
IcE
OE
loE )
tacc IDF

Data Out //// _D:t;;)ut Valid
ANNY

e CAPACITANCE (T,=25°C, f=1 MHz)

Parameter Symbol Test Conditions min. typ. max. Unit
Input Capacitance (Except OE/V pp) Civ1 ViN=0V — - 6 pF
OE/Vpp Input Capacitance Cive Vin=0V - - 20 pF
Output Capacitance Cout Vout=0V - - 12 pF
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= PROGRAMMING OPERATION

* D.C.PROGRAMMING CHARACTERISTICS (V(C(C=5V£5%, Vpp=25V£1V, T,=25°C+5°C)

HN462732

Parameter Symbol Test Conditions min. typ. max. Unit
Input Leakage Current Ing Vv =5.25/04V - - 10 BA
Output Low Voltage During Verify VoL Iop =2.1mA - - 0.4 v
Output High Voltage During Verify Vou Iop = —400 uA 24 - - v
Ve Supply Current Iec - - 150 mA
Input Low Level ViL -0.1 - 0.8 v
Input High Level (All Inputs Except OF/V pp) Vi 2.0 — | Vee+1 A
Vpp Supply Current Ipp CE=Vy, OE = Vpp - - 30 mA
¢ A.C.PROGRAMMING CHARACTERISTICS (VC(C=5V25%, Vpp=25V+1V, T;=25°C+5°C)
Parameter Symbol Test Conditions min. typ. max. Unit
Address Setup Time tas 2 - - us
OE Setup Time toEs 2 - - us
Data Setup Time tps 2 - - us
Address Hold Time tAH 0 - - us
OE Hold Time toEH 2 - - us
Data Hold Time tpy 2 - - us
Chip Enable to Output Float Delay tpF 0 - 120 ns
Data Valid from CE tpy CE=Vy,,0E=Vp - - 1 us
CE Pulse Width During Programming tpw 45 50 55 ms
OE Pulse Rise Time During Programming tpRT 50 - - ns
Vpp Recovery Time tyr 2 - - us
® SWITCHING CHARACTERISTICS
Test Conditions

Input Pulse Level: 0.8V to 2.2V

Input Rise and Fall Times: <20ns

Output Load: 1 TTL Gate + 100pF

Reference Level for Measuring Timing: Inputs; 1V and 2V,

Outputs; 0.8V and 2V
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HN462732

® PROGRAMMING WAVE FORMS

PROGRAM
PROGRAM VERIFY
s p
Address >< Address N ><
7
2us
tas
s )\
Data ——< Data In Stable —
N
tps tDH |l ’DF
2us 2us 0 ~ 120ns
[ IAH—| [
OE

_{{

7

2us 45 ~ 55ms 2us 2us l
tOES tpw tOEH | tvR
tPRT —
50ns
\ 2 v
CE / 7
® ERASE

Erasure of HN462732 is performed by exposure to Ultraviolet light of 26374,
and all the output data are changed to ‘1"’ after this prosedure.

The minimum integrated close (i.e., UV intensity x exposure time) f
15W - sec/cm?.
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1N48016P

'048-word X 8-bit Electrically Erasable and Programmable ROM

‘his device operates from a single power supply and features fast single address
>cation programming. All the words are erased by one TTL level pulse. Erasing the
it pattern and programming new pattern can be made within 22 seconds.
I FEATURES
'+ SinglePowerSupply . .................... +5V+5%
' Simple Programming . .. ............c...... Program voltage: +25V DC.
Program with one 10ms
pulse.
" Electrically Erasing . ..................... Erase Voltage: +25V DC.
Erase all words with one
1sec pulse. (DP-24)
" FullyStatic . ... ... .. e No clocks required.
' Inputs and Outputs TTL compative during read, program and erase mode.
Fully Def:oded ......................... On-Chip Address Decode. = PIN ARRANGEMENT
cAccessTime ... .. ... i e 350ns Max.
Low Power Dissipation . ............00.0.. 300mW Max. - \_J E ;
" ThreeState Output . . . .. ..o v enn e e, OR-Tie Capability ~ —
* Pin-out Compatible with Intel 2716. x 2] B
As E z] As
Al 4 21| Vep
BLOCK DIAGRAM N O ]_
r—'—/;——ﬂ AJE 20]°CS
LIITTTTT go e
Ts — A E E] PGM
PGM . CS, Prog. .&' o IT_ B O
Vor Erase logic Output Buffers o,,E E 0O
o |1—_0 5] os
ro____ 0 E E 0
o— L]
o— Y Decoder e Y Gating GND |12 E 0s
o0— ®
(Top View)
o—I
Ao~ Aro 4 °
o—oI,
o—oi ° 16384 bit
X Decoder A
° EEROM Matrix
L ]
L[]
~
MODE SELECTION
Pins PGM Cs Vpp Vee OUTPUTS
Mode (18) (20) (21 (24) (8~11,13~17)
READ viL viL +5 +5 Dourt
DESELECT Don’t Care Vi +5 +5 High Z
PROGRAM Pulsed V1L to Vig Via +25 +5 Din
PROGRAM VERIFY ViL ViL +25 +5 Dout
ERASE Pulsed Vg, to Viy ViL +25 +5
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HN48016P

= ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
All Inputs and Output Voltage VIN, Vout —0.3 to Vo +0.3 or Vpp+0.3 \
Vcc Voltage Vce —0.3 to +7.0 \%
Vpp Voltage Vpp —0.3 to +28 v
Operating Temperature Range Topr 0 to +70 °C
Storage Temperature Range Tstg —65 to +125 °C
READ OPERATION
e DC and Operating Characteristics (Vcc = SV£5%, Vpp = Vect0.6V*, Tg = 0 to +70°C)
Parameter Symbol Test Condition min. typ. max. Unit
Input Leakage Current ILr VIN = 5.25V — - 10 BA
Output Leakage Current IrLo Vour = 5.25V - - 10 BA
Vce Current Icci CS =V/ViL - 32 50 mA
Vpp Current Ipp; Vpp=5.85V - 4 7 mA
ViL -0.1 — 0.8 \
Input Voltage Vi 2.0 - — v
VoL IorL = 1.6mA - - 0.4 v
Output Volt:
utput Voltage Vorn | Iom= —100 sA 2.4 Z Z — v
* The tolerance of 0.6V allows the use of a driver circuit for switching
the Vpp supply pin from V¢ in read to 25V for programming.
e AC Characteristics (Vcc = 5V£5%, Vpp = Ve £0.6V, T =0 to +70°C)
Parameter Symbol Test Condition min. typ. max. Unit
Address to Output Delay tacc PGM=CS=VyL - 200 350 ns
Chip Select to Output Delay tco PGM = VIL - 70 150 ns
Chip Deselect to Output Float IDF 0 40 100 ns
Address to Output Hold tOH PGM=CS=ViL 10 - - ns

o Test Condition

input pulse levels; 0.8V to 2.0V

Input rise and fall time; 20ns

Output load; 1TTL Gate + 100 pF

Reference level for Measuring Timing; Inputs 1V and 1.8V
Outputs 0.8V and 2.0V

Address

<

Address Valid L
X

[ tacc

High Z i
Output ie Data Out Valid High Z
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HN48016P

® Capacitance (T, = 25°C, f= 1 MHz)

Parameter Symbol Test Condition typ. max. Unit
Input Capacitance CIN VIN=0V — 7.5 pF
Output Capacitance Cour Vour =0V - 15 pF

» PROGRAM OPERATION
® DC Programming Characteristics (Vcc = 5V£5%, Vpp = 25V1V, Tg = 25°C+5°C)

Parameter Symbol Test Condition min. typ. max. Unit
Input Leakage Current Ipy Vin = 5.25V — — 10 BA
Ve Supply Current Ioce - 32 50 mA
Vpp Supply Current Ipp2 - 10 20 mA
ViL -0.1 - 0.8 \4
Input Volt
nput Voltage Via 2.0 - - \

® AC Programming Characteristics (Vcc = SV+5%, Vpp = 25V£1V, T = 25°C+5°C)

Parameter Symbol Test Condition min, typ. max. Unit
Address Setup Time tas 2 - - us
CS Ssetup Time tcss 2 - - us
Data Setup Time tDs 2 - - us
Address Hold Time tAH 2% - - us
CS Hold Time tcsH 7 - - us
Data Hold Time tDH 2 - - us
Chip Deselect to Output Float Delay tDF 0 40 100 ns
Chip Select to Output Delay tco - 70 150 ns
Program Pulse Width tpw 10 - - ms
Program Pulse Rise Time tPRT - - ns
Program Pulse Fall Time tPFT 5 - - ns

* If the mode changes from program mode to program verify mode se-
quentially (in the same address), £4 g must be larger than IcsH + tco. ‘

» Test Condition

nput pulse levels; 0.8V to 2.0V

nput rise and fall time; 20ns (10% to 90%)

Reference level for Measuring Timing; Input 1V and 1.8V
Output 0.8V and 2.0V

Program Program Verify

X
Address Adress Valid
I = —
b Data in
a t. i
a Stable Data out Valid
o K b
10K ] tor —
Cs
D5 [me—tmi
tesw
tess
pom / \

tPRT —e=| |- | | tpFT
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HN48016P

m ERASE OPERATION

® DC Erasing Characteristics (Ve = 5V5%, Vpp = 25V1V, Tg = 25°C+5°C)

Parameter Symbol Test Condition min. typ. max. Unit
Input Leakage Current Iy VIN = 5.25V = — 10 BA
Ve Supply Current Iccs - 32 50 mA
Vpp Supply Current Ipp3 = 10 20 mA
I Vol ViL -0.1 - 0.8 \"
nput Voltage Vin 2.0 — — v
e AC Erasing Characteristics (Ve = 5V£5%, Vpp = 25V1V, Tg = 25°Ct5°C)
Parameter Symbol Test Condition min, typ. max, Unit
CS Setup Time tECSS 2 — - us
PGM to Output Delay tEO 7 - - us
Erase Pulse Width tEW 1000 — — ms
Erase Pulse Rise Time tERT 5 — - ns
Erase Pulse Fall Time tEFT 5 = — ns
e Test Condition
Input pulse levels; 0.8V to 2.0V
Input rise and fall time; 20ns (10% to 90%)
Reference level for Measuring Timing; Input 1V and 1.8V
Output 0.8V and 2.0V
Erase Erase Verify
...... —
Address Don’t Care Address 0~2047
______ —
o / Ve N
Output  High Z ( _\> High Z / o \_ High Z
LEW tEO
PGM /
cmerrr——
tecss L——lERT ) [=— LEFT
CS
2
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HM2105

256-word X 1-bit Fully Decoded Random Access Memory

The HM2105 is a 256-word x 1-bit read/write random access memory developed for applica-
tion to buffer memory, control memory, etc.

@level . . ... e e e 10K ECL compatible
O Chipselectaccess time . . . . . . . . . .ttt ittt ittt ittt 12ns (max)
O AdAress access TIMe . . . . . . ot v ittt ittt e e e e 35ns (max)
@ Power Consumption . . . . .. . .. e 1.8mW/bit (typ)

® Output obtainable by Wired-OR (open emitter)

HTRUTH TABLE

(DG-16)

= PIN ARRANGEMENT

]

> r o> oz

o
]

o
&

&l
alnaianlaEnE

=
m
o

EVCC
EDout
[1]wE
o
E]A,
o
EA;
_TJA.

(Top View)

Dout

21221

Input
— — Output Mode
CS WE Din
any one H X X L Not Selected
all L L L L Write “0”
all L L H L Write “1”
all L H X Dout * Read
X : Don’t care
* . Read out non-inverted
HBLOCK DIAGRAM
ro——
rmo— £ £ 16X 16
Eg — 'gz — Memory
A, O——r & £ Cells
A, O——— —
[ 1 (_F <}= -
Sense Amp

Y Address
Decoder

Iy

Ac Ay Ac A,
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HM2105

BABSOLUTE MAXIMUM RATINGS

Item Symbol HM2105 Unit
Supply Voltage Vee to Ve +0.5t0—7.0 \4
Input Voltage Vin +0.5to Vee \"
Output Current Tout -30 mA
Storage Temperature Tstg —65to+150 °C
Storage Temperature Tstg (Bias) * —55to+125 °C

* Under Bias
BELECTRICAL CHARACTERISTICS
@®DC CHARACTERISTICS (Vee=—5.2V, R.=50Q to —2.0V, Ta=0to +75°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min. (B)| typ. |max.(A) Unit
0°C — 1000 — | — 840
Vou +25°C — 960 — | — 810
+75°C — 900 — |- 720
t \Y Vin=V, Vi \Y%
Output Voltage IN= Vina or ViLs oC | —1870 1665 m
VoL +25°C —1850 — | —1650
+75°C —1830 — | —1625
0°C —1020 —_ —
Vouc +25°C — 980 — —
+75°C - 920 — —
Vin= Vi A"
Output Threshold Voltage IN=Viug or Vira 0°C — "1t m
Vorc +25°C — — | —1630
+75°C — — | —1605
0°C —1145 — | — 840
Vi g‘,“";af"t:e:"l“lp“t tV"h“ge +25°C | —1106| — | — 810
Inout Volt sRersT s +75°C | —10as|  — - m0|
fput Voltage Guaranteed Inout Vo 0°C | —1870| — | —1490
Vio Luarz;n Al rllpu ts oltage +25°C — 1850 — | —1475
ow for AT Inpu +75°C | —1830| — | —1450
Iy Vin= Viya 0to+75°C — — 220
Input Current CS 0.5 — 170 | A
= t .
I Other Vin=ViLs 0to+75°C 50 — —
All Input and Output Open. +75°C | — 120 -85 —
A
Power Supply Current Iee Test pin 8. oC =130 —95 — m

@AC CHARACTERISTICS (Vee=-52V+5%, Ta=0to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms)
1. READ MODE

Item Symbol Test Condition min. typ. max. Unit
Chip Select Access Time tacs — 7 12 ns
Chip Select Recovery Time trcs — 7 12 ns
Address Access Time |79 — 20 35 ns

2. WRITE MODE

Item Symbol Test Condition min. typ. max. | Unit
Write Pulse Width tw twsa=8ns 25 15 — ns
Data Setup Time twsp 5 3 - ns
Data Hold Time twup 5 3 — ns
Address Setup Time twsa tw=25ns 8 5 — ns
Address Hold Time twha 2 0 — ns
Chip Select Setup Time twscs 5 3 — ns
Chip Select Hold Time twhcs 5 3 — ns
Write Disable Time tws 3 14 — ns
Write Recovery Time twr — 15 20 ns
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HM2105

3. RISE AND FALL TIME

Item Symbol Test Condition min. typ. max. | Unit
Output Rise Time ¢ — 5 — ns
Output Fall Time t — 5 — ns
4. CAPACITANCE
Item Symbol Test Condition min. typ. max. Unit
Input Lead Capacitance Cin — 4 5 pF
Output Lead Capacitance Cout — 7 8 pF
BTEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION

O,OIMFI

Vi,

3. READ MODE

cs N‘ %50%
!

|
!
—t ACS"I L—l ncs—-‘
—— 8’\0/

Dout V‘NB %

4. WRITE MODE

-2.0V

R =50Q
€1 =30pF (includes jig and
stray capacitance)

50% ‘ ____________________________ j

0%
ViLa Dout
20%

2. INPUT PULSE

—0.9v

-1L7V

s =t;=2.5ns typ

Address 50%
. >

taa

80%

20%

Address

L

S0~ ———— {
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Supply Current Igg (mA)

Supply Current Izp (mA)

SUPPLY CURRENT vs.

AMBIENT TEMPERATURE
120
100
R
80 \\
\
60
20
0
-20 20 40 60 80 100
Ambient Temperature T,(°C)
SUPPLY CURRENT vs.
SUPPLY VOLTAGE
120
100 / ,/
80 /
@ //
40 /

20

/

/

0

=1 -2 -3 -4

Supply Voltage Vgg(V)

@ HITACHI

Address Access Time 744 (ns)

40

20

ADDRESS ACCESS TIME vs.

AMBIENT TEMPERATURE

20 2 3 60 80
Ambient Temperature T, (°C)

100

HM2105
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HM2106

256-word X 1-bit Fully Decoded Random Access Memory

The HM2106 is an ECL compatible, 256-word x 1-bit, read/write, random access memory
developed for application to scratch pad, control and buffer memories, etc. whitch require

high speeds.

@ It is compatible with 10K ECL logic.

@Chipselectaccesstime . . ... ... ... ...itnuntnenennenenenens 10ns (max)
@ Address ACCeSS time . . . . . . . .. ..t 15ns (max)
O POWEr CONSUMPLION « « & o v v v vt i et o et et i e iae et aeenen 1.8mW/bit (typ)

@ Output obtainable by wired-OR (open emitter)

BTRUTH TABLE

(DG-16)

= PIN ARRANGEMENT

E] Vee
E Dout
(1] WE
E Din
)
op
o).
op

Input —
e Output Mode As E
CS WE Din
ND
any one H X X L Not Selected
5]
all L L L L Write “0” Al
all L L H L Write “1” = %
all L H X Dout * Read . E
X . Don’t care _
* . Read out non-inverted C .E
Vee E
(Top View)
HEBLOCK DIAGRAM
Dout
AvO—o o 16X 16
rno—— 3% £ =
Az O—] «}‘55 1 % 1 Memory C__S:
AO——p = Cell ] S,
1 i gom
Sense Amp
Write Drivers
i CH e
Y Address
Decoder
Ac As Ac A,
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HM2106

HABSOLUTE MAXIMUM RATINGS

Item Symbol HM2106 | Unit
Supply Voltage Vee to Vee +0.5t0—7.0 v
Input Voltage Vin +0.5toVee \
Output Current o Tout -30 mA
Storage Temperature Tstg —65to+ 150 °C
Storage Temperature Tstg (Bias) * —55t0+125 °C

* Under Bias

HELECTRICAL CHARACTERISTICS
@®DC CHARACTERISTICS (Vee=—5.2V, R.=50Q to —2.0V, Ta=0to +75°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min.(B) | typ. |max.(A)| Unit
0C | —1000] — |- 840
Von +25°C |- 960 — |- 810
+75°C |- 900 — | —720
QOutput Volt Vin=V, Vi
. put Voltage n=Viua or Vi oc —1s70 B mV
VoL +25°C — 1850 — — 1650
+75°C — 1830 — —1625
0°C —1020 - —
Vouc +25°C | — 980 - —
+75°C - 920 — —
t - Viv=V, % v
Output Threshold Voltage IN 1ug or ViLa 0C —  mrryra L
Vorc +25°C - — | —1630
+75°C - — | — 1605
0°C —1145 — — 840
5 t 1 Vol
Vin ;‘i’a;a:ofeg”"lpm tso“’ge +25°C | —1105] — | — 810
n
Inoat Voltage £ pu +15C [ —was| — [ - 0]
e Guaranteed Input Volt 0°C | -1870] — | —14%
ViL Luw f"reA“ Ip" . oltage +25°C | —1850| — | —1475
ow fe nputs +75°C | —1830] — | —1450
Iy Vin= Vina 0to+75°C — — 220
Input Current CS 0.5 — 1701 4 A
Vin=V, to+75°
In Other w=ViLs | 0 75°C 50 —
All Input and Output Open. +75°C | — 120| -85
Suppl 1) A
upply Current £E Test pin 8 0C |- 130 —95 m

@AC CHARACTERISTICS (Vee=—52V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms)
1. READ MODE

Item Symbol Test Condition min. typ. max. Unit
Chip Select Access Time tacs — 6 10 ns
Chip Select Recovery Time tres — 6 10 ns
Address Access Time taa 3 9 15 ns

2. WRITE MODE

Item Symbol Test Condition min. typ. max. | Unit
Write Pulse Width tw twsa=2ns 10 — — ns
Data Setup Time twsp 2 — — ns
Data Hold Time twip 2 — - ns
Address Setup Time twsa tw=10ns 2 — — ns
Address Hold Time twha 2 — — ns
Chip Select Setup Time twscs 2 — — ns
Chip Select Hold Time twhcs 2 — — ns
Write Disable Time tws 3 — — ns
Write Recovery Time twr — — 10 ns

@ HITACHI 143



HM2106

3. RISE/FALL TIME

Item Symbol Test Condition min. typ. max. Unit

Output Rise Time t, — 3 — ns

Output Fall Time ty — 3 — ns
4. CAPACITANCE

Item Symbol Test Condition min. typ. max. Unit

Input Capacitance Cin — 2 5 pF

Output Capacitance Cout — 3 8 pF

BMTEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
GND
T -0.9V 80%

16

s 20%
HM2106 | g, L0 -L7v
8 1 I
t,=ty=2.5ns typ

¢1=3%F (includes jig and stray capacitance)

3. READ MODE

50% Address 50%
cs
| MH ’“_—q‘
80%
Ving
Dout Ving v y
A Dout Viea

20% yA T
ty tr

4. WRITE MODE

= 50% R —————————————————————— 7‘

Address 5 50%>< ————————————————— ‘_*
E— e e E—
Din 50% ———————————— '

| S —— - +

b=t wHr
N /
WE t WS D= bt WH A
Pt ws, tw t WHCS
- ~ t v Viup
s
Dout wsc Vit
l—t ws twk
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140

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

Supply Current Igg (mA)

Ver =—520V

 E— W
-20 20 kL Y 0 100

Ambient Temperature T, (°C)

OUTPUT "'1°’ LEVEL vs.
AMBIENT TEMPERATURE

s —0.80 //
3 ‘/
~ /
2
23 -0
2" 1
5
& Ve ==5.20V
=
© -iww
=20 20 4 60 80 100
Ambient Temperature T, (°C)
ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE
g
< "
N
o M
E
§ 12 /,//
1
% 10}
-§ Ver =—5.20V
9
< 8
6 L
-20 2 g 50 B0 100

Ambient Temperature T, (°C)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

<

E ~
&

2, //

g /

=]

3

=

&

; VAR
@ 4

Supply Voltage Vg (V)

OUTPUT ''0’’ LEVEL vs.
AMBIENT TEMPERATURE

8 =L
N
3
S
> L —
L —1
3
&
8 Ver =-5.20V
—18
L
- 6 %0 60 80 100
Ambient Temperature T, (°C)
ADDRESS ACCESS TIME vs.
SUPPLY VOLTAGE
13
&
<
=
'é 1
‘t 12 ]
@
§ | T——1 1 —
< 1y
§ Tu =257
3
< L
6 —

=572 =5.20 —=4.68

Supply Voltage Vgg (V)
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HM1 041 4, HM1 041 4'1 : Preliminary

256-word X 1-hit Fully Decoded Random Access Memory

The HM10414 is ECL 10K compatible, 2566-word x 1-bit, read/write, random
access memory developed for high speed systems such as scratch pad and control/
buffer storages.

The fabrication process uses the Hitachi’s low capacitance, oxide isolation meth-
od with double metalization.

The HM10414 is encapsulated in cerdip-16pin package, compatible with Fair-
child’s F10414.
® Fully compatible with 10K ECL level
® Address access time;  HM10414: 10ns (max.)

HM10414-1: 8ns (max.)
® Write pulse width: 6ns (min.) (DG-16)

Three chip select pins -
e Output obtainable by wired-OR (open emitter) PIN ARRANGEMENT

—
= TRUTH TABLE
PE— A, [Z E Dout
npu
= = - Output Mode A, E E_——WE
in
any one H X X L Not Selected A 3E E] Din
all L L L L Write <07 Ts,[5] 2] A,
all L L H L Write “1” TS, E A,
. H X Dout* Read —
all L ou eal G, IZ rl_—ql A,

X : Don'tcare VEE[E EA“

* : Read out non-inverted

(Top View)
s BLOCK DIAGRAM
Ayo— 8 g Dout
Ao—§ 8 £ 16x16 o5
A,o—13 A = | | Memory CS,
s 5 Cell o CSs

A; 0—¢ =

I 1 ! <}>—o WE

Sense Amp

Write Drivers
1 Din

Y Address
Decoder

"

A, A A, A,

Note) The specifications of this device are subject to change without
notice. Please contact your nearést Hitachi’'s Sales Dept. regard-
ing specifications.
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HM10414, HM10414-1

= ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Veg to Voo +0.5 to 7.0 v
Input Voltage Vin +0.5 to VEE \4
Output Current Tout -30 mA
Storage Temperature Tstg —65 to +150 °C
Storage Temperature Tstg (Bias)* —55to +125 °C

* Under Bias

= ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (VEE=—5.2V,R[=50Qto—2.0V, T,=0 to +75°C, air flow exceeding 2m/sec)

Item Symbol Test Condition min. (B) | typ. |max.(A) Unit
0°C| -1000 - -840
Vou +25°C -960 - -810
Outout Volt v v v +75°C -900 - -720 v
utput Voltage IN = or m
N THA O TILE o°c| -1870 | — | —1665
VoL +25°C| -1850 - —1650
+75°C| -1830 - —-1625
0°C| -1020 - -
Vouc +25°C -980 - -
Output Threshold Volt ViN=V, % 7SOl 920 | - v
utput Threshold Voltage = or - - - m
[N TIHB O TILA o°c — | 1645
VorLc +25°C - - -1630
+75°C - —1605
0°C| -1145 - —840
Guaranteed [nput Voltage =
Vi i +25°C| -1105 - —-810
High for All Inputs
+75°C| —1045 - -720
Input Voltage ~ mV
0°C| -1870 - —1490
Guaranteed [nput Voltage "
ViL +25°C| -1850 - —1475
Low for All Inputs
+75°C| -1830 — —1450
Iy VIN=Vma 0 to +75°C - - 220
Input Current CS o 0.5 - 170 LA
1, Vin =V, 0to+75°C
T Other = "ILB 50 | - -
All Input and Output Open, +75°C - —130 -
Supply Current Igg mA
Test Pin 8 0°C —180 —140 -

® AC CHARACTERISTICS (VEg=—5.2V+5%, T,=0 to + 75°C, air flow exceeding 2m/sec, see test circuit and waveforms)
1. READ MODE

HM10414 HM10414-1
Item Symbol Test Condition . - Unit
min. typ. max. min. typ. max.
Chip Select Accéss Time tacs - 3 6 - 3 6 ns
Chip Select Recovery Time trRes - 3 6 - 3 6 ns
Address Access Time taa - 7 10 - 6 8 ns
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HM10414, HM10414-1

2. WRITE MODE

Item Symbol Test Condition min. typ. max. Unit
Write Pulse Width tw twsa =2 ns 6 4 - ns
Data Setup Time twsD 1 0 - ns
Data Hold Time tWHD 1 0 - ns
Address Setup Time twsa tw =6 ns 2 0 - ns
Address Hold Time twHA 2 0 - ns
Chip Select Setup Time twscs 1 0 - ns
Chip Select Hold Time twWHCS 1 0 - ns
Write Disable Time tws - - S ns
Write Recovery Time twr - - S ns
3. RISE/FALL TIME
Item Symbol Test Condition min, typ. max. Unit
Output Rise Time tr - 1.5 2.5 ns
Output Fall Time ty - 1.5 2.5 ns
4. CAPACITANCE
Item Symbol Test Condition min. typ. max. Unit
Input Capacitance Cin - 3 5 pF
Output Capacitance Cout - 5 8 pF

= TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITIONS
GND

VEE R L=5082
C1,=30pF (includes jig and stray capacitance)

2. INPUT PULSE

-0.9V

80%
20%
-1.7V

tr t=1p=20s typ 't
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3. READ MODE

TS 50% Address 50%
faa
Dout 50%
|
. WRITE MODE
_ N /
cS 50% N 7

IR X

TEE—— e e e o —— -1 —"'“\/ /,——
Din 50%}\ —————————————————— ;
| S S p—y
{WHD

_ SORN. oo /
WE twsD \ / WHA
~—IwsA tw twHCS - -—=
Dout twscs 5t< —————— - ———-7l( 50%
tws ' twr |

GO HITACHI
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HM

Address Access Time 7 4 4 (ns) Supply Current Igg (mA)

Chip Select Access Time 7 4 og (ns)

150

10414, HM10414-1

SUPPLY CURRENT VS.
AMBIENT TEMPERATURE

200

180

160 P~

140 —

120

100

VEg=-5.20V

80 )
20 0 20 40 60 80 100

Ambient Temperature T, (°C)

ADDRESS ACCESS TIME
VS. AMBIENT TEMPERATURE

10
9 SR — —
P | — . - ———
7 ///
oA ‘
6 b — /’/
A-
\\N\\O_M/
5| "] §
~' Vegp=-5.20V
4 | | |
20 0 20 40 60 80 100

Ambient Temperature T4 (°C)

CHIP SELECT ACCESS TIME
VS. AMBIENT TEMPERATURE

6
!

[

VEg= 520V
|

0 L

-20 0 20 40 60 80 100
Ambient Temperature T, (°C)

SUPPLY CURRENT VS.

SUPPLY VOLTAGE
200
180
<
&
ig 160
Z —
g 140
=
S 120
=
wva
100
T4=25°C
80 .
-5.72 5.0 ~4.68

ADDRESS ACCESS TIME

Supply Voltage Vgg (V)

VS. SUPPLY VOLTAGE

10

1041

Address Access Time 7 4 4 (ns)

!QA\A—‘

[

-5.72

5.20

Supply Voltage Vgg (V)

CHIP SELECT ACCESS TIME
VS. SUPPLY VOLTAGE

6

19

Chip Select Time t 4 ¢g (ns)

G HITACHI

T4=25°C

5.72

5.20

4.68

Supply Voltage Vg (V)




Write Pulse Width tyy (ns)

WRITE PULSE WIDTH
VS. AMBIENT TEMPERATURE

6

Vgg =-5.20V

-20

0 20 40 60 80
Ambient Temperature T, (°C)

100

Write Pulse Width ¢ty (ns)

@ HITACHI

WRITE PULSE WIDTH
VS. SUPPLY VOLTAGE

Ta=25°C

-5.72

-5.20 -4.68
Supply Voltage Vgg (V)

HM10414, HM10414-1
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HM2110,HM2110-1,
HM2110-2

The HM2110 Series item is an ECL compatible, 1024-word x 1-bit, read/write, random access
memory developed for application to scratch pads, control and buffer memories, etc. which re-

quire high speeds.

@ It is compatible with 10K ECL logic.

® Chip selectaccesstime . ........... 10ns (max.)

@ Addressaccesstime . .. ........... HM2110: 35ns (max.)
HM2110-1: 25ns (max.)
HM2110-2: 20ns (max.)

@®Power consumption . . ... ......... 0.5mW/bit (typ)

® Output obtainable by Wired-OR (open emitter).

HETRUTH TABLE

Input
— — Output Mode (DG-16A)
CS WE Din
H X X L Not Selected
L L L L Write “0” HPIN ARRANGEMENT
L L H L Write “1” \
DoulE E\/cr
L H X Dout * Read
A..E E]Din
X ! irrelevant —
* . Read out noninverted A‘E EICS
A.E E'WE
A.E E]A.
EBLOCK DIAGRAM NG o
;\vo— a7 [10]a,
10— @ - -
O T . vee 3] of
Avo— <3¢ =5 Cell
>xa

Avo— ’_D__QDO,,, (Top View)
T e
oCS

Write Drivers

and
Sense Amp N\ F..

X Address
Decoder

<_p—
[TIT] L

As A¢ A; Ad A,

BABSOLUTE MAXMUM RATINGS

WE

Item Symbol HM2110 Series Unit
Supply Voltage Vee to Vee +0.5t0—-7.0 v
Input Voltage Vin +0.5toVee v
Output Current Tout ~30 mA
Storage Temperature Tstg —65to+ 150 °C
Storage Temperature Tstg (Bias) * —55to+125 °C

* Under Bias
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HELECTRICAL CHARACTERISTICS
@®DC CHARACTERISTICS (Vee=—-5.2V, R.=50Q to —2.0V, Ta=0to +75°C, air flow exceeding 2m/sec)

HM2110,HM2110-1,HM2110-2

Item Symbol Test Condition min.(B) | typ. | max.(A)| Unit
0°C | —1000 — | — 840
Vou +25°C | — 960 — | — 810
Vin= Vina +75°C | — 900 — | =720
t, Volt. \%
Output Voltage or Viis oC|-1870] — |—1665| ™
VoL +25°C | —1850 — | —1650
+75°C | —1830 — | —1625
0°C | —1020 —_ —
Voue +25°C | — 980 — —
Vin= Vius +75°C | — 920 — —
—— \"%
Output Threshold Voltage or Viea 0C — N YTy L
VoLc +25°C — — | —1630
+75°C — — | —1605
0°C | —1145 — | — 840
Guaranteed Input Voltage .
Viu High for All Input +25°C | —1105 — | — 810
et Vot 1gh tor AT Inputs el YT I 7Y .
e TR Gi teed Input Volt. 0°C | — 1870 — { ~14%0
Vie L“a”;" . Ip . oltage +25°C| —1850| — | —1475
ow tor AT fnputs +75°C | —1830| — | —1450
Iy Vin= Vina 0to+75°C - — 220
Input Current CS 0.5 — 170 A
Vin=V, 0to+75°C
I Other IN LB o 50 — —
. All Input and Output Open, 0= Ta<25°C| — 150 | —100 —
A
Supply Current fe2 | Test Pin 8 Taz25C| - 125] —90] —| "

@AC CHARACTERISTICS (Vee=—-52V +5%, Ta=0to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms)

1. READ MODE

Item Symbol Test Condition - HM2110 - HM2110-1 - HM2110-2 Unit
min. | typ. | max. | min. | typ. | max. | min. | typ. | max.
Ghip Select Access Time tacs - 7 10 — 7 10 — 7 10 ns
Chip Select Recovery Time tres - 7 10 — 7 10 — 7 10 ns
Address Access Time tan — 20 35 — 15 25 — 15 20 ns
2. WRITE MODE
Item Symbol Test Condition - HM2110 - HM2110-1 - HM2110-2 Unit
min. | typ. | max. | min. | typ. | max. | min. | typ. | max.
~ Write Pulse Width tw twsa=8ns 25 — — 25 — — 25 — — ns
Data Setup Time twsp 5 - — 5 — - 5 — — ns
Data Hold Time twrp 5 - - 5 — — 5 — — ns
Address Setup Time twsa tw=25ns 8 | — — 8 — — 8 — — ns
Address Hold Time twha 2 — — 2 — — 2 — — ns
Chip Select Setup Time twscs 5 —_ — 5 — — 5 — - ns
Chip Select Hold Time twics 5 - - 5 - —_ 5 - — ns
Write Disable Time tws — — 10 — — 10 — — 10 ns
Write Recovery Time twr — — 10 — — 10 — — 10 ns
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HM2110,HM2110-1,HM2110-2

3. RISE/FALL TIME
Item Symbol Test Condition min. typ. max. Unit
Output Rise Time i, — 5 — ns
Output Fall Time ty — 5 — ns
4. CAPACITANCE
Item Symbol Test Condition min. typ. max. Unit
Input Capacitance Cin — 5 pF
Output Capacitance Cout — 8 pF
BTEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION 2. INPUT PULSE
GND
16
1 oo 80%
HM2110 Ry C 20%
-7V
8 I t, t
r- = t, =t =2.5ns typ
0.01xF —=2.0V
= o RL=50Q
Vee CL=30pF (includes probe and
iig capacitance)
3. READ MODE
Address *50%
/ I\
L—l 44
Dout Vi
ViLa

4. WRITE MODE

154

cs 50% N\ o o 4
/
Address 50% >< _____________________ > {
—_—————— e Al )——————— |, e ——
Din 0% ——— e ——————
| .
wE L S0\ _______ ;
t wsp-=d
___________ WS4 tw
DO“! t V""y
wses Vit
l—tws [t wg————=
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Address Access Time t 4 4 (ns)

Supply Current Igg (mA)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

120
100
\\

80 <~
60
40
20

0

-20 0 20 40 60 80 100

Ambient Temperature T, (°C)

ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE

0

20

HM2110

HM2110-1
HM2110-2

AN />( P
1 L_—
=
> //
1

10

=20

0 k1 10 Hty R

Ambient Temperature T, (°C)

Ton

GO HITACHI

HM2110,HM2110-1,HM2110-2

Supply Current /gg (mA)

120

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

80

i

60

40/

20

-1 -2 -3 -4 =5

Supply Voltage Vg (V)

-6
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HM2112,HM2112-1

1024-word X 1-bit Fully Decoded Random Access Memory

The HM2112 is an ECL compatible, 1024-word x 1-bit, read/write, random access
memory developed for application to scratch pads, control and buffer memories,
etc. which require high speeds.

» FEATURES
@ Level ... .t i i e e 10k ECL Compatible
@ CONStIUCION . .. o o v vttt e e v ennnenaansasssnns 1024-word by 1-bit
® Address Access Time . . ... covvvnerniestannnas HM 2112 10ns (max.)
HM2112-1 8ns (max.)
® ChipSelect Access TiMe .....c.vveiirinrneennresnnnnnnnans 6ns (max.)
@ Power CoONSUMPLION . . oo v iveveeennnenneenennenns 0.8mW/hit (typ)
® Output Obtainable by Wired-OR (open emitter)
(DG-16A)
= TRUTH TABLE = PIN ARRANGEMENT
Input ]
s WE Din Ouiput Hode Dout [1] 9vcc
H X X L Not Selected A.,E @Din
L L L L Write “0” A3 Ea
L L H L Write “1 AzE E.\_V—E
L H X Dout * Read
X : lrrelevant » : Read out noniverted
NG ih.
s BLOCK DIAGRAM
A,E EA"
A, -
Ao— B4 $ 32x32 VEEE EA‘
A, 00— EE a Memory i
Aso— =2 E Cell (Top View)
Ao—— ES [ —Do—obout
— o o5
:&;‘me Drivers v\’}——OCS
Sense Amp M
j w_E
X Address
Decoder
.:::CF——"DM
AsAgA, A A,
s ABSOLUTE MAXIMUM RATINGS
Item Symbol HM2112 Unit
Supply Voltage Vee to Vee +0.5 to —7.0 \Y%
Input Voltage Vin +0.5 to Vee \'
Output Current Lou: —30 mA
Storage Temperature Teg —65 to +150 °C
Storage Temperature T.s (Bias)* —55 to +125 °C
* Under Bias
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= ELECTRICAL CHARACTERISTICS

® DC CHARACTERISTICS

(Vee=—5.2V, R.=500 to —2.0V,

HM2112,HM2112-1

Ta=0 to +75C, air flow exceeding 2m/sec)

Item Symbol Test Condition B typ. A Unit
0C | —1000 — —840
Von +25C | —960 — —810
Output Volt Vin=Vina +75TC —900 — —1720 v
utput Voltage
P 8 or ViLs oc|-1870| — | —1e65|
VoL +25C | —1850 — —1650
+75C | —1830 — —1625
0C | —1020 — —_
Vonc +25C —980 — —
Vin=Vius +75TC —920 — —
Output Threshold Voltage mV
or Via Ot - - —1645
Vorc +25C — — —1630
+75C - — —1605
0C | —1145 — —840
Guaranteed Input Voltage
Vi +25TC | —1105 — —810
High for All Inputs
Input Volt +75C | —1045 — —720 v
npu
put Yoltage oc | —1870| — | —1490| "
Guaranteed Input Voltage
ViL +25C | —1850 — —1475
Low for All Inputs
+75C | —1830 — —1450
I Vin=Vina 0 to +75TC — — 220
Input Current CS 0.5 — 170 A
P arren I Vin=ViLs 0 to +75TC A
Other —50 — —
All Input and Output Open, Ta=0TC | - 230 | — 180 —
Supply Current Iee mA
Test Pin 8 Ta=T75T — - 150 —

e AC CHARACTERISTICS

1. READ MODE

(Vee=—5.2V £5%, Ta=0 to +75T, air flow exceeding 2m/sec, see test circuit and waveforms)

. HM2112-1 HM2112 .
Item Symbol Test Condition ey tvp. oy in. typ. oy Unit
Chip Select Access Time tACS 1 3 6 1 3 6 ns
Chip Select Recovery Time tRCS 1 3 6 1 3 6 ns
Address Access Time tAA 3 6.5 8 3 7.5 10 ns
2 WAITE MOD; Symbol Tost Conditi HM2I121 HAM2112 Unit
em ymbo: est Condition pormy tvp. powwy e tvp. e
Write Pulse Width tw twsa = 3ns 7 2 — 7 2 — ns
Data Setup Time twsD 1 0 — 1 0 — ns
Data Hold Time tWHD 1 0 — 1 0 — ns
Address Setup Time twsA tw = Tns 3 0 — 3 0 - ns
Address Hold Time tWHA 2 0 - 2 0 . ns
Chip Select Setup Time twscs 1 0 - 1 0 ns
Chip Select Hold Time twHCS 1 0 - 1 0 = ns
- Write Disable Time tws 5 3 1 5 3 1 ns
Write Recovery Time tWR 1 3 5 1 3 5 ns
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HM2112,HM2112-1

3. RISE/FALL TIME

Item Symbol Test Condition min. typ. max. Unit

Output Rise Time tr 0.8 1.5 2.5 ns

Output Fall Time tr 0.8 1.5 2.5 ns
4. CAPACITANCE

Item Symbol Test Condition min. typ. max. Unit

Input Capacitance Cin 1 3 5 pF

Output Capacitance Cout 3 5 8 pF

= TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE

GND
T -0.9v
16 . 80%

20%
-1.7v
HM2112 Ry L . tf
8 ’J: tr=1tr=2.0ns typ
0.01uF -2.0V
;r o Ry =500
VEE Cy = 30pF (includes probe and jig capacitance)

3. READ MODE

Address ¥50%
/ |\
N

Dout i 50%

4. WRITE MODE

CS 50%Y

Address
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Supply Current I (mA)

Chip Select Access Time tacs (ns)

SUPPLY CURRENT
vs. AMBIENT TEMPERATURE

200

180 \
160
140 ]
120
100
Veg= =520V
80
-20 0 20 40 €0 80 100
Ambient Temperature 7a (C)
ADDRESS ACCESS TIME
vs. AMBIENT TEMPERATURE
10
%9
o 8
£ WML ]
& —-—/I/
2 7 1
8 | | weuap—
<
a 6
1
=]
]
< 5
Vep=—520V
4
—20 0 20 40 60 80 100

Ambient Temperature 1, ()

CHIP SELECT ACCESS TIME
vs. AMBIENT TEMPERATURE

Vee=—5.20V

-20 0 20 40 60 80 100
Ambient Temperature 7. ('c)

SUPPLY CURRENT
vs. SUPPLY VOLTAGE

200

180

=
3

=
S

I}
S

Supply Current Ies (mA)

=
3

Ta=25C

80

Address Access Time tas (ns)

Chip Select Access Time tacs (ns)

~5.72 ~5.20 ~468
Supply Voltage. ver (v)

ADDRESS ACCESS TIME
vs. SUPPLY VOLTAGE

Ta=25C

=572 —5.20 —468

Supply Voltage Ve: (v)

CHIP SELECT ACCESS TIME
vs. SUPPLY VOLTAGE

5
4
——
—
—
3
2
1
Ta=25C
0
—5.72 -5.20 —468

@ HITACHI

Supply Voltage vee (V)

HM2112,HM2112-1
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HM2112,HM2112-1

WRITE PULSE WIDTH WRITE PULSE WIDTH
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE
6 6
5 5
. D=
RN
£ £
BN ]
z 3 z 3
% 2 £ »
g 2
= =
1 L
Veg=—520V Ta=257C
0 | 0
—20 0 20 40 60 80 100 572 ~520 —468
Ambient Temperature 7. (') Supply Voltage vee (v)
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H M 1 0422 Preliminary

256-word x 4-bit Fully Decoded Random Access Memory

The HM10422 is ECL 10K compatible, 256-word x 4-bit, read/write, random
access memory developed for high speed systems such as scratch pads and control
buffer storages.

Four active Low Block Select lines are provided to select each block indepen-
dently.

The fabrication process uses the Hitachi’s low capacitance, oxide isolation meth-
od with double metalization.

The HM10422 is encapsulated in cerdip-24pin package, or 24pin flat package,

compatible with Fairchild’s F10422. (DG-24A)

= FEATURES s PIN ARRANGEMENT

® 256-word x 4-bit organization veea [T T\ 54 Vee
® Fully compatible with 10K ECL level

® Address access time: 10ns (max) DO, IZ EDO,
® Write pulse width: 6ns(min) B, E_i] BS,
® Power dissipation: 0.8mW/bit

® Output obtainable by wired-OR (open emitter) Do, 2__1} bo,

|

=
_(l)

Rk

]
(4]
» TRUTH TABLE (5]
Input Output Mode o E: EI ot
BS WE Din o1, [7] % Pl
H X x L Not Selected WE 8] 17 A,
L L L L Write “0” As[9] 16]As
L L H L Write “1” A[10) E
L H X Dout* Read A, E EA‘

Notes: X ; irrelevant

<
<)
&
=
()

#+ ; Read Out Noninvert

(Top View)
= BLOCK DIAGRAM . .
[ Y-Decoder/Driver l
IS S U S S S
A, O0—]
Memory Cell Array
A 5 256 Words x 4 Bits
£
I
Ao— 3§
g
8
A,0— X
A.O—
Block 0 Block 1 Block 2 Block 3
WE R/W Circuit R/W Circuit R/W Circuit R/W Circuit . . . .
Note) The specifications of this device are subject to change without

- ing specifications.

Y

8 g 4 g K &g
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HM10422

= ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vgg to Vee +0.5 to —7.0 v
Input Voltage Vin +0.5 to VEg \%
Output Current Tout -30 mA
Storage Temperature Tstg —65 to +150 °C
Storage Temperature Tstg (Bias)* —55to +125 °C
* Under Bias
s ELECTRICAL CHARACTERISTICS (Vgg = —52V,R; =50 to —2.0 V, T, =0 to +75°C,
eDC CHARACTERISTICS air flow exceeding 2 m/sec)
Item Symbol Test Condition B typ. A Unit
0°C | —1000 - -840
Von +25°C -960 - -810
ViN=V +75°C -900 - —720
Output Voltage N HA .mV
or Vip 0°C | —1870 - —1665
VoL +25°C | -1850 - -1650
+75°C | —1830 - -1625
0°C | —1020 - -
VoHc +25°C -980 — -
ViN=V +75°C -920 — —
Output Threshold Voltage N IHB A mV
or VILA 0°C — — —1645
YoLe +25°C - - -1630
+75°C — - —1605
0°C | —1145 - -840
Guaranteed Input Voltage S
Vg +25°C | —-1105 - —-810
High for All Inputs S
+75°C | —1045 - -720
Input Voltage mV
0°C | —1870 - —1490
Guaranteed Input Voltage =
Vi +25°C | —1850 - —1475
Low for All Inputs =
+75°C | —1830 - —1450
l]H VIN = VIHA 0 to +75°C -— - 220
Input Current ! BS ” v 0 75°C 0.5 - 170 RA
= to +
IL Other IN ILB _50 B _
All Input and Output Open, T,=0°C -200 | —-160 -
Supply Current Igg mA
Test Pin 12 Tq=175°C - | —145 -
® AC CHARACTERISTICS
1. READ MODE
Item Symbol Test Condition min. typ. max. Unit
Block Select Access Time tABS - - 5 ns
Block Select Recovery Time tRBS - - 5 ns
Address Access Time taa - 7 10 ns
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HM10422

2. WRITE MODE

Item Symbol Test Condition min. typ. max. Unit
Write Pulse Width tw twsa =2 ns 6 4.5 - ns
Data Setup Time twsp - 0 - ns
Data Hold Time tWHD - 0 - ns
Address Setup Time twsa tw=6ns 2 0 - ns
Address Hold Time tWHA - 0 - ns
Block Select Setup Time 'WSBS - 0 - ns
Block Select Hold Time twhBs - (] - ns
Write Disable Time tws - 4 - ns
Write Recovery Time tWR — 45 - ns
3. RISE/FALL TIME
Item Symbol Test Condition min. typ. max. Unit
Output Rise Time ty - 2 - ns
Output Fall Time tr - 2 - ns
4. CAPACITANCE
Item Symbol Test Condition min. typ. max. Unit
Input Capacitance Cin - 4 | — pF
Output Capacitance Cout - 7 - pF

® TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION

Test Circuit
T Vee (GND)

Dout
M.U.T.

Ry, ;
0.01pF ;-[ VEiE 2.0V

Ry =50Q

C1,=30pF (includes
probe and jig
capacitance)

cL

2. INPUT PULSE

-1.7V

t,=tg=2.5ns
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HM10422

3. READ MODE

BS 50% 50%
! ! Address '

i 1IRBS | | IV

Dout 50%

l : S .é:I
=

4. WRITE MODE

BS 50% 5'\ iy,ﬂk

X

Address
__________ m———— e

Din

WE tWSD\< 50% 50% 7/ IWHA

twsa Tw tWHBS
—— o —— — o —— ——
Dout twsps 50% 50%
IWR
tws '
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Supply Current /g (mA)

Address Access Time 74 4 (ns)

Block Select Access Time ¢4 gg (ns)

SUPPLY CURRENT VS.
AMBIENT TEMPERATURE

200

180

160
\

140 S~

VEp =-5.20V

-20 0 20 40 60 80 100
Ambient Temperature T, (°C)

ADDRESS ACCESS TIME
VS. AMBIENT TEMPERATURE

8 —
7
Vg =-5.20V
|
20 0 20 40 60 80 100

Ambient Temperature T, (°C)

BLOCK SELECT ACCESS TIME
VS. AMBIENT TEMPERATURE

6

VEgE=-5.20V

0 L |

-20 0 20 40 60 80 100
Ambient Temperature T, (°C)

SUPPLY CURRENT Vs.
SUPPLY VOLTAGE

HM10422

200
180
-
<
g
[SEERCIY s s
8 \\_\
E ——
S 140
3
>
o 1200 —
o
=
w2
1001
T, =25°C
80 l
-5.72 -5.20 -4.68

Address Access Time t 4 4 (ns)
o

Supply Voltage Vgg (V)

ADDRESS ACCESS TIME
VS. SUPPLY VOLTAGE

f I

8 i
\ /
7 U
T4=25°C
6 l
~5.72 ~5.20 ~4.68

Supply Voltage Vgg (V)

BLOCK SELECT ACCESS TIME
VS. SUPPLY VOLTAGE

6
2
E 5
[
3
?E, 4
= —
» \
% 3 S
Q
8 n —
<
S 2
3
vl
-4
Q
S ©°
M To=25°C

0

-5.72 -5.20 -4.68

GO HITACHI

Supply Voltage Vgg (V)
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Write Pulse Width ¢y (ns)

166

WRITE PULSE WIDTH
VS. AMBIENT TEMPERATURE

6

-20

I
\‘
—~
| |
VEp=-5.20V
1 ||
0 20 40 60 80 100

Ambient Temperature T,(°C)

Write Pulse Width tyy (ns)

@ HITACHI

WRITE PULSE WIDTH
VS. SUPPLY VOLTAGE

-5.72

-5.20
Supply Voltage Vg (V)




H M 1 00422 Preliminary

256-word X 4-bit Fully Decoded Random Access Memory

The HM100422 is ECL 100K compatible, 256-word x 4-bit, read/write, random
access memory developed for high speed system such as scratch pads and control/
buffer storages.

Four active Low Block Select lines are provided to select each block indepen-
dently.

The fabrication process uses the Hitachi’s low capacitance, oxide isolation meth-
od with doubie metaiization.

The HM100422 is encapsulated in cerdip-24pin package, or 24pin flat package
compatible with Fairchild’s F100422.

= FEATURES (DG-24A)
® 256-word x 4-bit organization
® Fully compatible with 100K ECL level
° A(.jd.ress access time: 10ns (max.) . = PIN ARRANGEMENT
® Minimum write pulse width: 6ns (min.)
® Low power dissipation: 0.8mW/bit DI;E -/ 24| DI,
® Output obtainable by wired-OR (open emitter) -
= TRUTH TABLE DO;E ZZJA=
Ttem Output Mode BS, E E A,
BS WE Di
H X X L Not Selected v
L L L L Write *0” ce[6] 19] A,
L L H L Write “1” Veea[7] 18] Ve
L H X Dout* Read DO, [8] 17] A,
Notes: X ; irrelevant BS,[9] 16] A,
* ; Read Out Noninvert DO, @ E As
= BLOCKDIAGRAM ,  , 55,11 4] WE
P99 oL, [ o1,
Y-Decoder/Driver | (TOp VIeW)
- T O 0
A, 0]
Memory Cell Array
ao— g 256 Words x 4 Bits
s
po— 3 _/\
-
A, 0— *
A,0—
Block 0 Block 1 Block 2 Block 3
OGS
WEO—{ R/W Circuit R/W Circuit R/W Circuit R/W Circuit
Note) The specifications of this device are subject to change without
(JJ é &o ]é_ é_ <g_ J)_ J)n J{ <IJ" Aj 1” notice. Please contact your nearest Hitachi's Sales Dept. regard-
bag Bag Kaglkasg ing specifications.
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HM100422

= ABSOLUTE MAXIMUM RATINGS (7,=25°C)

Item Symbol Rating Unit
Supply Voltage VEg to Vee +0.5 to —-7.0 v
Input Voltage Vi +0.5 to VEg \%
Output Current Tout -30 mA
Storage Temperature Tsty —65 to +150 °C
Storage Temperature Tstg (Bias)* —55to +125 °C

* Under Bias

m ELECTRICAL CHARACTERISTICS

e DC CHARACTERISTICS (Vgg=-4.5V, R;=50% to-2.0V, T,=0 to + 85°C, air flow exceeding 2m/sec)

Item Symbol Test Condition B typ. A Unit
Output Voltage Vou Vin=Vma or Viip ~1025 953 880 mv
VoL -1810 | —1705 | —1620 mV
Vouc —1035 - - mV
Output Threshold Voltage Vore Vin=Vmmor Vg ~ 110 i
Input Voltage Vi Guaranteed Input Voltage ~1165 - | —880 mv
ViL High/Low for All Inputs -1810 — | —147S mV
Iy Vin = ViHa - - 220 uA
Input Current BS 0.5 _ 170
In. Vin=ViLs Others -50 - - HA
Supply Current Igg All Inputs and Outputs Open —-200 -165 - mA
® AC CHARACTERISTICS (VEg=-4.5V+5%, T,=0 to + 85°C, air flow exceeding 2m/sec).
1. READ MODE
Item Symbol Test Condition min typ. max. Unit
Block Select Access Time tABS S ns
Block Select Recovery Time tRBS N ns
Address Access Time taa 10 ns
2. WRITE MODE
Item Symbol Test Condition min. typ. max. Unit
Write Pulse Width tw twsa =2 ns 6 4.5 - ns
Data Setup Time twsp - 0 — ns
Data Hold Time tWHD - 0 - ns
Address Setup Time twsa tw=6ns 2 0 - ns
Address Hold Time tWHA - 0 - ns
Block Select Setup Time twsBS - 0 - ns
Block Select Hold Time twHBS - 0 - ns
Write Disable Time tws - 4 - ns
Write Recovery Time twr - 45 - ns
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3. RISE/FALL TIME

HM100422

Item Symbol Test Condition min. typ. max. Unit
Output Rise Time ty - 2 - ns
Output Fall Time tr - 2 - ns
4. CAPACITANCE
Item Symbol Test Condition min. typ. max. Unit
Input Capacitance C; — 4 — pF
Output Capacitance Cout - 7 - pF

= TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION

Test Circuit

T Vee (GND)

M.U.T.

0.01pF

L}
; EE

3. READ MODE

Dout

g

CL

2.0V

R; =500

C1,=30pF (includes
probe and jig
capacitance)

2. INPUT PULSE

-1.7V

t,=t=2.5ns

50%
Address '

| VN

T
I
|
Dout XSE%
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4. WRITE MODE

5B 50% Y

50%

Address 50% ><
—_—_——TrT——— \\\ K ____________
Din 50‘77 N
e e e - — —————
_ t \k 50% 50% A
WE wSD o
twsa W
50 50
Dout twsBS % %
[WR
tws '
170 @ HITACHI



HM1 0470, HM1 0470-1 : Preliminary

4096-word X 1-bit Fully Decoded Random Access Memory

The HM10470 is ECL 10K compatible, 4096-words x 1-bit, read/write, random
access memory developed for high speed systems such as scratch pads and control/
buffer storages.

The fabrication process uses the Hitachi’s low capacitance, oxide isolation meth-
od with double metalization.

The HM10470 is encapsulated in cerdip-18pin package, compatible with Fair-
child’s F10470.

m FEATURES
® 4096-word x 1-bit organization (DG-18)
® Fully compatible with 10K ECL level
® Address access time: HM 10470 25 ns (max) = PIN ARRANGEMENT
) HM10470-1 15 ns (max) \/
® Write pulse width: HM 10470 20 ns (min) Dout E i_§] Vee
HM10470-1 15 ns (min) A
® Low power dissipation: 0.2mW/bit o[2] [17]Din
® QOutput obtainable by wired-OR (open emitter) AxE I__GJ'C-§
s TRUTH TABLE A,[z EW_E
Input Output Mode As E E Ay
cs WE Din A, 6] [13)A, 0
H X X L Not Selected As [Z 1__2] A,
L L L L Write “0” A
L L H L Write “17 ‘E 11 A,
L H X Dout* Read VEE E E As
Notes) X; irrelevant (Top View)

*; Read Out Noninvert

= BLOCK DIAGRAM

A,
A, 0—1
@

Ao— g5 £ 64 x 64

38 M 8 Memory Cell

g 8 = emory Cel
Ao— <& 5 Array

* =
A, 0—

D,

Asg out

Sense Amp and

Write Drivers cs
WE
Y Address
Decoder
Din

RNy

A A, Ay Ay A Ay,

Note) The specifications of this device are subject to change without
notice. Please contact your nearest Hitachi's Sales Dept. regard-
ing specifications.
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HM10470, HM10470-1

= ABSOLUTE MAXIMUM RATINGS (7,=25°C)

Item Symbol Rating Unit
Supply Voltage VEg to Veeo +0.5 to -7.0 v
Input Voltage Vin +0.5 to VEg \%
Output Current Tout -30 mA
Storage Temperature Tstg —65 to +150 °C
Storage Temperature Tytg (Bias)* —55to +125 °C

* Under Bias

m TEST CIRCUIT AND WAVEFORMS
® DC CHARACTERISTICS (Vgg=-5.2V, R, =50  t0-2.0V, T,=0 to + 75°C, air flow exceeding 2m/sec)

Item Symbol Test Condition B typ. A Unit
~0°C | —1000 — -840
Vou +25°C -960 - —-810
ViN=V +75°C -900 - -720
Output Voltage IN=TIHA mV
or Vg 0°C | —1870 - 1665
VoL +25°C | —1850 - -1650
+75°C | —1830 — -1625
0°C | —1020 - —
Voue +25°C -980 - -
ViN=V, +75°C -920 — -
Output Threshold Voltage N B mV
or Vira 0°C - - —1645
VOLC +25°C - - -1630
+75°C — — —1605
0°C | —1145 - -840
Guaranteed Input Voltage
Vi X +25°C | —1105 - —-810
High for All Inputs 5
+75°C | —1045 - -720
Input Voltage mV
0°C | —1870 - —1490
Guaranteed Input Voltage -
43 +25°C | —1850 - -1475
Low for All Inputs
+75°C | —1830 - -1450
Iy VIN = Vi 0 to +75°C - - 220
Input Current ! BS y v 0 75°C 0.5 - 170 BA
= to +75°
L Other = 'ns -50 - -
R —-200* | —-160*
Supply Current Ieg All Input and Output Open, Ta=0°C 230 | —180°* — mA
Test Pin 9
Te=75°C - —145 -
*HM10470 **HM10470-1
® AC CHARACTERISTICS (Vgg=-5.2V+5%, T,=0 to + 75°C, air flow exceeding 2m/sec)
. HM10470 HM10470-1
Item Symbol Test Condition - Unit
min. typ. max. | min. typ. max.
Chip Select Access Time tacs 10 - - 8 ns
Chip Select Recovery Time | trcg - - 10 - - 8 ns
Address Access Time taa - - 25 - - 15 ns
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HM10470, HM10470-1

2. WRITE MODE

Item Symbol Test Condition _ HM10470 _HM10470-1 Unit
min. | typ. | max. | min. | typ. | max.
Write Pulse Width tw twsa = 3ns 20 — - 15 _ _ ns
Data Setup Time twsD 2 - - 2 - - ns
Data Hold Time twHD 2 - - 2 - — ns
Address Setup Time twsA tw =20 ns 3 - - 3 - - ns
Address Hold Time tWHA 2 - - 2 - - ns
Chip Select Setup Time twscs 2 - - 2 - - ns
Chip Select Hold Time twHCS 2 - - 2 - - ns
Write Disable Time tws - - 10 - - 8 ns
Write Recovery Time twr - - 10 - - 8 ns
3. RISE/FALL TIME
Item Symbol Test Condition min. typ. max. Unit
Output Rise Time ty - 2 - ns
Output Fall Time ty - 2 - ns
4. CAPACITANCE
Item Symbol Test Condition min. typ. max. Unit
Input Capacitance Cin - 3 - pF
Output Capacitance Cout - 5 - pF

uw TEST CIRCUIT AND WAVEFORMS
1. LOADING CONDITION

Test Circuit
? Vce (GND)

|

Dout
M.U.T.

Rj, ;
0.01pF ;-[ VEiE 2.0V

cL

RL=SOQ
¢1,=30pF (includes
probe and jig
capacitance)
2. INPUT PULSE
0.9V - —-——
I
l
]
-1.7V o
| |
[ S
t,=t;=2.5ns
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HM10470, HM10470-1

3. READ MODE

Address 50%

TAA

Dout 50%

4. WRITE MODE

o 50% 5‘\

Address 50%{ 50‘7><

____________ —

tWHD

VE twsv\k 50% 50% 7/ IWHA
t
wsa 13 twHCs
_____ e e ——————
Dout twscs 50% 50%
IWR
tws i
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SUPPLY CURRENT VS.
AMBIENT TEMPERATURE

200
180
<
E
= 160
=
g ]
£ 140 T~
; \\.
& 120
@
100
VEE=~5.20 \%
80 | I
-20 0 20 40 60 80 100
Ambient Temperature T, (°C)
ADDRESS ACCESS TIME
VS. AMBIENT TEMPERATURE
35
30
&
RS
o
.E
[}
3
<
2 15
2
E ‘//
10
VEE:ASAZO \'%
5
-20 0 20 40 60 80 100
Ambient Temperature T, (°C)
CHIP SELECT ACCESS TIME
VS. AMBIENT TEMPERATURE
6
—_ S
&
w0
S 4
s
=
£ 3 o
2
A
a2
5
1
VEE=-5.20V
0
-20 0 20 40 60 80 100

Ambient Temperature T, (°C)

@ HITACHI

Supply Current Igg (mA)

Address Access Time £ 4 4 (ns)

HM10470, HM10470-1

SUPPLY CURRENT VS.
SUPPLY VOLTAGE

180

140

120

160

100

Chip Select Time 74 ¢g (ns)

Tq=25°C

-5.72

-5.20
Supply Voltage Vgg (V)

—-4.68

ADDRESS ACCESS TIME
VS. SUPPLY VOLTAGE

35
30
25
20
15
10
T4=25°C
5
—5.72 -5.20 ~4.68

6

Supply Voltage Vgg (V)

CHIP SELECT ACCESS TIME
VS. SUPPLY VOLTAGE

Tq=25°C

-5.72

-5.20
Supply Voltage Vg (V)

-4.68

175



HM10470, HM10470-1

Write Pulse Width ¢y (ns)

176

WRITE PULSE WIDTH
VS. AMBIENT TEMPERATURE

35
30
25
20 et
15
10
VEE =-5.20V
S
-20 0 20 40 60 80

" Ambient Temperature T,(°C)

100

WRITE PULSE WIDTH
VS. SUPPLY VOLTAGE

35

30

25

20

Write Pulse Width ¢y (ns)

Tg=25°C
|

i
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1iM2504,HM2504 -1

!56-word X 1-bit Fully Decoded Random Access Memory

“he HM2504 Series item is a TTL compatible, 256-word x 1-bit, read/write random access
nemory developed for application to buffer memories, control memories, high-speed main
nemories, etc. This is a fully decoded, read/write random access memory perfectly compatible
vith the standard DTL and TTL logic family, designed as an open collector output type for

implicity of expansion.

pLevel v e i i TTL compatible
»Construction - - ...l 256-word x 1 bit
» Read access tiMe <« . vcvvvvnnrnnnennn HM2504: 55ns (max.)
HM2504-1: 45ns (max.)
» Chip select access time ... ............. 30ns (max.)
» POWEr CONSUMPLION -« = v v v vvenencnnnns 1.8mW/bit (typ)
POULPUL  « e e teiiieeiieaennaaneennns Open collector
(DG-16)
BTRUTH TABLE HPIN ARRANGEMENT
Inputs Output a7 ~
— — pen Mode :
CS WE Din Collector A E
any one H X X H Not Selected Ts, E:
all L L L H Write “0” & [
all L L H H Write “1” &, 5]
all L H x Dout * Read 5]
x : Don'’t care A E
* ! Read out inverted GND E
(Top View)
HEBLOCK DIAGRAM
Ao O—]
Ao— 2 & ” 16X 16
A1 O——] é, ;L: 1 2] Memory
A 00—+ e a
> ; Cells —]r\ obem
| =
Sense Amp {3————%%:
and CS,
Write Drivers
| e
Y Address
Decoder
LI Ll
Ac As A A,

5| Ay

o

(=]

41 A
13| Din

WE

m

Ay

As

>

CIJETENENE]

@ HITACHI
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HM2504,HM2504-1

BABSOLUTE MAXIMUM RATINGS

Item Symbol HM2504, HM2504-1 Unit

Supply Voltage Vee —0.5to+7.0 A
" Input Voltage Vin —05t0+5.5 v
Input Current lin —12t0+5.0 mA
Output Voltage (E);iput High) Vout —0.5to+5.5 ' \%
Output Voltage (DC Output Low) Tout + 20 mA

Storage Temperature Tstg —65to+150 ‘¢
Storage Temperature Tstg(Bias). —55to+125 °C

* Under Bias

HELECTRICAL CHARACTERISTICS

®DC CHARACTERISTICS (Vcc=5.0V 5%,

Ta=0 to +75°C, air flow exceeding 2m/sec)

HM2504 Series
.  —

Item Symbol Test Condition Unit

min. typ. max.
Output Voltage Vo Vee=4.75V, oL =16mA 0.3 0.45 A%
et Ut Vin Guaranteed Input Voltage High 2.0 1.6 —- \%
S T TREsE ViL Guaranteed Input Voltage Low - 15 0.85 \"
Iy Vee=5.25V, Vin=4.5V — 0 20 | xA
Input. Current I Vec=525V, Vin=0 — | 530 | —800 | «A
Output Leakage Current Icex Vee=5.25V, Vout=45V - 0 50 uA
Input Clamp Voltage Vi Vee=5.25V, lin=—10mA — -10 | -15 \'
Supply Current lec Vee=5.25V 0< Ta<25°C — — 135 | mA
All input GND Ta=25°C — — 130 mA

@AC CHARACTERISTICS (Vcc=5.0V+5%, Ta=0to +75°C, air flow exceeding 2m/s, see test circuit and waveforms)

1. READ MODE

. HM2504 HM2504-1 )
Item Symbol Test Condition - - Unit
. min. | typ. | max. [ min. | typ. | max.
Chip Select Access Time tacs — 12 30 - 12 30 ns
Chip Select Recovery Time tres — 18 25 — 18 25 ns
Address Access Time laa — 35 55 — 30 45 ns
2. WRITE MODE
Item Symbol Test Condition A HM2504 . HM25041 Unit
min. | typ. max. | min. | typ. max.
Write Pulse Width tw twsa=0ns 30 8 — 30 8 . ns
Data Setup Time twsp 0 0 — 0 0 — n?
Data Hold Time twhp 5 0 — 5 0 — ns
Address Setup Time twsa tw =30ns 0 0 — 0 0 —_ ns
Address Hold Time twha B 5 0 — 5 0 — ns
Chip Select Setup Time twscs 0 0 - 0 0 — ns
Chip Select Hold Time twhcs 5 0 - 5 0 - ns
Write Disable Time tws - 14 35 - 14 35 ns
Write Recovery Time twr — 12 40 -— 12 407 __:\s—
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HM2504,HM2504-1

3. CAPACITANCE

. HM2504 HM2504-1 .
Item Symbol Test Condition - - Unit
min. typ. max. | min. | typ. max.
Input Capacitance Cin — 3 5 — 3 5 pF
Output Capacitance Cout — 6 8 — 6 8 pF
BTEST CIRCUIT AND WAVEFORMS
|. LOADING CONDITION 2. INPUT PULSES

y N —-T 4
Vi
& 300Q 3.5Vp.p
10%
Dout ov
16 6
600Q

C 10ns
HM2504 J—go’;F 10ns

or
HM2504-1

Note:Cw includes jig and stray capacitance

“_S—\K / o X

Dout

. READ MODE

Dout

—tacs Pt RCS f——————t 44

(All time measurements refer to 1.5V)
. WRITE MODE

ERa S
= Y B

X X

f—— t ———

WE \
N

twsa t WHC

— t WSCS: '
Dout

b=t ws v ——-twp

(All time measurements refer to 1.5V)
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HM25

Input Current [i» (mA)

Supply Current Icc (mA)

Supply Current Igg (mA)

180

04,HM2504-1

INPUT CHARACTERISTICS

0.5

Ta=100C
5 Z}
—30 vy

=05

—30

-2 0 6 8

Input Voltage Vj; (V)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

120

S
3

80

60

Vee =5.25V

40
Al

Input Low Level

=20 2 10 60 80

Ambient Temperature T, (°C)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

100

120

100

/]

0 1 4
Supply Voltage Ve (V)

Output Current lout (mA)

Address Access Time f 4 4 (ns)

OUTPUT CHARACTERISTICS

: /
Iy

Ta=100C

!
)

30

; ///
/ Output Low Level
1
1 0.

.2 0.3 0.4 0.5 0.6

0 0.

Output Voltage Vout (V)

ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE

70

2
© HM2504 /]
HM2504 1
~
10
/
- |1
p—T
20
10
—-20 20 40 60 RO 100

Ambient Temperature T, (°C)
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HM2510,HM2510-1,
HM2510-2

1024 -word X 1-bit Fully Decoded Random Access Memory

I'he HM 2510 Series item is a 1024-word x 1-bit read/write random access memory developed
or application to buffer memories, control memories, high-speed main memories, etc. It is a
ully decoded, read/write, random access memory perfectly compatible with standard DTL and
I'TL logic families, desigend as an open collector output type for simplicity of expansion.

yLevel +rerrereietiaiaaen TTL compatible
» Construction - - ...oinennn 1024-word x 1 bit
» Read access time . ......... HM2510: 70ns (max.)

HM2510-1: 45ns (max.)
HM2510-2: 35ns (max.)
» Chip select access time ..... HM2510: 40ns (max.)
HM2510-1: 30ns (max.)
HM2510-2: 25ns (max.)
» Power consumption ........ 0.5mW/bit
»Output - ... Open collector

HETRUTH TABLE

(DG-16A)

HEPIN ARRANGEMENT

%

6

cs

4
5

Z

Inputs
pr— — Output Mode
CS WE Din
H X X H Not Selected
L L L H Write “0”
L L H H Write “1”
L H X Dout * Read

X : Don’t care
* . Read out non-inverted

EBLOCK DIAGRAM

”
o—] &
A, g = 2 32x32
3 ':
P— g S— —
Az 3 3 =}
Ao—— T X o Memory
3 > 5 y
A, 0—ri 2 Cell
.

Dout

GND

CIEIETEIEEETET

Binlnlnlslalnls

(Top View)

| [

'_D———q Dout

Sense Amp <o L cs
and i \_.r
Write Drivers
| A
Y Address
Decoder /j
LT —

As As Ay Ay As
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HM2510,HM2510-1,HM2510-2

BABSOLUTE MAXIMUM RATINGS

Item Symbol HM2510 Series Unit
Supply Voltage Vee —0.5t0+7.0 A%
Input Voltage Vin —0.5to+5.5 \Y%
Input Current Iin —12to+5.0 mA
Output Voltage (Output High) Vout —0.5to+5.5 v
Output Voltage (DC Output Low) lout +20 mA
Storage Temperature Tstg —65to+ 150 °C
Storage Temperature Tstg(Bias)® —55to+125 °C

* Under Bias

HMELECTRICAL CHARACTERISTICS
@®DC CHARACTERISTICS (Vcc=5.0V+5%, Ta=0 to +75°C, air flow exceeding 2m/sec)

HM2510 Series .
Item Symbol Test Condition - -— Unit
min. typ. max.
‘Output Voltage Vor Vee=4.75V, lor=16mA — 0.3 0.45 \%
I Volt Vi Guaranteed Input Voltage High 2.1 1.6 — \Y%
t

nput Yoltage Vio Guaranteed Input Voltage Low — 15 0.80 \%
I Vee=5.25V, Vin=45V — 0 40 uA

Input Current L1y Vee=5.25V, Vin=5.25V 0 1.0 mA
Im Vee=5.25V, Vin=10.4V - —250 | —400 | LA

Output Leakage Current Icex Vee=5.25V, Vout=4.5V — 0 100 uA
Input Clamp Voltage Vi Vee=5.25V, lin=—10mA — -1.0 —-15 \%
Supply Current fee Vee=5.25V 0< Ta<25°C — — 155 mA
All input GND Taz25°C — 95 130 mA

® AC CHARACTERISTICS (Vcc=5.0V£5%, Ta=0to +75°C, air flow exceeding 2m/sec)
1. READ MODE

HM2510 HM2510-1 HM2510-2 .

Item Symbol Test Condition - - - Unit

min. | typ. | max. | min. | typ. | max. | min. | typ. | max.
Chip Select Access Time tacs - 15 40 — — 30 — 15 25 ns
Chip Select Recovery Time tres — 25 40 — — 30 — 17 25 ns
Address Access Time tas — 40 70 — 35 45 — 25 35 ns
2. WRITE MODE
HM2510 HM2510-1 HM2510-2
Item Symbol Test Condition - Unit
min. | typ. | max. | min. | typ. | max.| min. | typ. | max.

Write Pulse Width tw twsa =min 50 10 — 35 10 — 25 10 - ns
Data Setup Time twsp 5 0 - 5 — — 5 0 — ns
Data Hold Time twip 5 0 — 5 — — 5 0 — ns
Address Setup Time twsa tw=min 15 0 — 5 — — 5 0 — ns
Address Hold Time twha 5 0 — 5 — — 5 0 — ns
Chip Select Setup Time twscs 5 0 —_ 5 — — 5 0 - ns
Chip Select Hold Time twics 5 0 — 5 — — 5 0 — ns
Write Disable Time tws — | 20 40 — 20 35 — 15 25 ns
Write Recovery Time twr — 30 55 - 30 45 — 15 25 ns
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HM2510,HM2510-1,HM2510-2

3. CAPACITANCE

. HM2510 Series
Item Symbol Test Condition - Unit
min. typ. max.
Input Capacitance Cin - 3 5 pF
Output Capacitance Cout — 6 8 pF

ETEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Ve
Q
Vee 90%
3009
T 3.5Vpp
16 7 Dout ' 10%
- o oV
HM2510 S$ = 30pF b~
3 10ns 10ns
8

Note:/CL includes probe and stray capacitance
3. READ MODE

§j§ | / e ><

Dout
Dout

’j tRCS
F—tacs taa

(All time measurements refer to 1.5V)

4. WRITE MODE

s 3 4

s | K X

WE twsp SK’ v [l WHD

et wsA—— EWHC

twscs
Dout

tws

f——t WR

(All time measurements refer to 1.5V)
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HM2510,HM2510-1,HM2510-2

Input Current / j, (mA)

—0.5

INPUT CHARACTERISTICS

0.5 Ta=100C— T
25—
=307
0 / -y
-Lo Ta=100°C
25
~15 --30.
-2.0
Vee =56.00V
-2 0 2 4 6 8 10

Supply Current Io¢ (mA)

Supply Current /o (mA)

184

Input Voltage V;, (V)

SUPPLY CURRENT vs.
AMBIENT TEMPERATURE

120
 —
100 —
\.\
80
60
40
Vee =525V
20 All Input GND ™|
0 | |
~20 o 20 40 60 80 100

Ambient Temperature T, (°C)

SUPPLY CURRENT vs.
SUPPLY VOLTAGE

120

100 /
80
/

60 /
n
20 /

J
0 2 1 5
Supply Voltage Ve (V)

Output Current /;, (mA)

Address Access Time 1 4 4 (ns)

OUTPUT CHARACTERISTICS

,3" i

Ta=100"C ]
4/
/J

20

10

Vee =5.00V
Output Low Level |

0 0.1 0.2 0.3 0.4 0.5 0.6

Output Voltage V¢ (V)

ADDRESS ACCESS TIME vs.
AMBIENT TEMPERATURE

HM 2510

30

]

=20 o 20 10 60 0 oo

Ambient Temperature T, (°C)

@ HITACHI



1M2511,HM2511-1

1024-word X 1-bit Fully Decoded Random Access Memory

rhe HM2511 Series item is a 1024-word x 1-bit read/write random access memory with tri-
tate output developed for application to buffer memories, control memories, high-speed main
nemories, etc. It is a fully decoded, read/write, random access memory perfectly compatible
vith standard DTL and TTL logic families.

rLevel ai et TTL compatible

» Construction -+ ... 1024-word x 1 bit

» Read access time . ........ HM2511: 70ns (max)
HM2511-1: 45ns (max)

» Chip select access time ..... HM2511: 40ns (max)
HM2511-1: 30ns (max)

» Power consumption . ....... 0.5 mW/bit

OUtPUL - - et i tri-state

' TRUTH TABLE

Input Output
CS WE Din Co(l)ll:ec':or Mode
H X X High Z Not Selected
L L L High Z Write “0”
L L H High Z Write “1”
L H X Dout * Read

X > Don’t care

(DG-16A)

= PIN ARRANGEMENT

]

16] Veo

5] Din

EIEIE]
z

LJEIET

FCE A EEEE

%* [ Read out noninverted Dout A
GND As
(Top View)
I BLOCK DIAGRAM
Aoo——‘
A O—-— g 5 ‘;‘ a2x32
A20 Eg — 5 — Dout
A 2 2 Memory Cell
30— S
Ao =
Sense Amp
And cs

Write Drivers

J

Y Address
Decoder

As As A7 As A9

O HITACHI
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= ABSOLUTE MAXIMUM RATINGS

Item Symbol HM2511 Series Unit

Supply Voltage Vee —0.5t0o+7.0 A%
Input Voltage Vi —0.5to+5.5 A%
Input Current N L. — 12t0 +5.0 mA
AOutput Voltage (Output High) Vour —0.5to +5.5 \Y
Output Voltage (DC Output Low) Lout +20 mA
Storage Temperature Tos —65 to +150 ‘C
Storage Temperature T.s (Bias)* —55 to +125 °C

* Under Bias

® ELECTRICAL CHARACTERISTICS

e DC CHARACTERISTICS (Vcc=5.0V+5%, Ta=0 to +75°C, air flow exceeding 2m/sec)

I

HM2511 Series

Item Symbol Test Condition - T Unit
min. typ. max.
Output Low Voltage Vo Vece=4.75V, Io.=16mA — 0.3 0.45 \%
o Vin Guaranteed Input Voltage High 2.1 1.6 — \%
Input Voltage
ViL Guaranteed Input Voltage Low — 1.5 0.8 \%
I Vee=5.25V, V.=4.5V — 0 40 MA
Input Current Iy 2 Vee=5.25V, V.=5.25V —_ 0 1.0 mA
I Vee=5.25V, Va.=0.4V — —250 | —400 KA
Torr 1 VCC=5.25V, Veur=2.4V - - 50 /JA
Output Current (High Z)
Torr 2 Vee=5.25V, Vou:=0.5V — — —50 MA
Output Current Short Circuit to Ground Ios Vee=5.25V — — —100 mA
Output High Voltage Von Ion=—10.3mA, Vec=5.0V+5% 2.4 — — A
Input Clamp Voltage Vi Vee=5.25V, I.=—10mA — —1.0 —1.5 \Y
Vee=5.25V 0= Ta<25C — — 155 mA
Supply Current fee All input GND Taz25C — 95 130 | mA
® AC CHARACTERISTICS (V(:=5.0V+5%, Ta=0 to +75C, air flow exceeding 2m/sec)
1. READ MODE
' HM2511 HM2511-1
Item Symbol Test Condition - — T - Unit
min typ. max. min typ. max.
Chip Select Access Time tacs — 15 40 — — 30 ns
~ Chip Select to High Z tocs | — | 2 40 — | = 30 ns
Address Access Time [t — 40 70 — 35 45 ns
2. WRITE MODE
Item Symbol Test Condition HMz511 HMz511-1 Unit
min typ. max. min. | typ. max.
Write Pulse Width tw twsa=min 50 25 — 35 10 — ns
- Data Setup Time twsp 5 0 — 5 — — ns
Data Hold Time twip 5 0 — 5 — — ns
i Address Setup Time twsa tw=min 15 ) 0 — 5 — — ns
Address Hold Time twha 5 0 — 5 — — ns
Chip Select Setup Time twscs 5 0 —_ 5 — —_ ns
Chip Select Hold Time twhcs 5 0 — 5 — — ns
Write Disable to High Z tzws — 20 40 — 20 35 ns
Write Recovery Time twr — 42 55 — 30 45 ns
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HM2511, HM2511-1

3. CAPACITANCE

. HM2511 Series
Item Symbol Test Condition - Unit
min. typ. max.
Input Capacitance Ci - 3 5 pF
Output Capacitance Cont — 9 11 pF

® TEST CIRCUIT AND WAVEFORMS

1. LOADING CONDITION 2. INPUT PULSE
Vee
3002 %%
Dout Dout
_L 3.5Vpp
HM2511 < 173 HM2511 < a
:tsgoTaopF 1K= 30pF 10%
ov
1. 1 R
10ns 1ons
Load A Load B

Note:CL includes probe and stray capacitance

3. READ MODE

Ao+ As
ADDRESS X
Dout
LOAD A
tacs Dour : d
L
'

(All time measurements refer to 1.5V)
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4. WRITE MODE

cs . 55

X X

e tv—

HIGH Z i
LOAD A Sk
Dour —
fe——tWR-
LOAD B
JiGHzZ

(All above measurements referenced to 1.5V)

5. WRITE ENABLE TO HIGH Z DELAY

HM2511 :;%00 5pF Dour ‘0"LEVEL —J,;)o.sv
<
“I'LEVEL
1 Josv
= Docr \ HIGH 2
— — — HIGH
Load C

6. PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z

s 1.5V
tzkes.
Dot “0'LEVEL
“I'LEVEL
Dovr

(All tzx x x parameters are measured at a delta of 0.5V from the logic level and using Load C.)
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HN25044, HN25045

1024-word X 4-bit Programmable Read Only Memory

The HITACHI HN25044 and HN25045 are high speed electrically program-
mable, fully decoded TTL Bipolar 4096 bit read only memories organized at 1024
words by 4 bits with on-chip address decoding and two chip enable inputs. The
HN25044 and HN25045 are fabricated with logic level “‘zeros” (low); logic level
“ones’’ (high) can be electrically programmed in the selected bit locations. The
same address inputs are used for both programming and reading.

= FEATURES
® 1024 words x 4 bits organization (fully decoded)
e DTL/TTL Compatible inputs and outputs
o Fast read access time; 35 ns typ. (50 ns max.)
e Medium power consumption; 500 mW typ.
e Two Chip enable inputs for memory expansion
e Open collector outputs (HN25044)/Three-state outputs (HN25045)
e Standard cerdip 18-pin package

= BLOCK DIAGRAM

. Output
Multiplexer — Buffer ——-00,

[T

4996 BIT T

Multiplexer ~ |— gr}?e\:t 00,

[T

K5
1

Memory Cell . . Output
Array * Multiplexer  — Buffer OO0,
TTTT 1T 77
[HEE
%o Multiplexer | g&;ﬁ;t —00,

—

Word Decoder

hi
gg‘gfr;ss ggtr}f;iss (I-Ena%le
bbbb8d 4448 5 4
AgA; Ay Ay A A Ag i)-/ Ag A CE, CE,
= ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Item Symbol Rating Unit
Supply Voltage Vee —0.5to +7.0 \Y
Input Voltage VIN —0.5to +5.5 v
Output Voltage Vour —0.5to +5.5 v
Output Current Iour 50 mA
Operating Temperature Topr —25t0 +75 °c
Storage Temperature Tstg —65 to +150 °c
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(DG-18)

= PIN ARRANGEMENT
N\

AsI_T_ EVCC
Aq[ 2] [17]A,
A,[3] 16]A,
A,[4] 15| A,
AqL5] 14]o,
A,[e] 13]o,
=[] o.

GND [ 9] [10]<E,

(Top View)

® OQUTPUT STAGE SCHEMATICS
%

* HN25044 C

1.6k
16 Input
Multiplexer
Output
1.5k
750

CE2

* HN25045

16 Input
Multiplexer

CEl
CE2



s DC CHARACTERISTICS

(Vee=4.75 10 5.25 V, T,=0 to +75°C)

HN25044, HN25045

Item Symbol Test Condition HN25044 HN25045 Unit
min, typ. max. min, typ. max.
Input Voltage Vin 2.0 — — 20 - — v
Vie = - 08 | - - 0.8 v
Output Voltage You fop=—2mA - — _ 24 _ — v
Vor | lor=16mA p — 045 | — | = [o0a5 | V
Input Current Ity Vig=27V — — 40 ' — [ 40 KA
TiL ViL=04 V - — | —0a T = - | =04 | mA
Output Leakage Current IoLk Vour=58V - 100 | - - 19 A
. Vout=0.4 V - i - 40 — - 40
Input Clamp Voltage Vi I;p=—18 mA - - -1.2 1 - - -1.2 \
Power Supply Current Ice Input Either Open or at Groun - 100 136 | — 100 130 mA
Output Short-circuit Current Ios Vout=0 V - - - | 15 30 60 mA
Input Capacitance Cin Vin=2V, Vee=0V - 5 10 | — 5 10 pF
Output Capacitance Cout | Vour=0V, Vee=0V - EERE 7 12 pF

m AC CHARACTERISTICS (V(¢c=4.75105.25V, T,=0 to 75°C)

Item Symbol | min. typ. max. Unit
Address Access Time 17V - 35 50 ns
Chip Enable Access Time tACE — 20 30 ns
Chip Enable Disable Time | tpcE - 20 30 ns

= SWITCHING WAVEFORMS

[1 SV
Address
Input
[ Y t_/: —
Z— 1.5V
Output

1.5 VXK

ACCESS TIME VIA ADDRESS INPUTS

® SWITCHING TIME TEST CONDITIONS

OUTPUT LOAD CIRCUIT

Notes: 1. Typ. value is at Vo= 5.0 V and Te= 25°C
2. Output disable time is the time taken for the output to reach
a high resistance state when either chip enable is taken high.
Output enable time is the time taken for the output to be-
come active when both chip enables are taken low. The high
resistance state is defined as a point on the output waveform
equal to a AV of 0.5 V from the active output level.

Chip Enable ___f **V LS VR
Input
tpcE “17—] tace “17
12
’ Y05V ¥ 15V
Output GND
or e
Output !DCE*“0”— f— tace 0
15V
|
OUTPUT ENABLE AND DISABLE TIMES
SWITCHING HN25044 HN25045
PARAMETER R1 R2 Cr R1 R2 L
taa 30052 | 60092 | 30 pF | 3009 | 60082 |30 pF
tace 1" - - - o 60092 | 10 pF
tace 0" 30052 | 60052 | 10 pF | 30002 | 60082 | 10 pF
tpce 1" - — — ~ | 6009 |30pF
tpce 0" 30052 | 6000 |30 pF | 300 | 60092 |30 pF

INPUT CONDITIONS
Amplitude — 0V to3V
Rise and Fall time — 5ns from 1V to 2V
Frequency — 1 MHz
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HN25044, HN25045

= TYPICAL DC CHARACTERISTICS

INPUT CURRENT VS, OUTPUT LOW CURRENT VS.
INPUT VOLTAGE OUTPUT LOW VOLTAGE
100
-
2 i
g O b 80
= < Vec=50V
z \ % K cc
=
- ! s 60
= Veo=45V &
£ ‘ 5 /
L 50V S
3 1 | z 40
5 5.5V 3 /
£ H pd
5 20
e

2 0 /
-1 0 1 2 0 200 400 600
Input Voltage Vin (V) Output Low Voltage Vop (mV)

OUTPUT HIGH CURRENT VS.
OUTPUT HIGH VOLTAGE

(HN25045)
0 7/
= //
£ -10 e
S |
S
z %K Vecsd.SV |
I | ‘
E 50V
S 3 gd |
3 / 55V
e+
5 -40
Q.
3
é
-50
0 1 2 3 4 5

Output High Voltage Vog (V)

= TYPICAL AC CHARACTERISTICS

ACCESS TIME VS. ACCESS TIME VS.
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
(HN25044) (HN25045)
50 50
2 Vec=4.5V 2 40
g 40 2 Vee=4.5V
< |
= SO0V N 50V
2 P g ¥ -
[ =
g 20 £ 20—
o
< S5V < 55V
10 10
0 0
=25 0 +50 +100 =25 0 +50 +100
Ambient Temperature T, (°C) Ambient Temperature Tq (°C)
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Disable Time fpcg (ns)

Enable Time f7cg (ns)

Delay Time Increase (ns)

DISABLE TIME VS.
AMBIENT TEMPERATURE

DISABLE TIME VS.
AMBIENT TEMPERATURE

(HN25044) (HN25045)
25 5
20 Z 2
Vee=4.5V 8
\_ | A & cc=4.5 V.
)
/% ;
I
10 =——— SOV__| = 10
\e et - —
SV 2 50V
T
| 55V
0 i 0
-25 0 +50 +100 -25 0 +50 +100
Ambient Temperature T, (°C) Ambient Temperature T, (°C)
ENABLE TIME VS. ENABLE TIME VS,
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
(HN25044) (HN25045)
T
20 £ 2
g |
Voc=4.5V = ‘
go 2 Vec=4.5 V
— \ R — \
10 = 10 —
N —
| Vsov | \ sov
?'5 v SS5v
0 | 0 |
=25 0 +50 +100 -25 0 +50 +100
Ambient Temperature T4 (°C) Ambient Temperature T, (°C)
DELAY TIME INCREASE VS. DELAY TIME INCREASE VS.
LOAD CAPACITANCE LOAD CAPACITANCE
(HN25044) (HN25045)
0 0 T
|
40 Z 40 .
> |
‘G'N) 30 l
30 E Add to tAcE |
()
Add to Access & Del?y l
20 Delay tAA f; 20 1 i i
) Add to
Add to ] g Access Delay A4 }*/
tDCE “0” Delay | | ]
o— p— 10 | —
/ 1
// % |
0 0 |
0 100 200 300 0 100 200

Load Capacitance Cj, (pF)

GO HITACHI

Load Capacitance Cy, (pF)

300

HN25044, HN25045
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HN25044, HN25045

= PROGRAMMING INFORMATION

Hitachi’s sophisticated Fine Emitter technology and programming
pulse method enables higher programmability and faster programming
time ordinary PROMs, for the highest reliability.

Fast programming time of typically 10 us/bit is achieved with a fine
emitter cell which requires less programming energy; thus, negligible
thermal stress. Further, Hitachi advanced technology allows very high
programmability of typically 99%.

To assure that the element is programmed properly, an additional
four programming pulses are applied immediately after a sense pulse
indicates conduction in the programmed bit. This high reliability
feature virtually eliminates aluminum migration in the programmed
cell.

One extra row and one extra column of test cells, plus additional
circuitry built into the PROM chip, allow improved factory testing of
DC, AC and programming characteristics. These test cells and test cir-
cuitry provide enhanced correlation between programmed and unpro-
grammed circuits in order to guarantee high programmability and
reliability.

The device is manufactured with outputs low (positive logic “zero”)
in all storage cells. To make an output high at a particular cell, a junc-
tion must be changed from a blocking state to a conducting state. This
procedure is called programming.

PROGRAMMED CELL (CROSS SECTION)

A logic ‘'one’’ can be permanently programmed into a selected bit
location. The desired bit for programming is selected using eight address
inputs to turn on transistors Q1 and Q2. By taking either (or both) chip
enable inputs high, the chip is disabled and transistor Q3 is held off.
Then, a train of programming pulses applied to the desired output flows
through the junction into transistor Q1. This programming current
changes the junction to the conducting state. The pulse train is stopped
as soon as the sensed voltage indicates that the selected bit is in the
logic in state.

An additional 4 programming pulses are required to ensure that the
bit is fully programmed, and to achieve high reliability. One output
must be programmed at a time, since the internal decording circuit is
capable of sinking only one unit of programming current at time.

INTERNAL PROGRAMMING CIRCUIT

2 Q,

)(Aluminum Memory |
AL ~ -
A, o
N* Output
/ / N* Buried Layer j
Ag
/ / P Substrate A, Q,
P/(Base) — — (’
N/ (Emitter) E‘ gl }-——————'
CE,
= PROGRAMMING SPECIFICATION
Characteristic Limit Unit Notes
Ambient Temperature 255 °c
Programming Pulse
Amplitude 130 £ 5% mA
Clamp Voltage 20 + 0%-2% \
Ramp Rate 70 max. V/us
Pulse Width 7.5+ 5% us 10 V point/150%2 load
Duty Cycle 70% min,
Sense Current
Amplitude 20t 0.5 mA
Clamp Voltage 20 + 0%-2% v
Ramp Rate 70 max. V/us
Sense current interruption before and after address change 10 min. us
Programming Vo 5.0 + 5%-0% \%)
Maximum Sensed Voltage for programmed *'1" 7.5+0.1 \%
Delz\t/nfgginv;::;:g edge of programming pulse before sensing 0.7 min. us
Programming Time Allocation/Bit 100 max. ms
Additional Programming Pulse Number 4 Time
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HN25044, HN25045

" TYPICAL WAVEFORMS

[ /
VIL—/ 10 us 7.5 us 10 ps

Additional Pulse Train

A

Programming Pulse ——-- -

Sense Pulse-—————— — —— —
75Vref-—"" "7~

0.7 us 0.7 us

H F Il if Il

Sense Strobe
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HN25084, HN25085 Preliminan

2048-word x4-bit Programmable Read Only Memories

The HITACHI HN25084 and HN25085 are high speed electrically program-
mable, fully decoded TTL Bipolar 8192 bit read only memories organized as 2048
word by 4 bit with on-chip address decoding and one chip enable input. The
HN25084 and HN25085 are fabricated with logic level “zeros” (low); logic level
“ones” (high) can be electrically programmed in the selected bit locations. The
same address inputs are used for both programming and reading.

m FEATURES

® 2048 word x 4 bit organization (fully decoded)

® DTL/TTL compatible inputs and outputs

® Fast read access time: 40 ns typ. (60 ns max) (DG-18)

® Medium power consumption: 550 mW typ.

® One chip enable input fer memory expansion = PIN ARRANGEMENT

® Open collector outputs (HN25084)/Three-state outputs (HN25085) J

® Standard cerdip 18-pin dual in-line package A“LT_ E' Ve

= OPERATION AL 17 A,

® Programming A4E EAB
A logic one can be permanently programmed into a selected bit location by AJE EA‘?

using programming equipment. First, the desired word is selected by the eleven

address inputs in TTL level. The device is disabled by bringing CE to a logic “one”. A"E E O,

Then a train of high current programming pulses is applied to the desired output. A1|_6__ T_E] 0,

Aftelzr' the sensed vo.|ta'ge mdl'cates that' the selected bit is in the logic “one’’ state, an AzE E] o,

additional pulse train is applied, then is stopped.

® Reading A,[8 11] 0,
To read the memory the device is enabled by bringing CE to a logic “zero”’. The GNDE E <E

outputs then correspond to the data programmed in the selected word.

(Top View)

s LOGIC DIAGRAM

Ay O—
A, O—
As 0]
ADDRESS 1:128 8192 BIT
A0 BUFFER || DECODE ] (128 x 64)
MEMORY CELL ARRAY

Ay oo ]
Ay O——o]
Ao

I I [ I
A, O—xo]

1:16 1:16 1:16 1:16
A7 O—— ADDRESS Multi- Multi- Multi- Multi-

BUFFER plexer plexer plexer plexer
Ay O——o]
A, O—-o
ouTPUT | |OUTPUT | [OUTPUT| |OUTPUT
BUFFER | | BUFFER | | BUFFER | [ BUFFER
o—] CcHiP J | JHl| Jl |
CE ENABLE i (L l
[¢] o
O, 0, o, o,

Note) The specifications of this device are subject to change without
notice. Please contact your nearest Hitachi’s Sales Dept. regard-
ing specifications.
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ABSOLUTE MAXIMUM RATINGS

HN25084, HN25085

Item Symbol Rating Unit
Supply Voltage Vee -0.5t0+7.0 \"
Input Voltage ViN -0.5to+5.5 \%
Output Voltage Vour —-0.5to+5.5 v
Output Current Iour 50 mA
Operating Temperature Topr ~25to +75 °C
Storage Temperature Tstg —65 to +150 °C
I DC CHARACTERIESTICS (Vee=4.75t05.25V, T, =010 75°C)
Characteristic Symbol Test Conditions min. typ. max. Unit
Input High Voltage Vig 2.0 - - A\
Input Low Voltage ViL - - 0.8 v
Input High Current Ity V=21V — - 40 HA
Input Low Current —Irp V=04V - - 0.40 mA
Output Low Voltage VoL Iop =16 mA - - 0.45 v
Output Leakage Current Iork1 Vo=5.25V - - 100 A
Output Leakage Current IoLk2 Vo=04V - - 40 HA
Input Clamp Voltage Vic Ir=-18 mA - -1.2 v
Power Supply Current Icc Inputs Either Open or at Ground - 110 150 mA
Output High Voltage* Vou Io=-2mA 2.4 - - A\
Output Short Circuit Current* —Ipos Vo =0V 15 - 60 mA
* Note: Applicable to HN25089 only.
1 AC CHARACTERISTICS (Voc=4.75t05.25V, T, =0to 75°C)
Characteristic Symbol Test Conditions min. typ. max. l]nit
Address Access Time taa - 40 60 ns
Chip Enable Access Time tACE - 20 35 ns
Chip Enable Disable Time tDCE - 20 | 35 ns
\lote 1. Output Load: See Fig. 1.
\ote 2. Measurement Reference: 1.5 V for both inputs and outputs.
Vee
R, Z 3000
r 00, (DUT)
|
l
— 0
CLZ=30pF R 60
1
i
1
7 7
Fig. 1
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HN25084, HN25085

= PROGRAMMING SPECIFICATION

Characteristic Limit Unit Notes
Ambient Temperature 2545 °C
Programming Pulse
Amplitude 130£5% mA
Clamp Voltage 20+2% v
Ramp Rate 70 max. V/us
Pulse Width 7.5¢5% us 10 V point/15082 load
Duty Cycle 70% min.
Sense Current
Amplitude 20x0.5 mA
Ctamp Voltage 20+2% A\
Ramp Rate 70 max. V/us
Sense Current Interruption before and after address change 10 min. us
Programming Ve 5.0+5%—-0% v
Maximum Sensed Voltage for programmed “1” 7.5+0.1 \Y
Delay from trailing edge of programming pulse before sensing output voltage 0.7 min. us
Programming Pulse Number 100 max. ms
Additional Programming Pulse Number 4 Time

Ao Vin
Ao

ViL /
. Vi
CE

ViL 10 us 7.5 us 10 us

Additional Pulse Train
A

Programming Pulse

Sense Pulse ~——- === == ———
75Vref.-"" T TTTC

Sense Strobe
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iN25088, HN25089

1024-word X 8-bit Programmable Read Only Memories

The HITACHI HN25088 and HN25089 are high speed electrically program-
nable, fully decoded TTL Bipolar 8192 bit read only memories organized as 1024
vords by 8 bits with on-chip address decoding and four chip enable inputs. The
4AN25088 and HN25089 are fabricated with logic level “zeros” (low): logic level
‘ones” (high) can be electrically programmed in the selected bit locations. The
iame address inputs are used for both programming and reading.

FEATURES

1024 words x 8 bits organization (fully decoded)

DTL/TTL compatible inputs and outputs

Fast read access time: 40 ns typ. (60 ns max)

Medium power consumption: 600 mW typ.

Four chip enable inputs for memory expansion

Open collector outputs (HN25088)/Three-state outputs (HN25089)
Standard cerdip 24-pin dual in-line package

OPERATION
Programming
A logic one can be permanently programmed into a selected bit location by
1sing programming equipment. First, the desired word is selected by the ten address
nputs in TTL level. The device is disabled by bringing CE1 and/or CE2 to as logic
‘one”” or CE3 and/or CE4 to a logic “zero”. Then a train of high current program-
ning pulses is applied to the desired output. After the sensed voltage indicates that
he selected bit is in the logic one state, an additional pulse train is applied, then is
topped.
» Reading

To read the memory the device is enabled by bringing CE1 and CE2 to a logic
‘zero”, CE3 and CE4 to a logic “one”’. The outputs then corresponed to the data
yrogrammed in the seiected word.

1 LOGIC DIAGRAM

A; O———ADDRESS) 1:64 8192 BIT

BUFIFER DECODE (64 x 128)
Ao MEMORY CELL ARRAY

ADDRESS
BUFFER

«
=
=1
2

CE20— cqp
ENABLE

OUTPUT

0,
\lote) The specifications of this device are subject to change without
notice. Please contact your nearest Hitachi’s Sales Dept. regard-

ing specifications.

@ HITACHI

Preliminary

(DG-24)

= PIN ARRANGEMENT

A,[1
w0
As[3]
A.[4]
S5
A6
A
A [
03]
o.[
0,1}

GND[12]

-/

E Vee
[19] CE,
18] CE,
15]o,
o,

130,

(Top View)

199



HN25088, HN25089

= ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee -0.5 to +7.0 \
Input Voltage Vv —05to+5.5 v
Output Voltage Vour —-0.5to+5.5 \%
Output Current Iour 50 mA
Operating Temperature Topr —25to+75 °C
Storage Temperature Tstg —65 to +150 °C

m DC CHARACTERISTICS (Jgc=4.75 to 5.25 V, T,=0 to +75°C)

Characteristic Symbol Test Conditions min. typ. max. Unit
Input High Voltage Vg 2.0 - - A\
Input Low Voltage Vi, - - 0.8 A\
Input High Current ) Iy V=21V - - 40 kA
Input Low Current —Irp Vi=04V — — 0.40 mA
Output Low Voltage Vor Iop =16 mA - - - 0.45 A\
Output Leakage Current Iork1| Vo=525V - - 100 A
Output Leakage Current lIork2| Vo=04V - - 40 HA
Input Clamp Voltage Vie Ir=-18mA - - -1.2 \"
Power Supply Current Icc Inputs Either Open or at Ground - 120 160 mA
Output High Voltage* Vo | lo=-2mA 24 | - - %
Output Short Circuit Current* —Ios Vo=0V 15 - 60 mA

* Note: Applicable to HN25089 only.

= AC CHARACTERISTICS (Vcc=4.75t05.25V, T, =0to 75°C)

Characteristic Symbol Test Conditions min. typ. max. Unit
Address Access Time taa - 40 60 ns
Chip Enable Access Time tACE - 20 35 ns
Chip Enable Disable Time tDCE - 20 35 ns

Note 1. Output Load: See Fig. 1.
Note 2. Measurement Reference: 1.5 V for both inputs and outputs.

Vee

R, Z 3000

00, (DUT)

CL==30pF R, 6000

7z
Fig. 1

Vb
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HN25088, HN25089

I PROGRAMMING SPECIFICATION

Characteristic Limit Unit Notes
Ambient Temperature 2545 °C B
Programming Pulse
Amplitude 130+5% mA
Clamp Voltage 20+2% \Y%
Ramp Rate 70 max. V/us
Pulse Width 7.5+5% us 10 V point/150%2 load
Duty Cycle 70% min.
Sense Current
Amplitude 20:0.5 mA
Clamp Voltage 20+2% v
Ramp Rate 70 max. V/us
Sense Current Interruption before and after address change . 10 min. us
Programming Ve 5.0+5%—0% \
Maximum Sensed Voltage for programmed ““1” 7.5+0.1 \"
Delay from trailing edge of programming pulse before sensing output voltage 0.7 min. us
Programming Pulse Number 100 max. ms
Additional Programming Pulse Number 4 Time
Vee /
DX )
As ViL N
Vin /
CE
ViL /|10 us 7.5 us ) 10 us
Additional Pulse Train —
Programming Pulse ——-- - A

Sense Pulse-—— —— —— — —— —
75Vref-—"" 77777

0.7 us 0.7 us

Sense Strobe F J-I.”.ﬂ e [—L
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HD2912

Quadruple TTL-to-MOS Clock Drivers

The HD2912, a clock driver for the MOS memory, has basically the NAND function. Its input
is @ TTL level and its output becomes an N MOS clock input level. It operates on two power
supplies — Vcc (5V) and Vpp (12V). It anticipates taking as its load a maximum of ten units
of 4K-bit N MOS memories and can drive a load capacity of 400 pF at high speed.

® TTL-MOS level converter circuit

® Switching time: 50 ns (max.)

® | oad capacity drivable: 600pF

® Mounted with 4 circuits

® Applicable temperature: 0 to 70°C

HABSOLUTE MAXIMUM RATINGS

(DG-16)

HPIN ARRANGEMENT

Item Symbol HD2912 Unit Vi | 1 16| vee
Vee* 7.0 v .
Supply Voltage « — i E E ¥
Voo * 18.0 \Y
0 op
Input Voltage Vin * 5.5 \"
Load Capacitance CL** 600 pF B E E B
Power Dissipation Prrrt 800 mW B, E E B,
Operating Temperature Topr 0to+70 °C N E E A
Storage Temperature T —65t0+150 °C
. Y E E Y,
* With respect GND
% % per circuit GND E 3 NC
% * % per package
(Top View)
HRECOMMENDED OPERATING CONDITIONS
Item Symbol min. typ. max. Unit
Supoly Volt Vee 4.75 5.0 5.25 \%
oltage
i & Voo 114 12 12.6 v
Operating Temperature Topr 0 25 70 °C
Load Capacitance CL 100 — 600 pF
Damping Resistance Rp 10 - — Q
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HD2912

BELECTRICAL CHARACTERISTICS (72=0t0+70°C, Vcc=5V+5%, Vop=12V+5%)

Item Symbol Test Condition min typ. * max. Unit
Input Volt ViL 2.0 — — A%
fput Voltage Vin 7 - - 0.8 v
VoL Via=2V, Io.=0.1mA — 0.45 0.6 A%
Output Vol
utput Voltage Von Va=08V, lon=—01mA | Vop—09 | 115 — T v
A 1”_ 14,.:0.4V — —1 —16 mA
B 'n - — -2 -32 mA
A I — - 4 A
Input Current IH Vie2.4V 0 ©
B Iin - - - 80 zA
1 Via=5.5V - - - 1 mA
Ippu V=0V — 16 24 mA
Ippr V=5V - 0.5 mA
Power Supply Current Iech | V=0V — 12 18 mA
IccL Vin=5V — | 67 100 mA
Input Clamp Voltage Vi lin=—12mA — — —-15 \%
* Vcc=5V, Vpp=12V
BSWITCHING CHARACTERISTICS (Ta=0 to +70C, Vcc=5V, Vop=12V)
Item Symbol Test Condition min. typ. max. Unit
Rising Delay Time toLu — 35 50 ns
Falling Delay Time tDHL CL=300pF — 25 45 ns
Rise Time trin Rp=0Q — 12 25 ns
Fall Time ITHL | — 12 25 ns
ot R
@TEST CIRCUIT AND WAVEFORMS )
90% 3
ot 15V
Vee Vou i 0%  10% o
te e
Input toLn ~— -~ =t L
Ry Vou
oG Output Vpn -2V j— Vo =2V
: .
’%‘(’OQ I Output
/ T2V
A k——— Vor
r—tTLH —= F—l THL
te =250ns,teyere =350ns,tf =t, =10+ 1ns
FALLING DELAY TIME RISING DELAY TIME
vs. LOAD CAPACITANCE (1) vs. LOAD CAPACITANCE (2)
50 50
E 40 3 40& Ro= 1 /:/
R ] a o
: — N I O
E % %/ - E 30
=
= /'iD’QQ E
B 1 5}
Q )
a0 80
£ 5
= Voo=12V & Vop=12V
=10 Veessy 10 Vee=sV |
Ta=25C—1 Tal:ZS'CM
|
0 100 200 300 400 500 600 0 100 200 300 200 500 600
Load Capacitance Cy, (pF) Load Capacitance Cy, (pF)
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HD2912

RISE TIME AND RISING DELAY TIME
vs. AMBIENT TEMPERATURE

tDLH ——

20

IDHL. 'THL (ns)

ETLH I
10 Voo =12V—
Vee =5V
CL =§00pF
Rp=0Q

0 10 20 30 40 T 50 60 70

Ambient Temperature T, (°C)

SWITCHING TIME
vs. SUPPLY VOLTAGE (1)

| tun

Limy

20

Switching Time (ns)

true

10 triw (1, =300pF —
Von=12V
Ta=25C

0 Rn=0Q

4.4 4.6 4.8 5.0 5.2 5.4 5.6

Supply Voltage Ve (V)

POWER DISSIPATION
vs CYCLE TIME

700 \ ] , l]

LIV
\\ s

600

rCr=
500 |-200pF \

400 N

300 (-C'1. =0pF H

] —
200 I
Duty Cvele=50%,
One Circuit Operation

Circuit Output®Low”
(NN

iio | r ljun

Cycle Time toycge (uS)

Power Dissipation Py (nW)
4
7

100

0.1 0.2

FALL TIME AND FALLING DELAY TIME
vs. AMBIENT TEMPERATURE

50
0
2
&
T
& — tDHL
K]
20
8
tTHL
Vop=12V_|
10 Vec =5V
Cr=300pF
Ry=
0 10 20 30 40 50 60 70
Ambient Temperature T, (°C)
SWITCHING TIME
vs. SUPPLY VOLTAGE (2)
50
40
LULH
G ca
.E 30 LDHL
=
g
=020
2
.g tTHL
loF—F—t1L
0
105 110 115 120 125

Supply Voltage Vpp (V)

8 ITEMS REQUIRING CARE WHEN USING THE HD2912

When measuring or mouting the HD2912, consider the following:

1. At the time of “H" level output, if a short circuit occurs between
the output terminal and the other terminal (the GND terminal or
input terminal), the element will break down.

2. When measuring the input/output characteristic of the circuit, do
not place the input level in the vicinity of the threshold voltage
(about 1.5V) for more than 10 seconds. If this caution is neglected,
the element may break down.

3. If its load capacity is less than a certain value (100pF), sometimes

this element cannot fully provide its function. Take note of this fact
when designing a system.

4. When mounting this element, it is recommended providing the out-

put terminal with a damping resistor (Rp) or a diode terminating
circuit,

Voo

Rv
3 );;__M, N MOS

Clock Driver
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iD2916

luadruple TTL-to-NMOS Clock Drivers

he HD2916, a clock driver for the MOS memory, basically possesses a NAND function. Its in-
ut is @a TTL level and its output becomes N MOS clock input level. It operates on two power
ipplies — Vcc (5V) and Vpp (12V). Assuming that a maximum of five units of 4K-bit N
10S memories may be connected, it is designed to drive a load capacity of 200pF at high speed.
| FEATURES

TTL-MOS level converter

Switching time: 50 ns {(max.)

Average power consumption: 600mW (max.)

Load capacity drivable: 300pF

Mounted with 4 circuits

Applicable temperature: 10 to 65°C

(DG-16A)

HPIN ARRANGEMENT

BABSOLUTE MAXIMUM RATINGS

VM:E

16 |Vec

Item Symbol HD2916 Unit X‘E E .
Vee* —0.5t0+7 \%
Supply Voltage A'[_T_—' [—E A
Voo * —0.5t0+15 Y
8.[4] 13] 8,
Input Terminal Voltage Vin* —0.5t0+5.5 A%
P g l 8.5 | —12] 8,
Output Load Capacitance CL** 300 pF ]
A,E._/ ;E A,
Power Dissipation Pr*** 700 mW
- x[7] — 1]
Operating Temperature Topr 0to+70 °C [: :'
GND[ 8 9 |NC
Storage Temperature Toe —50to+ 150 °C
* With respect to GND (Top View)
* % Per circuit
¢ * * Per package
BRECOMMENDED OPERATING CONDITION
Item Symbol min. typ. max. Unit
Vee 4.75 5.0 5.25 \%
ly Volt
Supply Voltage Voo 114 12.0 12.6 \"%
Operating Temperature Topr 10 25 55 °C
Vi 2.0 — 5.5 \%
Input Voltage Level
ViL -0.5 — 0.8 \Y%

@ HITACHI
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HD2916

BELECTRICAL CHARACTERISTICS (Ta=10t055°C, Vcc=5V+£5%, Vop=12V +£5%)

Item Symbol Test Condition min. typ. * max. Unit
A Iin Vin=2.4V — — 40 uA
In Vin=0.4V — -1 -2 mA
Input Current
B Iy Vin=2.4V — — 80 uA
I Vin=0.4V - -2 —4 mA
Vou Vin=0.8V, Ion=—50A Vop—0.7 | Vop—0.4 — v
Output Voltage
Vor Vin=2.0V, lo.=50pA — 0.3 0.45 \'%
Iopn Vin=0V — 13 20 mA
S Iy Cu ¢ Iccy Vin=0V —_ 13 40 mA
u urren
i IppL Vin=5V — — 39 mA
Icc[_ VIN=5V — 40 60 mA
Average Power Dissipation Pra O, e IE eration — 300 600 mW
* Vee=5V, Vpp=12V
HMSWITCHING CHARACTERISTICS (7a=10t055°C, Vcc=5V +5%, Vpp=12V +£5%)
Item Symbol Test Condition min. typ. max. Unit
. toLy CL=200pF — — 50 ns
Output Delay Time /=1MHz
t DHL tw,=0.5us - — 50 ns
OTEST CIRCUIT & WAVEFORMS
Vee Voo
Input
Input
)
PG Output
Ct
%sog I
b - = Output
Vau
/= 1MHz2,tu =500ns,t 714 = tTaL = 10ns £ Ins
PROPAGATION DELAY TIME PROPAGATION DELAY TIME
vs. LOAD CAPACITANCE vs. AMBIENT TEMPERATURE
2z 50 & w
x =
o]
§ 4 [
E Lol ;S 4
; 30 - ° | tnrs | +—1
: =30
; , okt E, —~— ,MII L
a | oo =5V a8
o Vo =12V = Vi =5V
£ 1 Ta=25C £ Vi =12V
Eio gﬁ 0 C; = 200pF
a, a,
o o
& &
0 50 100 150 200 250 300 0 10 20 a0 50 60 70

Load Capacitance Cy, (pF)
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HD2916

PROPAGATION DELAY TIME PROPAGATION DELAY TIME
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE
g 50 5 50
§ E
g =
. 40 = E 40
E '\-\\M ~, tiLn 1
a 5
g » 8w
= I — LUHL E 1 —
E‘ N\F‘\.§ =
8 20 % 20
=
2 Vi =12V a Voo =5V
5 10 [a=35C £ [a=25C
< (L =200pF - C. =200pF
2 | & ||
S o
[=%
B i [ l 2 o
44 4.6 4.8 5.0 5.2 54 56 & 108 11.0 115 120 125 13.0 135
Supply Voltage Ve (V) Supply Voltage Vpp (V)

POWER DISSIPATION
vs. CYCLE TIME

500
I
|
S Duty Cycle 50%
One circuit
E % Sa00F Operation
&
LY CL=150pF
g 300, ;
‘2 CL=0pF
E 200
o
5}
3
°
A 10 .

10 2
Cycle Time t¢ycle (15)

® ITEMS REQUIRING CARE WHEN USING THE HD2916

When measuring or mounting the HD2916, consider the following:

1. At the time of “H" level output, if a short circuit occurs between
the output terminal and the other terminal (the GND terminal or in-
put terminal), the element will break down.

2. When measuring the input/output characteristic of the circuit, do
not place the input level in the vicinity of the threshold voltage (a-
bout 1.5V) for more than 10 seconds. If this caution is neglected,
the element may break down.
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HD2923

Quadruple ECL to TTL Drivers

The HD2923 is a monolithic, high speed Quadruple ECL to TTL Driver which
accepts ECL input signals. It provides high output current suitable for driving the
TTL clock inputs or other address multiplexing inputs of N-channel MOS memories
such as the HM4816 or MK4116. Power supply ‘requirements are ground, +5.0
Volts and —5.2 Volts. The HD2923 requires no paticular power supply sequencing
in order to assure standby mode of memories, because the outputs are always
“high”’ at applying the power. Propagation delay is 10ns MAX.

The HD2923 is fabricated by means of HITACHI's Schottky Bipolar technology to
assure high performance over the 0°C to 75°C ambient temperature range.

= FEATURES
® High Speed
tpd =10ns MAX. (50% to 2.2Vdc out or to
+1.0Vdc out, 200pF Load)
® LowPower ...... ... .. .. ... e 250mW typ. (DC)
® 10K ECL Compatible Inputs

® PinCompatibility . .. .........c0oiiviiiin... MC10125 or HD10125

® ABSOLUTE MAXIMUM RATINGS

(DG-16A)

= PIN ARRANGEMENT

"“’"E hd En :

X[z} [15] X
B V() -

Item Symbol Value Unit B.[I ! 13] B,
Supply Voltage Vee —0.5 to +7 A B'E l EH’
Ver ~7 to 40.5 v =l Q_‘l—_l:l_'r‘\-
Input Voltage Vin Vee to +0.5 \%
Output Voltage Vour —1.0 to Vec+1 \% x[7] ! - [10]X,
Power Dissipation Pr 1.0 W GNDE Z];\'C
Operating Temperature* Topr —10 to +85 °C 7 X
Storage Temperature Terg —65 to +150 °C {Top View)
*under bies on S for i m singe snded impur
biasing.
= RECOMMENDED OPERATING CONDITIONS = TRUTH TABLE
Item Symbol min. typ. max. Unit Input Output
Supply Voltage Vee 4.75 5.0 5.25 v A B Y
Vee —5.46 —5.2 —4.94 \% H Vs L
Input Voltage Vin —1.028 _ _ v L Ven H
Viu — — —1.520 \% H L L
Operating Temperature Topr 0 — 75 °C L H H
Vs H H
Vss L L
Open Open H
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HD2923

= DC CHARACTERISTICS

Item Symbol Test Condition min. typ. max. Unit
—Iee — 22 27 mA
Power Supply Drain Current Iccn Vee=—5.2V, Vcc=5.0V — 23.5 29 mA
IccL — 34.5 42 mA
Input Current Linu Vin=—0.81V — — 115 rA
Input Leakage Current Icso Vin=—5.2V — — 1.0 KA
Von Ion=—1.0mA 2.7 — — \Y
Qutput Voltage
Vor Tor=5.0mA — — 0.5 \Y
Voua Viu=—1.1V, Ton=—1.0mA 2.7 — — \%
Threshold Voltage - — -
Vora ViL=—1.48V, lo.=5.0mA - — 0.5 \%
Indeterminate Input All inputs= Vee 2.7 — —
Vous — \Y
Protection Tests All inputs=Open 2.7 — —
Reference Voltage Vss —1.420 — —1.150 \Y%
Vine=0.300V, Vine=—0.825V ) 2.7 — —
Vone \"
Vmu=*1.890V, V,.w.:—2.890V 2.7 - -
Common Mode Rejection Tests
Vine=0.300V, Vine=—0.825V — — 0.5
Vorc \Y
Vine=—1.890V, Vinv.=—2.890V — — 0.5
® AC CHARACTERISTICS
Item Symbol Test Condition min. typ. max. Unit
tor 50% to +2.2V, C.=200pF — — 10 ns
Propagation Delay Time
toF 50% to +1.0V, C.=200pF — — 10 ns
Rise Time tt +1.0V to +2.2V, C.=200pF — — 5 ns
Fall Time t +2.2V to +1.0V, C.=200pF — — 5 ns
—-0.890V
Vin
50%
-1.690V
2.2V
A"
outr 1.0V
t+ t-
—= DR —=1 IDF
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Note)

HM472114-3 Type No.
300 [ P, G | Package Material
I Access Time (ns) max
1. MOS RAM
Mode Structure Total Bit Organization Number of Pin Hitachi Intel
2117-5
300 | P,G
HM4716A4 2117-4
250 | P,G 250 |P,G
HM4716A-3 2117-3
16k 16384 x 1 16 200 l o 200 |P'G
HM4716A-2 2117-2
150 [ G 150 | PG
HM4716A-1
120 | B,G
HM4816
100 ] c
Dynamic NMOS
HM4864-2
150 | c
64k 65536 x 1 16 FM48e4-3
200 | ¢
HM472114A
150 | PG
HM472114A2 | 2114/L2
200 | P,G 200 | PG
Static NMOS 4K 1024 x 4 18 HM472114-3 2114173
300 ‘ P,G 300 \P,G
HM472114-4 2114/L
450 ,P,G 450 [P,G
21483
55 |G
(HM6148) 2148
70 | p 70 |G
214 @ HITACHI



Texas Mostek Motorola NEC Toshiba Mitsubishi Fujitsu
MCM4116-30 | uPD416
300 | G,c 300 | pG
TMS4116-25 MK41164 MCM4116-25 | uPD416-1 TMM4164 M5K41164 MB8116N
250 [ G C [250 | PG 250 | G,C 250 | pG 250 | 6 250 | B,G 250 | ¢
TMS4116-20 MK4116-3 MCM411620 | uPD416-2 TMM416-3 M5K4116-3 MB8116E
200 | pG,c | 200 | pG 200 | G, ¢ 200 | .G 200 | 6 200 | PG 200 | ¢©
TMS4116-15 MK4116-2 MCM4116-15 | uPD416-3 TMM416-2 M5K4116-2 MB8116H
150 | BGC | 150 | BG 150 | G,C 150 | BG 150 | G 150 | PG 150 |
MB8216E
m_c——
MK4164-10
100 1 c
MK4164-12 M58764-12
120 [ ¢ 120 | €
TMS4164-15 MCM6664-15 M58764-15
150 [ ¢ 150 | C 150 | ¢
MCM6664-20
200 | C
MB8164H
120 [
MB8164E
200 | C
MB8164N
250 | C
TMS4045-15 WPD2114L-5 MB8114H
150 | B,G,C 150 | 2,6 150 | p,C
TMS40/LA45-20 | MK4114-3 MCM21/L1420 | uPD2114L-3 TMM314A/L1 | M5L2114L-2 MB8114EL
200 | P,G,C | 200 ] P,C 200 ] P,C 200 | PG 200 | P 200 | P,G 200 } P,C
TMS40/L45-25 | MK4114-4 MCM21/L14-25 | uPD2114L-2
250 | P,G,C | 250 | B,C 250 ] P,C 250J P,G
MK4114-5 MCM21/L14-30 | uPD2114L-1 MSL2114L-3 MB8114NL
300 [P,c 300 J P,C 300 | P,G 300 [ P,G 300 | P,C
TMS40/L45-45 MCM21/L14-30 | 4,PD2114 TMM314A/L MSL2114L
450 [ p,G,C 450 ] P,C 450 [ P,G 450 | P 450 | P,G

@ HITACHI
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Mode Structure

Total Bit

Organization

Number of Pin

Hitachi

Intel

Static CMOS

4k

4096 x 1

18

HM6147/L-3

55 | B,G

HM6147/L

70 | BG

HM4315

450 | P

1024 x 4

18

HM6148/L

70|P

HM6148/L-6
85 P

HM4334-3

300[P

HM4334-4

450]?

16k

2048 x 8

24

HM6116/L-2

120 | P

HM6116/L-3

150 | P

HM6116/14

200|1>

216
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Texas Mostek Motorola NEC Toshiba Mitsubishi Fujitsu
MB8404E
250 | G
MCM146504 TC5504-1
450 | B, C sso | P
TC5504-2
g0 | P
uPD444-3
200 | P
LPD444-2 MB84 14E
250 | P 250 | G
uPD444-1
300 | P
4PD444 M58981-45
as0 | P 450 | G
TC5514-1
650 | P
TC5515-2
800 | P
TC5516
250 | P

G HITACHI

217



2, MOS ROM

Program Structure Total Bit Organization Number of Pin Hitachi Intel
HN462316E 2316E
450 | P 450 | P,G
16k 2048 x 8 24
2332A
450 P,G
32k 4096 x 8 24
HN46332
Mask NMOS
350 | P
24
HN48364
64k 8192 x 8
350 | P
2364A
28
450 P,G
2716-1
350 C
2716-2
390 C
HN462716 2716
16k 2048 x 8 24
450 | C,G 450 J C
Electrically
& UV
Erasable NMOS
HN462732 2732
450 J C 450 | C
32k 4096 x 8 24
HN462532
450 C
218 G HITACHI



Texas Mostek Motorola NEC Toshiba Mitsubishi Fujitsu
MK34000-3 MCM6BA 316E TMM334 MB8316
350 | B,C 350 | B,C as0 | » 450 | P
MK31000-3 MCM68A 316A | uPD2316 TMM331A M58731
550J P,C 350 [ P,C 450 l P,G 450 l P 650J P,G
uPD2332 TMM333 M58333 MB8332
450 | PG 4s0 | P 650 | P 200 | P
TMS4732 MK32000-5 MCM68A 332
450 | P,G 300 | G 350 | pC
MK36000-5 MCM68B 364
300 | PG 250 | P,C
MCM68A 364 M58334
350 | P,C 650l P
uPD2364 TMM2364
450i P,G 250 | P
MK2716-6 MCM27A 16
350 | C 350 | C
MK2716-7
400 ‘ c
MK2716-8 MCM2716 wPD2716 TMM323 M5L2716 MB8516
4501 c 450 | C 450 | C 4507 c 450 ’ c 450 B
M5L271665
650 Lc
TMS2516
450 | G,C
M5L2732 MB8532
450 | ¢ 450 | c
M5L27326
ss0 | ¢
TMS2532
450 | G ¢
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3. Bipolar RAM

Structure Total Bit Organization Number of Pin Output Hitachi Fairchild
HM2504-1 93411A
45 ’ G 45J G
256 256 x 1 16 o/C
HM2504 93411
55 [ G 55 j G,F
HM2510-2 93415A
35 | G 35 l G, F
/ HM2510-1 93415
o/C
45 } G 45 } P,G,F
TTL
HM2510
70 ] G
1k 1024 x 1 16
93425A
30 | GF
HM2511-1 93425
35
s | G 45 | GF
HM2511
70 [ 6
HM2105 F10410
35 | G 30 | P,G,F
HM2106 F10411
15 ] G 35 | P,G, F
256 256 x 1 16
HM10414-1
8 | G
HM10414 F10414
10 | G 10 [ G, F
HM2110-2 F10415A
20 | G 20 | G,F
ECL 1024 x 1 16 HM2110-1
X
5 | G
" HM2110 F10415
35 j G 35 ] G,F
HM10422 F10422
256 x4 " 10 ] G 10 | G,F
X
HM100422 F100422
10 f G 10 | G,F
HM10470 F10470
25 | G 30 | G
4K 4096 x 1 18
HM10470-1
15 | G
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Texas Intel Motorola MMI Signetics NEC Fujitsu
3107A N825117
60 | c.c 0 |G
SN745301 3107 6530 745301 LPB2206
6s | pG 80 | 6c 55 C 0 [ G 0 | G
N93415A
35 | G
MCM93415 N93415 4PB2205 MBM93415
45 | P,G,F 45 | G 50 | G 45 | G
SN74S314A
70 | pG
N93425A
35 | G
MCM93425 N93425
45 | G,F 45 | G
SN745214A
0 | pG
SN10144 MCM10144 uPB10144 MBM10410
3 | GF 30 | GF 5 | G s | 6
MCM10152 MB7042
45 | GF 14 | G
MBM10415AH
20 | C
MCM10146 MBM10415A
30 | GF 35 | ¢
MB7071H
10| F
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4. Bipolar PROM

Structure Total Bit Organization Number of Pin Output Hitachi Fairchild
o/C
HN25044 93452
50 G 55 P,G
4k 1024 x 4 18
3-8
HN25045 93453
50 | G 55 P,G
TTL
HN25084
o/C
60 [ G
2048 x 4 18
HN25085
3-8
60 | G
8k
HN25088 93451
o/c -
60 [ G 45 | P,G,F
1024 x 8 24
HN25089 93450
3-8
60 } G 45 } P,G,F
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Texas Intel Motorola MMI Signetics NEC Fujitsu
SN745477 3605A-1
35 | P,G 50 | G
3605A-2 MCM7642 6352-1 N825136 uPB406 MB7059
60 | G 70 | G 60 | G 60 | G 70 | G 70 | G
SN745476 3625A-1
35 | PG s0 | G
3625A-2 MCM7643 6353-1 N825137 uPB426 MB7054
60 | G 0] G 60 | G 60 | G 0 | G 0 | G
MCM7684 N825184
80 | G 100\ G
MCM7685 N825185
80 | G 00| G
SN745451 3608 MCM7680 6380-1 N825180 1PB408 MB7060
45typ | ,G 80 | G CREE 90 | G 0 | G 85 | G 250 | G
SN748450 3628 MCM7681 6381-1 N82S181 uPB428 MB7055
45typ | PG 9 | 6 0 | G 9 | G 0 | G 85 | G 250 | G
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