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When using this document, keep the following in mind:

1. This document may, wholly or partially, be subject to change without
notice.

2. All rights are reserved: No one is permitted to reproduce or duplicate, in
any form, the whole or part of this document without Hitachi’s permission.

3. Hitachi will not be held responsible for any damage to the user that may
result from accidents or any other reasons during operation of the user’s
unit according to this document.

4. Circuitry and other examples described herein are meant merely to indicate
the characteristics and performance of Hitachi’s semiconductor products.
Hitachi assumes no responsibility for any intellectual property claims or
other problems that may result from applications based on the examples
described herein.

5. No license is granted by implication or otherwise under any patents or
other rights of any third party or Hitachi, Ltd.

6. MEDICAL APPLICATIONS: Hitachi’s products are not authorized for
use in MEDICAL APPLICATIONS without the written consent of the
appropriate officer of Hitachi’s sales company. Such use includes, but is not
limited to, use in life support systems. Buyers of Hitachi’s products are
requested to notify the relevant Hitachi sales offices when planning to use
the products in MEDICAL APPLICATIONS.
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B PACKAGE INFORMATION

© Dual-in-line Plastic

Unit: mm (inch) Scale 3/2

* DP-16B ¢ DP-18B
19.2(0.756)
032 : 22.0 (0.866)
" 2 max(OSOOmax)g 22.86max(0.900max)
o T e O e Y e O e B e O s O e S x 18 10, s = Y
:ﬁ X o oo mMmn or =
S|gs NS E
P o 2leR S
BINS (e) BINS
1 oo o E{ o g o g e I.gl e
0.89 1.3 7.62(0.300 ' 1o.89 1.3
— -62(0. . . 7.62(0.300,
(0.035) ~ (0.051) CRS (0.035) " ' (0.051) = =
E & 8 E X @
o E [
R i =
S als \ / Sl bls | —
S sle i GG i
?EE g i SHE
w8 0 g
i 2 +0.11 3 i 2 4+0.11
254%0.25| | |lo4sro9 © g 0258108 | 2saro2s| | _|loasroro S Vg / 0255816k}
(0.100£0.010)  (0.0190.004) o 15° (0.01028:382) | (5.100%0.010) 0.019%0.004) o~15° (0.010:3:83%
e DP-18C * DP-20N
22.26 (0.876)
22.86max(0.900max) 24.5 (0.965)
18 10 - 25.4 max(1.000max)
o O B s B e O e O e B o =3 x N —~
o 20 1 -
NIXE nonmoooonon @ X
ElEqn NIZE
(R SIER
O ~re N
| S ) S g S S Ry Sy Sy Sy o bt '\s
(10%51) N 7.62(0.300, " | o.89 1.3 7.62(0.300
. £ x (0.035) ~ (0.051) = -
E X &® E X &
S—ErE S_¢EE
2| 8|8 a S =72 [ \
Sl WS Sl als
—~ ] 1y = )
—a—a§ | : —a—a g N
. . O H
2.54£0.25 0ass0q0 © N g5/ |0:25%8:8t oastorn © N3 025800
(0.100£0.010) (0.0130.004) T o%q5® (0.010281882)]  (g.100%0010) (0.019%0.004) S ¥ (0.010287388)
* DP-20NA * DP-20NC
24.8 (0.976)
25.40 max(1.000max) 29.88(1.176)
- 30.48max(1.200
¥-°1nr-||—|r-1r-||—|r—1|—|r1-1| g’,? mex( max) 13
Qgg nz-er—unrﬂﬁhhnhl—lmn’é"s
SEE 8 EE
NS S Ea
o ~NNS N
L.Ii_ll_ll_ll_li_lL.JI—ll_l;hl O NS
L J W=y =) | SN Wy S e Sy &6
HEERY! A3 7.62(0.300; 1 12
(0.045) (0.051) < ~ 1.14 1.3 7.62(0.300
] . £ x3 (0.045) (0.051) T %5
o_ 8 g E X ®
—E
5 = SR
=y WS S| ale
g i / } P 85 / |
E Y 3
'—; 3 =4 v +0.11 ¢ —;—'7’ § +9:11 *
2.540.25 Jlosstote < Vg 0.25-i08,0 2544025 0.48£0.10 V8 °———L'f:;1;,°fsmgs)
(0.100£0.010) 0.019£0.004) 015 (0.01028:38%) (0.1000.010) 0.019£0.004) 0~15° (0-019%0-0

O HITACHI

Hitachi America, Ltd. * Hitachi Plaza 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300




PACKAGE INFORMATION

® Dual-in-line Plastic

Unit: mm (inch) Scale 3/2

* DP-22N
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PACKAGE INFORMATION

® Dual-in-line Plastic Unit: mm (inch) Scale 3/2

* DP-28C * DP-28N
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PACKAGE INFORMATION
® Zigzag-in-line Plastic

Unit: mm (inch) Scale 3/2

* ZP-20

25.61(1.008)
26.11 max(1.028max)

T

€

10.16 max
(0.400max

2.80min

fe—>4

(0.110min)

*ZP-24

30.50(1.201)
31.00max(1.220max)

0.25%8:18
0.010%3:33%
2.54(0.100

0.2543:32
0.010£3:88%)
(2:54{0.100)

* ZP-28
35.58(1.401)
36.57max(1.480max)

JULPLOTLuyuuny
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PACKAGE INFORMATION

* Flat Package (J-bend Leads)

Unit: mm (inch) Scale 3/2

¢ CP-20D

¢ CP-20DA

17(0.6
17.27max(0.680max
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PACKAGE INFORMATION
© TSOP (Thin Small Outline Package)

Unit: mm (inch) Scale 3/2

e TFP-20DA ¢ TFP-20DAR
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B RELIABILITY OF HITACHI IC MEMORIES

1. STRUCTURE

IC memories are basically classified into bipolar type and
MOS type and utilized effectively by their characteristics.
The characteristic of bipolar memories is high speed but
small capacity, instead, MOS memories have large capacity.
There are also differences in circuit design, layout pattern,
degree of integration, and manufacturing process. These
memories have been produced with the standardized con-
cept of design and inspection all through the processes of
designing, manufacturing and inspection.

e Table 1. Basic Cell Circuit of IC Memories

IC memories are constituted by the unit patterns called cells,
which are integrated in high density. The knowhows based
on our experience have been applied in every production
stage. In addition, reliability has been ensured using TEG
(Test Element Group) evaluation. Examples of cell circuits of
bipolar and MOS memories are shown in Table 1.

. —NMOS, CMO3
P Bipolar memory Bipolar memory NMOS memory » NMOS memory
Classification (RAM) (PROM) (Dynamic RAM) (Slt‘;et:::cg::l) (PROM)
Bu!ferlmemoty. M Mai f computer For
icati control memory icrocomputer ain memory o , :

Application of high-speed control usz microcomputer memory ::::g:r mputer

computer

s 2
Example of
basic cell
circuit
o
1S

Dies of IC memories are produced in various packages. In
this process of packaging, Hitachi has also innovated new
techniques and ensured to high level. As packages for IC
memories, cerdip (glass-sealed) packages and plastic pack-
ages are currently used. Also such packages as LCC (Lead-
ess Chip Carrier) or SOP (Small Outline Package) have been

® Table 2. IC Memory Package Outline

0137-16

developed for high density packaging. Cerdip packages
sealed hermetically are suitable equipment requiring high re-
liability. Plastic packages are widely applied to many kinds of
equipment. Hitachi plastic packages have improved the reli-
ability level as highly as that of the hermetically sealed pack-
ages. Table 2 shows the outlines of the Hitachi packages.

B Cerdip
® 16-Pin

3DDG16

3DDG18

® 24-Pin

3DDG20N

3DDG24N

@ HITACHI
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Reliability of Hitachi IC Memories
B Cerdip (continued)

©28-Pin with Lid ©32-Pin with Lid

3DDG28

3DDG32

W Plastic DIP
©16-Pin ©18-Pin ©20-Pin ©24-Pin

3DDP168

3DDP18B 3DDP2ON

3DDP24A

® 24-Pin ® 28-Pin ® 28-Pin

3DDP24N

3DDP28
3DDP28N

B Leadless Chip Carrier
® 20-Pin ® 22-Pin

3DCG20 3DCG22A 3DCG24

W SOP W PLCC H SOJ
® 24-Pin ® 28/32-Pin ¢ 18-Pin

3DCP18

3DFP24D

3DFP28D

3DCP20D
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Reliability of Hitachi IC Memories

2. RELIABILITY
Resuilts of reliability tests are listed below

2.1 Reliability Test Data on Bipolar Memories standardized design rules and quality control, there is no dif-
ference in reliability among the various types. And the larger

The reliability test data on the bipolar memories are shown
v P the capacity is, the higher the reliability per bit becomes.

in Table 3 and 4. Since they are manufactured under the

e Table 3. Results on Bipolar Memory Reliability Test (1)

HM10480-15 HM2144CG

T TS commmen | T | et S comon | T

Hours (1/Hr) Hours (1/Hr)

;‘;fnhl;mmre Tp = 125°C 340 CH. 0 1/H T = 125°C 120 CH. 0 I/H
(Operating) | VEE = =52V 34x105 27x10~6 | Vgg = —5.2V 12x 105 7.7x10—6
gﬁt‘;emp Ta = 200°C 351 | 351x105 | 0 | 26x10~5 | To = 200°C 120 | 12x105 | 0 | 77x10-6

* Confidence level 60%
* Table 4. Results on Bipolar Memory Reliability Test (2)

. HM10480-15 HM2144CG
Test Item Test Conditions - -
Samples Failure Samples Failures
Temperature Cycling —55°Cto + 150°C, 10 Cycle 160 0 180 0
Soldering Heat 260°C, 10 Seconds 35 0 22 0
Thermal Shock 0°Cto + 100°C, 10 Cycles 50 0 50 0
Mechanical Shock 1500G, 0.5 ms, Three Times Each for X, Y and Z 30 0 22 0
Variable Frequency 100 to 200 Hz, 20G, Three Times Each for X, Y and Z 40 0 22 0
Constant-Acceleration 20000G, 1 Minute, Each for X, Y and Z 40 0 22 0
2.2 Reliability Test Data on Hi-BiCMOS Memory HM6788P-25 (16k-words x 4-bits) are listed in Table 5 and
Table 6.
Hi-BiCMOS memory is newly designed based on the latest - - .
fine machining technologies (2m ~ 1m), which features low The above shows the sufficient reliability of high speed
electric consumption/high integrity by CMOS and high Hi-BiCMOS in the normal use with some limitations consid-
speed/high drivability by bipolar. This device also attains ered from its own circuit composition. For further informa-
high speed close to ECL and low electric consumption as tion, see each data sheet. Besides the caution points with
CMOS. Input and output level supports both ECL and TTL. CMOS and bipolar device, avoid abnormal use as in de-
Reliability test data of HM100490-15 (64k-words x 1-bit) and IfO{ff;led or slow wave form which causes malfunction and
atch up.
® Table 5. Results on Hi-BiCMOS Memory Reliability Test (1)
Test HM100490-15 (Cerdip) Test HM6788P-25 (Plastic)
€s €S|
Item Test Total Test|, . Failure Ttem Test Total Test| . . Failure |Remarks
Conditions Samples Time Failures Rate Conditions Samples Time Failures Rate
High-
Hich Tempera- -
1gh- ture Tp = 125°C CH. 1I/H .
Tempera- Puke  |Voc = sov | *20 |azxi0s| 1! |agx10-6fForcien
e |Tp =125°C | o0 | CH 0 VH  |0Opera- Matter
Pulse |Vgg = —4.5V 38x105 2.4x10~ 600
Opera- Mot
tion oisture o
Endur- (o0 C O RH | 910 (215105 0 |48x10-6
ance
High- _ 5 _ ¢|Pressure o s _s
Temp. Ta = 200°C | 330 |3.3x10 0 ([3.0x10 Cook: 121°C100% RH| 80 |0.16x 10 0 [63x10
Storage oker
@ HITACHI
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Reliability of Hitachi IC Memories
¢ Table 6. Results on Hi-BiCMOS Memory Reliability Test (2)

. HM100490-15 (Cerdip) HM6788P-25 (Plastic)
Test Item Test Conditions -
Samples Failure Samples Failure
Temperature Cycling —55°C ~ —150°C 100 Cycles 180 0 180 0
Soldering Heat 250°C 10 Seconds 22 0 22 0
Thermal Shock 0°C ~ 100°C 10 Cycles 50 0 50 0
Mechanical Shock 1500G, 0.5 ms Three Times Each for X, Y and Z 22 0 — —_
Variable Frequency 100 ~ 200 Hz, 20G Three Times Each for X, Y and Z 22 0 — —
Constant Acceleration 20000G, 1 Minute Each for X, Y and Z 22 0 — —_

2.3 Reliability Test Data on MOS Memories
2.3.1 Reliability Test Data on MOS DRAM and SRAM

Table 7 and Table 8 shows the reliability test data on the
representative types of 1M DRAM (HM511000/HM514256),

256k SRAM (HM62256) 1M SRAM (HM628128FP).
¢ Table 7. Reliability Data on 1M DRAM

The life test is performed at high temperature and high volt-
age to evaluate the reliability of products using fewer sam-
ples. All failures are caused in manufacturing process, so we
feedback the data into manufacturing process to improve
the quality and reliability.

HM511000P/HM514256P HMS511000JP/HM514256JP
Series (DIP) Series (SOP)
Test Item quf Failure Failure Remarks
Conditions Sam- Total Fail- Rate* Sam- Total Fail- Rate*
ples | Test Time | ures (1/Hr) ples | Test Time | ures (1/Hp)
High- 125°C/5.5V 300 6.00 x 105 0 1.53x10—6 200 | 4.00x105 0 2.30x10—6
Temperature 125°C/7V 1252 | 4.50x 105 1* 448x10—6 | 3186 | 9.34x 105 0 9.85x10—7
Pulse Operations ™y 550¢1/7y 200 | 400x105 | 0 | 230x10-6 | 200 | 400x105 | 0 | 230x10—6 | *1
- Oxide Film
Moisture 85°C 85% RH s —6 6 -7 -
Endurance 5.5V 420 8.40x 10 0 1.10x 10 682 1.36 x 10 0 6.74x 10 Failure x1
-5
Pressure 121°C/100% | 150 | 450x104 | 0 | 204x10-5 | 200 | 600x104 | o | L3x10
Cooker RH
*Confidence level 60%
¢ Table 8. Reliability Data on 256k and 1M SRAM
HM62256FP (SOP) HM628128FP (SOP)
Test i i
Test Item Conditions | Sam- Total Fail- ?;ltléie Sam- Total Fail- F;laltiie Remarks
ples | Test Time | ures (1/Hr) ples | Test Time | ures (1/H)
High- 125°C/5.5V 3088 | 3.11x 106 0 8.88x10—7 | 1038 | 1.04x 106 0 8.86x 107
Temperature 125°C/7V 455 | 4.55x105 0 2.02x10—6 | 951 | 533x105 | 1*1 | 3.79x10—6 ;1 k2
; oreign x
Pulse Operation 450 /7y 103 | 1.00x105 | 1*1 | 202x10—5 | 8 | 1.60x105 | 0 | 575x10—6 e
Moisture 85°C/85% 5 -6 5 —6 | *
Endurance RHIV 680 6.80 x 10 0 1.35x 10 127 2.54 x 10 0 3.62x10 2 Leakx 1
0
Pressure 2I°C/100% | 350 | 640x104 | 1%2 | 3.06x10~5 | 90 | 270x104 | 0 | 341x10-5
Cooker RH
*Confidence level 60%
@ HITACHI
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2.3.2 Reliablity Test Data on EPROM

Reliability of Hitachi IC Memories
data on the representative EPROM types 512k EPROM

(HN27512, HN27512P), 1M EPROM  (HN27C101,
EPROM has two types; conventional EPROM with transpar- HN27C301).
ent window and one time programmable ROM (OTPROM)
packaged in plastic package. Table 9 shows reliability test
® Table 9. Reliability Data on 512k and 1M EPROM
HN27512 (Cerdip/Plastic) HN27C101/HN27C301
Test i i
Testltem | o giione | Sam- | Total | Fail- F;;'t‘;ie Sam- | Total | Fail- l;f;'t‘;’f Remarks
ples | Test Time | ures (1/Hr) ples | Test Time | ures (1/Hr)
High- 125°C/5.5V 200 3.72x 105 247x10—6 180 3.24x 105 2.84x10—6
gemPeF"‘“'e 125°C/7V 530 | 7.95x105 1.16x10—6 | 327 | 6.54x105 141x10—6
peration *
. 175°C 260 | 4.91x105 0 1.87x10—6 150 | 7.5x105 0 1.23x10—6 | Data
High- Dissipation x 49
Temperature | 200°C 240 | 3.72x105 1*1 5.43x10—6 130 | 6.49x105 1*1 3.11x10—6
Bake 250°C 180 | 1.89x105 | 7*1 | 444x10—5 | 110 | 3.07x105 | 40*1 | 1.30x40—4
Moisture 85°C/85% 5 -6
Endurance RH 5.5V 290 5.22x10 0 1.76 x 10 — — — — Data of S12K
Pressure 121°C/100% s —s OTPROM
Cooker RH 50 0.10x 10 0 9.20x 10 — — — —
*Confidence level 60%

The failure shown in Table 9 is due to the data dissipation in
memory cells. Getting thermal energy, electrons in memory
cells are activated and go through the floating gate. In actu-
al usage, however, it has no problem because this phenom-
enon depends on temperature (about 1.0 eV of activated en-
ergy) greatly. The moisture resistance of OTPROM is also
satisfactory.

* Table 10. Example of HN27C101/HN27C301 Derating

Table 10 shows the example of PROM derating. When de-
rating, the parameter is generally only the temperature be-
cause other operating conditions are specified. Especially to
lower the junction temperature during mounting is important
for stabilizing the operation relative to access time, refresh
time and other characteristics.

Factor Temperature

. o Electrical Characteristics,
Failure Criteria Function Test o
Failure Mechanism Increase of Leak Current

and Others 0

Results:
The result from high temperature baking of PROM e
is shown in the right figure.

Note: Decreasing junction temperature shown in the figure will promise the higher reliability. The junction temperature can be calculated by
aformula: Ty = Tp + 634®Py 054 in about 100°C/W with no air flow and about 60 to 70°C/W with 2.5 m/s air flow.

MTTF (hr)

plp pp P
B Y R Y
15 20 2% 30 35
10%/7 (K™)

0137-1
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Reliability of Hitachi IC Memories

2.3.3 Reliability Data on MASK ROM

Table 9 shows the reliability test data on 2M and 4M bit
MASK ROM. MASK ROM is patterned according to ROM in-

® Table 11. Reliability Data on 2M and 4M MASK ROM

formation in manufacturing process, so data dissipation isn’t
occurred in high temperature like EPROM and EEPROM.

HNG62412P (Plastic) HNG62404P (Plastic)
Test i i
Testliem | congitons | Sem- | Total | Fail | Sl | g | Tol | Fail | e | Remarks

ples Test Time ures (1/Hr) ples Test Time | ures (1/Hr)
High-Temp. 125°C/5.5V — — — — 200 4.0x 105 0 23x10—6
Pulse
Operation 125°C/7V 120 1.2x 105 0 7.67x10—6 300 3.0x 105 0 3.0x10—6
Moisture 85°C/85% -6 -6
Endurance RH 5.5V 120 1.2x 105 0 7.67x 10 120 1.20x 105 0 7.67x 10
Pressure 121°/ _s -5
Cooker 100% RH 45 23x104 0 4.1x10 45 23x 104 0 4.1x10

*Confidence level 60%

2.3.4 Reliability Data on MOS Memory (The result of

environment test)

Table 12 shows examples of each environment test data.
They show good results without any failure even in severe

V1 of MOS transistor is one of the basic process parame-
ters in MOS memory, which has almost no change using

surface stabilization technology and clean process. Figure 4
shows the examples of time changes for 1M DRAM; Vpp
min. (Vmin) and access time (tgac) in high temperature pulse

environment. test.
¢ Table 12. Reliability Data on MOS Memories
HMS511000P | HMS11000JP | HMG62256FP HM62128FP EPROM
1P, SO. SOP SOP Cerdi
Test Item Test Conditions orp) . Son - (SOF) - SOP) - ( p) - Remarks
Sam- | Fail- | Sam- | Fail- | Sam- | Fail- | Sam- | Fail- | Sam- | Fail-
ples ures ples ures ples ures ples ures ples ures
— &&0O
Temperature Cycling | 1 (5:5yc(1:et° 150°C | 3755 | o | 2786 | o |338| o | 70| o |2m0]| o
— &&0,
Temperature Cycling 5005 éy?;]io 150°C 150 0 200 0 482 0 105 0 450 0
— (50, 0
Thermal Shock 5 8:1::0 LOC 77 0 100 0 76 0 77 0 80 0
O,
Soldering Heat %gqie(i’on ds 22 0 22 0 22 0 22 0 22 0
Mechanical Shock 1,500G, 0.5 ms 38 0
Variable Frequency 100 to 2,000 Hz 20G 38 0
Constani-Acceleration | 6000G 38 0 *6,000G
@ HITACHI
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2.4 Change of Electrical Characteristics on IC

Memory

The degradation of icgo and hrg are the main factors of
degradation in inner cell transistor of bipolar memory. in ac-

Reliability of Hitachi IC Memories

tual element designing, however, it is designed to operate in
the range at which no degradation happen. Therefore no
change of characteristics including access time are ob-
served. Time dependence in access time for HM10470 are
shown in Figure 1.

Example Example of Time Change in Access Time for Bipolar Memory

Device Name HM10480-15
Test Conditions Ta = 125°C,Vgg = —52V
Failure Criteria taa = 15ns Test Condition
Failure Mechani Surface Degradati i Maximom

ailure Mechanism ace Degradation Ta=25T § Average
Results: Marching Pattern Minimum
Access time is stabilized. 15k

E
e B
10F hd pd
5 -
T 1 L i (C I
0 500 1,000 72,000
Time thr)
0137-2
Figure 1. Time Change in Access Time for Bipolar Memory
Example Example of Time Change in Access Time for Hi-BiCMOS Memory
Device Name HM100490
Test Conditions Ta = 125°C,Vgg = —4.5V
All Bit Scanning Test Condition

- — — 201 v, =—45V
Failure Criteria taa = 15ns Ta=25C Max.mum
Failure Mechanism Surface Degradation Marching Patiern § \::.:::;
Results: 15k
Access time is stabilized.

taa (ns)

.

F_IU‘

s
1,000 772,000

Time hr'

A1 L
0 $00

0137-3

Figure 2. Time Change in Access Time for Hi-BiCMOS Memory
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Reliability of Hitachi IC Memories

Test Condition
Same as above

__=p
2
3
201 § § § %
15
L
L L L n
0 500 1,000 2,000
Time (hr)

Example Examples of Time Change in Voc Min and tp o for Hi-BiCMOS Memory
Device Name HM6788P-25
Test Conditions Tap = 125°C, Vgg = 5.0V sfF
All Bit Scanning
Llg
Failure Criteria Voo = 4.5V,tap = 25ns s
: . GoZ s FE UE Sums Sums Summmn'
Failure Mechanism Surface Degradation E
Results: 3 2I" Test Condition Maximum
Both of Vo (min) and t a are stabilized. 1+ ¥°°_=5Yc Average
a=25 Minimum
o'. Marching Pattern
1 i L — n
0 500 1,000 2,000
Time (hr)
30+

0137-4

Figure 3. Time Change in Voo Min and ta A for Hi-BiCMOS Memory

Example of Time Change in Vpp Min and

Example trac for MOS Memory
Device Name HMS511000P
Test Conditions Ta = 125°C,Vcc = 7V
All Bit Scanning st
Failure Criteria Vpp = 4.5V, AVpp = 1.0V .
Failure Mechanism Surface Degradation s S 3 z 3
2 st
Results: F]
,liﬁtces.s time (tp o) is stabilized and is within the failure 2 2} Test Condition Maximum
criteria. Marching pattern } Average
L Te=25C
1 Nezo pos Minimum
oF
1 - l 2 1
g 500 1000 ¥ 2,000
Time (hr)
1of Test Condition
Same as above
100+
3%
Note: Test Accuracy is 0.2V, 2 ns. duf
7ok { { } }
60
L —_— e E e —
0 500 1,000 2,000
Time (hr)

0137-5
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Figure 4. Time Change in Vpp Min and tgac for MOS Memory
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Reliability of Hitachi IC Memories

2.5 Failure Mode Rate

Figures 5 and 6 show examples of failure more happened in
users’ application. Since IC memories require the finest pat-
tern process technology, the percentage of failures, such as
pinholes, defects on photoresist and foreign materials, tends
to increase. To eliminate the defects in the manufacturing

process, Hitachi has improved the process and performed
100% burn-in screening under high temperature. Hitachi has
been collecting and checking customers’ process-data and
marketing data for higher reliability of our products. To ana-
lyze them is very helpful for the improvement of designing
and manufacturing.

Defective Insulation,
Laver Due to Foreygn

Muternls
r 99

Pinholes

Dtltnmh Photo
hithography
10%

13%

Defective
Metalization

2%

Statistics
for 1985~1987,
10 ~ SOFIT

Non
reappearing
Failures

21%

Destruction

32%

0137-6

Figure 5. Failure Mode Rate of Bipolar Memory

3. RELIABILITY OF SEMICONDUCTOR DEVICES

3.1 Reliability Characteristics for Semiconductor
Devices

Hitachi semiconductor devices are designed, manufactured
and inspected so as to achieve a high level of reliability. Ac-
cordingly, system reliability can be improved by combining
highly reliable components along proper environmental con-
ditions. This section describes reliability characteristics, fail-
ure types and their mechanisms in terms of devices. First,
semiconductor device characteristics are examined in light
of their reliability.

(1) Semiconductor devices are essentially structure sensitive
as seen in surface phenomenon. Fabricating the device
requires precise control of a large number of process
steps.

(2) Device reliability is partly governed by electrode materials
and package materials, as well as by the coordination of
these materials with the device materials.

(3) Devices employ thin-film and fine-processing techniques
for metallization and bonding. Fine materials and thin film
surfaces sometimes exhibit physically different character-
istics from the bulks.

(4) Semiconductor device technology advances drastically:
Many new devices have been developed using new pro-
cesses over a short period of time. Thus, conventional
device reliability data cannot be used in some cases.

Oxide
Film Failures
10%

Statistics
for 1985~1987
10 ~ 100FIT

Destruction 30%

0137-7

Figure 6. Failure Mode Rate of MOS Memory

(5) Semiconductor devices are characterized by volume pro-
duction. Therefore, variations should be an important
consideration.

(6) Initial and accidental failures are only considered to be
semiconductor device failures based on the fact that
semiconductor devices are essentially operable semiper-
manently. However, wear failures caused by worn materi-
als and migration should also be reviewed when elec-
trode and package materials are not suited for particular
environmental conditions.

(7) Component reliability may depend on device mounting,
conditions for use, and environment. Device reliability is
affected by such factors as voltage, electric field
strength, current density, temperature, humidity, gas,
dust, mechanical stress, vibration, mechanical shock,
and radiation magnetic field strength.

Inital falure region
* Declining failure rates (m<1)

Wearout failure region
* Rising failure rates (m>1)

Speicfied falure rate

Failure rate A

m . Weibull distnbution
form parameter

: Constant falure rates (m=1)

)
i
| Random failure region
]
[}
1
n Useful longewity

Time (t)
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Figure 7. Typical Failure Rate Curve
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Device reliability is generally represented by the failure
rate. “Failure” means that a device loses its function, in-
cluding intermittent degradation as well as complete de-
struction.

Generally, the failure rate of electric components and
equipment is represented by the bathtub curve shown in
Figure 7. For semiconductor devices, the configuration
parameter of the Weibull distribution is smaller than 1,
which means an initial failure type. Such devices ensure
a long lifetime unless extreme environmental stress is
applied. Therefore, initial and accidental failures can be-
come a problem for semiconductor devices. Semicon-
ductor device reliability can be physically represented as
well as statistically. Both aspects of failures have been
thoroughly analyzed to establish a high level of reliability.

3.2 Failure Types and Their Mechanisms

3.2.1 Failure Physics

Failure physics is, in a broad sense, a basic technology of
“physics + engineering”. It is used to examine the physical
mechanism of failures in terms of atoms and molecules to
improve device reliability. This physical approach was intro-
duced to the reliability field with the demand for minimized
development cost and period, as technology rapidly devel-
oped and system performance increased, requiring more
complex and higher levels of reliability. These conditions de-
rived from the development of solid state physics (semicon-
ductor physics) after World War Il and associated device de-
velopment. Failure physics have been employed to:

1) Detect failed devices as soon as possible
2) Establish models and equation used for failure prediction
3) Evaluate reliability in short periods by accelerated life test

The purpose of the failure physics approach is to contribute
to reliability related fields such as product design, prediction,
test, storage and usage by adding physics as a basic tech-
nolog§l to conventional experimental and statistical ap-
proaches.

3.2.2 Failure Types and Their Mechanism

Device failures are physically discussed in this section.
Semiconductor device failures are basically categorized as
disconnection, short-circuit, deterioration and miscellaneous
failures. These failures and their causes are summarized in
Table 11. Typical failure mechanisms are reviewed next.

(1) Surface Deterioration

The pn junction has a charge density of 1014 — 1020/cm3.
If charges exceeding the above density are accumulated on
the pn junction surface, particularly adjacent to a depletion
layer, electric characteristics of the junction tend to be easily
varied. Although the surface of such devices as planar tran-
sistors is generally covered with a SiOg film and is in an in-
active state, the possibility of deterioration caused by sur-
face channels still exists. Surface deterioration depends
heavily on applied temperature and voltage and is often han-
dled by the reaction model.

One example of recent failures is surface deterioration
caused by hot carriers. Hot carriers are generated when
such devices as MOS dynamic RAMs are operated at a

voltage near the minimum breakdown voltage BVpg by rais-
ing internal voltage and when a strong electric field is estab-
lished near the MOS device’s drain resulting from reduced
device geometry from 2 um to 0.8 pm. Generated hot carri-
ers may affect surface boundary characteristics on a part of
the gate oxide film, resulting in degradation of threshold volt-
age (VTH) and counter conductance (gm). Hitachi devices
have employed improved design and process techniques to
prevent these problems. However, as process becomes fin-
er, surface deterioration may possibly become a serious
problem.

(2) Electrode-Related Failures

Electrode-related failures have become increasingly impor-
tant as multi-layer wiring has become more complicated. No-
ticeable failures include electro-migration and Al wiring cor-
rosion in plastic sealed packages.

@ Electromigration

This is a phenomenon in which metal atoms are moved by a
large current of about 106 A/cm2 supplied to the metal.
When ionized atoms collide with current of about scattering
electrons, an “electron wind” is produced. This wind moves
the metal atoms in the opposite direction from the current
flow, which generates voids at a negative electrode, and hil-
lock and whiskers at an opposite one. The generated voids
increase wiring resistance and cause excessive currents to
flow in some areas, leading to disconnection. The generated
whiskers may cause shortcircuits in multi-metal line.

@ Multi-Metal Line Related Failures

Major failures associated with multi-metal line include increased
leak currents, shortcircuits caused by a failed dielectric interlay-
er, and increased contact metal resistance and disconnection be-
tween metal wirings.

@ Al Line Corrosion and Disconnection

When Plastic encapsulated devices are subjected to high-
temperatures, high-humidity or a bias-applied condition, Al
electrodes in devices can cause corrosion or disconnection
(Figure 8). Under high-temperature and high-humidity, corro-
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Figure 8. Categorized Al Corrosion Mode
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sions are randomly generated over the element surface.
However, after an extended period of time, the corrosions
have not significantly increased. Accordingly, this failure is
possibly due to an initial failure associated with manufactur-
ing. It is also verified that this type of failure can be generat-
ed when the adhesion surface between an element and res-
in is separated or when foreign materials are attached to the
element with human saliva. Under a bias-applied, high-tem-
perature, high-humidity condition, on the other hand, corro-
sions are generated in higher potential areas while in lower
potential areas, grain corrosion occurs. Once this failure oc-
curs in part of a device, the device can become worn out in
a relatively short time. This failure proves to depend on the
hydroscopic volume resistivity of sealed resin. The Al line
corrosion mechanism described above is summarized in Fig-
ure 9.

Moisture Melting
Penetration Corrosive Impurity Mech
Moisture Penetrat- Impurity Moisture
¢s Resin Bulk in Resin Penetration
Adhest:n Surlacs Chip & Lead
Sepate Contamination Meltng e
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Corrosive
Water film
Mold Y
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Figure 9. Plastic Package Cross Section
and Al Corrosion Mechanism

(3) Bonding Related Failures
® Degradation Caused by Intermetallic Formation

Bonding strength degradation and contact resistance in-
crease are caused by compounds formed in connections be-
tween Au wire and Al film or between Au film and Al Wire.
These are the most serious problems in terms of reliability.
The compounds are formed rapidly during bonding and are
increased through thermal treatment. Consequently, Hitachi
products are subjected to a lower-temperature, shorter-peri-
od bonding whenever possible.

@ Wire Creep

Wire creep is wire neck destruction in an Au ball along an
integranular system occurring when a plastic sealed device
is subjected to a long-term thermal cycling test. This failure
results from increased crystal grains due to heat application
when forming a ball at the top of an Au wire, or from an im-
purity introducing to the intergranular system. Bonding under
usual conditions with no loop configuration failures does not

Reliability of Hitachi IC Memories

cause this failure unless a severe long-term thermal cycling
test is applied. Accordingly, wire creep is not a problem in
actual usage.

@ Chip Crack

With the increase in chip size associated with the increased
number of incorporated functions, more problems have been
occurring during assembly, such as chip cracks during bond-
ing. Bonding methods include Au-silicon eutectic, soldering
and Ag-paste. Soldering and Ag-paste exhibit few chip crack
problems. For Au-silicon eutectic, in contrast, large stress is
applied to a pellet due to its strength and high temperature
resistance for attachment, which may result in critical chip
defects. Today, the chip destruction limit can be determined
by finite-element analysis and by distortion measurement us-
ing a fine accuracy gauge. Ideally, Au-silicon eutectic should
be evenly applied over the entire surface. However, this is
difficult due to the existence of a silicon oxide film on the
silicon back surface. Therefore, specifications for Au-silicon
eutectic have been established based on stress analysis
and thermal cycling test results.

® Reduced Maximum Power Dissipations

For power devices, heat fatigue due to thermal expansion
coefficient mismatch among different materials deteriorates
thermal resistance. This results in decreased maximum pow-
er dissipations.

(4) Sealing Related Failures

Hermetic sealing packages, including metal, glass, ceramic,
and all other types, have the possibility of the following fail-
ures.

1. Al line corrosion on the chip surface due to slight mois-
ture and reaction between the different ionized materials.

2. Intermittent moving foreign metals short

3. Al line corrosion due to extraneous HoO caused by her-
metic failure

Moving foreign matter, even if it is a non-active solid, can be
charged up within a cavity during movement, thereby induc-
ing parasitic effects and metal shorts. The foreign matter de-
tection method is specified by MIL-STD-883C, PIND (Particle
Impact Noise Detection) Test. The PIND test consists of fil-
tering a particle impact waveform (ultrasonic waveform), de-
tecting it with a microphone, and then amplifying.

(5) Disturbance
@ Electrostatic Discharge Destruction

Destruction caused by electrostatic discharge is a problem
common to semiconductor devices. A recent report intro-
duced three modes of this failure; the human body model,
charged device model and field induced model.

The human body is easily charged. A person just walking
across a carpet can be charged up to 15000V. This voltage
is high enough to destroy a device. An equivalent circuit of
the human body model is shown in Figure 10. The human
body’s capacitance Cb and resistance Rb are 100 to 200 pF
and 1000 to 20001, respectively. Assuming a body is
charged with 2000V, the dissipated energy is obtained as
follows: With a time constant of 10—7 sec, the dissipated
energy is 2 KW, which is enough to destroy a small area of
a chip.
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Figure 10. An Example of Moisture Resistance
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Figure 12. Equivalent Circuit of Human Body Model

In the charged device model, charges are accumulated in a
device, not a human body, and discharged through contact
resistance during a short time. The equivalent circuit of this
model is shown in Figure 13. Device size and device posi-
tion relative to GND are important parameters in this model
since the model depends on device capacity.
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Figure 13. Equivalent Circuit of Charging Model

In the field induced model a device is left under a strong
electric field or is affected by neighboring high voltage mate-
rial. Since the capacitor of device or lead of device acts like
an antenna, the following cases will possibly cause destruc-
tion. 1) a device is incorporated into a high electric field
such as a CRT, 2) a device is left under a high frequency
electric field and 3) a device is moved with a container
charged at high voltage, such as a tube.

@ Latch Up

Latch up is a problem unique to CMOS devices. This prob-
lem is a thyristor phenomenon caused by a parasitic PNP or
NPN transistor formed in the CMOS configuration. Latch up
occurs when an accidental surge voltage exceeding a maxi-
mum rating, a power supply ripple, an unregulated power
supply and noise is applied, or when a device is operated
from two sources having different set-up voltages. These
cases can cause input or output current to flow in the oppo-
site direction from usual flow, which triggers parasitic thyri-
stors. This results in excessive current flowing between a
power supply and ground. This phenomenon continues until
the power is off or the flowing current is forced to be re-
duced to a certain level. Once latch up occurs in an operat-
ing device, the device will be destroyed.
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Much effort should be made in designing circuits to prevent
latch up. Latch up triggering input or output currents start to
flow under the following conditions.

Vin < Vgg or Vin < GND for input level
Vout > Ve or Vout < GND for input level

Therefore, circuits should be designed so that no forward
current flows through the input protection diodes or output
parasitic diodes.

@ Soft Errors

When o particles are generated from uranium or thorium in
a package the silicon surface of an LSI chip, electron-hole
pairs are formed which act as noise to data lines and other
floating nodes, causing temporary soft errors. This phenom-
enon is shown in Figure 14. Only electrons from among the
electron-hole pairs are only collected to a memory cell. As a
result, the cell changes from a state of 1 to 0, which is a
soft error.

Hitachi devices have been subjected to simulation and irradi-
ation tests to prevent soft errors. In some cases, organic
material, PIQ, is applied to the surface of the device.

® Table 13. Failure Causes and Mechanism

0137-15

Figure 14. Soft Error Caused by
a Particles in Dynamic Memory

Failure Related Causes Failure Mechanisms Failure Modes
Passivation Surface Oxide Film, Pin Hole, Crack, Uneven Withstanding Voltage
Insulating Film between Wires Thickness, Contamination, Reduced, Short, Leak
Surface Inversion, Current Increased,
Hot Carrier Injected hrg Degraded, Threshold
Voltage Variation, Noise
Metallization Interconnection, Flaw, Void, Mechanical Damage, Open, Short, Resistance Increased
Contact, Through Hole Break Due to Uneven Surface,
Non-ohmic Contact, Insufficient
Adhesion Strength,
Improper Thickness,
Electromigration, Corrosion
Connection Wire Bonding, Ball Bonding Bonding Runout, Open, Short
Compounds between Metals, Resistance Increased
Bonding Position Mismatch,
Bonding Damaged
Wire Lead Internal Connection Disconnection, Sagging, Short Open, Short
Diffusion, Junction Junction Diffusion, Isolation Crystal Defect, Withstanding Voltage
Crystallized Impurity, Reduced, Short

Photo Resist Mismatching

Die Bonding Connection between Die Peeling Chip, Crack Open, Short, Unstable
and Package Operation, Thermal
Resistance Increased
Package Sealing Packaging, Hermetic Seal, Integrity, Moisture Ingress, Short, Leak Current
Lead Plating, Hermetic Package and Impurity Gas, High Temperature, Increased, Open, Corrosion
Plastic Package, Filler Gas Surface Contamination, Lead Disconnection, Soldering Failure
Rust, Lead Bend, Break
Foreign Matter Foreign Matter in Package Dirt, Conducting Foreign Short, Leak Current Increased
Matter, Organic Carbide
Input/Output Pin Electrostatistics, Electron Destroyed Short, Open, Fusing
Excessive Voltage, Surge
Disturbance a Particle Electron Hole Generated Soft Error
High Electric Field Surface Inversion Leak Current Increased
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(6) Fine Geometry Related Problems

In response to higher integration requirements for memories
and microcomputers, LS| geometry has been reduced in the

However power supply has not been scaled down used for

way of 3 um — 2 um — 1.3 um —> 0.8 um.

o Table 14. Finer Geometry Related Problems

5V, only line dimensions have been fined increasingly. Prob-
lems associated with finer geometry are shown in Table 14.

Item

Problems

Countermeasure

5V Single Supply Voltage

® Breakdown Voltage of Gate Oxide Films
® Si0, Defects

Oxide Film Formation Process Improved
® Cleaning

® Gettering

® Screening

Horizontal Dimension Reduction

® Soft Errors by a Particles

® Al Reliability Reduced

® CMOS Latch Up

® Mask Alignment Margin Reduced
® Hot Carriers

Surface Passivation Film Improved
® Metallization Improved

® Design/Layout Improved

® Process Improved

Vertical and Horizontal
Dimension Reduction

® Higher Breakdown Voltage Not Permitted
® Electrostatic Discharge Resistance Reduced

Use of Low Voltage Examined
® Configuration Improved
® Protection Circuits Enhanced
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B QUALITY ASSURANCE OF IC MEMORY

1. VIEWS ON QUALITY AND RELIABILITY

Hitachi basic views on quality are to meet individual users’
purpose and their required quality level and also to maintain
the satisfied level for general application. Hitachi has made
efforts to assure the standardized reliability of our IC memo-
ries in actual usage. To meet users’ requests and to cover
expanding application, Hitachi performs the following:

(1) Establish the reliability in design at the stage of new
product development.

(2) Establish the quality at all steps in manufacturing pro-
cess.

(3) Intensify the inspection and the assurance of reliability of
products.

(4) Improve the product quality based on marketing data.

Furthermore, to get higher quality and reliability, we cooper-
ate with our research laboratories.

With the views and methods mentioned above, Hitachi
makes the best efforts to meet the users’ requirements.

2. RELIABILITY DESIGN OF SEMICONDUCTOR
DEVICES

2.1 Reliability Target

Establishment of reliability target is important in manufactur-
ing and marketing as well as function and price. It is not
practical to determine the reliability target based on the fail-
ure rate under single common test condition. So, the reliabil-
ity target is determined based on many factors such as each
characteristics of equipment, reliability target of system, de-
rating applied in design, operating condition and mainte-
nance.

2.2 Reliability Design

Timely study and execution are essential to achieve the reli-
ability based on reliability targets. The main items are the
design standardization, device design including process and
structural design, design review and reliability test.

(1) Design Standardization

Design standardization needs establishing design rules
and standardizing parts, material, and process. When de-
sign rules are established on circuit, cell, and layout de-
sign, critical items about quality and reliability should be
examined. Therefore, in using standardized process or
material, even newly developed products would have
high reliability, with the exception of special requirement
on function.

(2) Device Design

It is important for device design to consider total balance
of process design, structure design, circuit and layout de-
sign. Especially in case of applying new process or new
material, we study the technology prior to development
of the device in detail.

(3) Reliability Test by Test Site

Test site is sometimes called Test Pattern. It is useful
method for evaluating reliability of designing and pro-
cessing ICs with complicated functions.

1. Purposes of Test Site are as follows:
* Making clear about fundamental failure mode.

® Analysis of relation between failure mode and manufac-
turing process condition.

® Analysis of failure mechanism.
© Establishment of QC point in manufacturing.
2. Effects of evaluation by Test Site are as follows:

® Common fundamental failure mode and failure mecha-
nism in devices can be evaluated.

® Factors dominating failure mode can be picked up, and
compared with the process having been experienced in
field.

® Able to analyze relation between failure causes and
manufacturing factors.

® Easy to run tests.

2.3 Design Review

Design review is a method to confirm systematically whether
or not design satisfies the performance required including by
users, follows the specified ways, and whether or not the
technical items accumulated in test data and application
data are effectively applied.

In addition, from the standpoint of competition with other
products, the major purpose of design review is to insure
quality and reliability of the product. In Hitachi, design review
is performed in designing new products and also in changing
products.

The followings are the itmes to consider at design review.

(1) Describe the products based on specified design docu-
ments.

(2) Considering the documents from the standpoint of each
participant, plan and execute the sub-program such as
calculation, experiments and investigation if unclear mat-
ter is found.

(3) Determine the contents and methods of reliability test
based on design document and drawing.

(4) Check process ability of manufacturing line to achieve
design goal.

(5) Arrange the preparation for production.

(6) Plan and execute the sub-programs of design changes
proposed by individual specialists, for tests, experiments
and calculation to confirm the design change.

(7) Refer to the past failure experiences with similar devices,
confirm the prevention against them, and plan and exe-
cute the test program for confirmation of them.

In Hitachi, these study and decision at design review are
made using the individual check lists according to its ob-
jects.
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3. QUALITY ASSURANCE SYSTEM OF
SEMICONDUCTOR DEVICES
3.1 Activity of Quality Assurance

The following items are the general views of overall quality
assurance in Hitachi;

(1) Problems are solved in each process so that even the
potential failure factors will be removed at final stage of
production.

(2) Feedback of information is made to insure satisfied level
of process ability.

As the result, we assure the reliability.

3.2 Qualification

To assure the quality and reliability, the qualification tests
are done at each stage of trial production and mass produc-
tion based on the reliability design described in Section 2.

The following are the views on qualification in Hitachi:

(1) From the standpoint of customers, qualify the products
objectively by a third party.

(2) Consider the failure experiences and data from custom-
ers.

(3) Qualify every change in design and work.
(4) Qualify intensively on parts and materials and process.

(5) Considering the process ability and factor of manufactur-
ing fluctuation, establish the control points in mass pro-
duction.

Considering the views mentioned above, qualification shown
in Figure 1 is done.

Step

Target
Spewification

Contents

Design Review

]

Purpose

Appearance, Dimension

L Quality Approval (1)

Rehability Test
Life Test
Thermal Stress
Moisture Resistance
Mechanical Stress
Others

Design Characteristics of Material and
Tral — r;;:;;:'l‘- Parts Pamg leristic Confirmation of
Production Appearance Characteristics and
Dimension :
Heat Resrstance Rehability of Materials
Mechanical and Parts
Electrical
Others
Electrical . .
Characteristics Approval I Characteristics Confirmation of Target
Function Spec. Mainly about
X::’;’f“; Electrical
Temperature Characteristics
Others

I Quahity Approval (2)

Mass
Produciion

Reliability Test

Process Check same as

Quality Approval (1)

Confirmation of Quality

and Reliability in Design

Confirmation of Quality
and Reliability in Mass
Production
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3.3 Quality and Reliability Control in Mass
Production

To assure quality in mass production, quality is controlled
functionally by each department, mainly by manufacturing
department and quality assurance department. The total
function flow is shown in Figure 2.

Quality Assurance of IC Memory

3.3.1 Quality Control on Parts and Materials

With the tendency toward higher performance and higher re-
liability of devices, quality control of parts and materials be-
comes more important. The terms such as crystal, lead
frame, fine wire for wire bonding, package and materials re-
quired in manufacturing process like mask pattern and
chemicals, are all subject to inspection and control.

Process

i

—_—

Material, Parts ]

Material,
Parts

Quality Control

Inspection of

Inspection on Material and
Parts for Semiconductor

Devices

Manufacturing

Manufacturing Equipment,
Environment, Sub-material,

Worker Control

Method

Lot Sampling,
Confirmation of

Quality Level

Screening

Inner Process

Quahity Control

Confirmation of

Quality Level

100% Inspection

Products

L _

I

|

I

I

I

I
—!
|

I

J

100% Inspection on

Lot Sampling,
Confirmation of

Quality Level

Products
Inspection

S Testing,
|
Appearance and Electrica Inspection
Characteristics
Sampling Inspection on
Appearance and Electrical — Lot Sampling

Characteristics

Rehability Test

Confirmation of
Quahity Level, Lot
Samphng

Recewing J“

Quality Information.
Claim
Field Experience
General Quahty
Information

Feedback of

Information
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Figure 2. Flow Chart of Quality Control in Manufacturing Process
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Besides qualification of parts and materials stated in 3.2,
quality control of parts and materials is defined in incoming
inspection. Incoming inspection is performed based on its
purchase specification, drawing and mainly sampling test
based on MIL-STD-105D.

The other activities for quality assurance are as follows:
(1) Technology Meeting with Vendors

(2) Approval and Guidance of Vendors

(3) Analysis and tests of physical chemistry

The typical check points of parts and materials are shown in
Table 1.

¢ Table 1. Quality Control Check Points of Parts and
Material (example)

Material Important .
Parts Control Items Point for Check
Appearance Damage and Contamina-
tion on Surface
Wafer DimensioP Flat.ness
Sheet R tance R e
Defect Density Defect Numbers
Crystal Axis
Appearance Defect Numbers, Scratch
Dimension Dimension Level
Mask Resi .
esistoration
Gradation Uniformity of Gradation
. Appearance Contamination, Scratch,
Fine .
N Bend, Twist
Wire for Di .
Wire imension )
Bonding Purity ) ) Purity Level
Elongation Ratio Mechanical Strength
Appearance Contamination, Scratch
Dimension Dimension Level
Processing
Frame Accuracy
Plating Bondability, Solderability
Mounting Heat Resistance
Characteristics
Appearance Contamination, Scratch
Dimension Dimension Level
Leak Resistance Airtightness
Plating Bondability, Solderability
Ceramic Mounting Heat Resistance
Package Characteristics
Electrical
Characteristics
Mechanical Mechanical Strength
Strength
Composition Characteristics of
Plastic Material
Electrical
Characteristics
Plastic Thermal ..
Characteristics
Molding Molding Performance
Performance
Mounting Mounting Characteristics
Characteristics

3.3.2 Inner Process Quality Control

To control inner process quality is very significant for quality
assurance of devices. The quality control of products in ev-
ery stage of production is explained below. Figure 3 shows
inner process quality control.

(1) Quality Control of Products in Every Stage of Production

Potential failure factors of devices should be removed in
manufacturing process. Therefore, check points are set
up in each process so as not to move the products with
failure factors to the next process. Especially, for high re-
liability devices, manufacturing lines are rigidly selected
in order to control the quality in process. Additionally we
perform rigid check per process or per lot, 100% inspec-
tion in proper processes so as to remove failure factors
caused by manufacturing fluctuation, and screenings de-
pending on high temperature aging or temperature cy-
cling. Contents of controlling quality under processing
are as follows:

® Control of conditions of equipment and workers and
sampling test of uncompleted products.

® Proposal and execution of working improvement.
® Education of workers
® Maintenance and improvement of yield

® Picking up of quality problems and execution of coun-
termeasures toward them.

® Communication of quality information.

(2) Quality Control of Manufacturing Facilities and Measuring
Equipment

Manufacturing facilities have been developed with the
need of higher devices in performance and the automat-
ed production. It is also important to determine quality
and reliability.

In Hitachi, automated manufacturing is promoted to avoid
manufacturing fluctuation, and the operation of high per-
formance equipment is controlled to function properly.

As for maintenance inspection for quality control, daily
and periodically inspections are performed based on
specification on every check point.

As for adjustment and maintenance of measuring equip-
ment, the past data and specifications are clearly
checked to keep and improve quality.

(3) Quality Control of Manufacturing Circumstances and Sub-
material.

Quality and reliability of devices are affected especially
by manufacturing process. Therefore, we thoroughly con-
trol the manufacturing circumstances such as tempera-
ture, humidity, dust, and the sub-materials like gas or
pure water used in manufacturing process.

Dust control is essential to realize higher integration and
higher reliability of devices. To maintain and improve the
clearness of manufacturing site, we take care of build-
ings, facilities, air-conditioning system, materials, clothes
and works. Moreover, we periodically check on floating
dust in the air, fallen dust or dirtiness on floor.
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Process

Y Purchase of Material

FWafer

Surface Oxidation

Inspection on Surface
Oxidation

Photo Resist

Inspection on Photo Resist
OPQC Level Check
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0138-3
Figure 3. Example of Inner Process Quality Control
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Quality Assurance of IC Memory

3.3.3 Final Tests and Reliability Assurance

1

Final Tests

Lot inspection is done by quality assurance department
for the product passed in 100% test in final manufactur-
ing process. Though 100% of passed products is expect-
ed, sampling inspection is subjected to prevent mixture
of failed products by mistake.

The inspection is executed not only to confirm that the
products meet users’ requirement, but to consider poten-
tial factors. Our lot inspection is based on MIL-STD-
105D.

(2) Reliability Assurance Tests

To assure reliability, the reliability tests are performed pe-
riodically, and performed on each manufacturing lot if
user requires.

Information)

Sales Engineering Dept.

Customer
Claim
(Failures,
Sales Dept.

r————- D 1
| : |
| Quality Assurance Dept. Failure Analysis |
| |
| | |
| ! { 1
| ] Countermeasure |
| Manufacturing Dept. Design Dept. Execution of |
| Countermeasure |
| l ] |
I Report |
| [
I |
I I
| i I
| Quality Assurance Dept. Follow-up and Confirmation |
| of Countermeasure Execution |
| |
| Report |
e S —

Sales Engineering Dept.

Customer

Reply

0138-4
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Figure 4. Process Flow Chart of Coping with Failure to a Customer
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B OUTLINE OF TESTING METHOD

1. INSPECTION METHOD

Compared to conventional core memories, IC memories
contain all peripheral circuits, such as the decoder circuit,
write circuit and read circuit. As a result, assembly and elec-
trical inspection of ICs are all performed by IC manufactur-
ers. Consequently, as the electrical inspection of IC memo-
ries are becoming more systematic, conventional IC inspec-
tion facilities are becoming useless. This has led to the de-
velopment and introduction of a memory tester with pattern
generator to generate the inspection pattern of the memory
IC at high speed. A function test for such as TTL gates can
be performed even by a simple DC parameter facility. How-
ever, when the address input becomes multiplexed as in
16k, 64k and 256k memory, even the generation of the func-
tion test pattern becomes a serious problem.

In the memory IC inspection, its quality cannot be judged by
DC test on external pins only, because the number of the
element such as transistor which can be judged in the DC
test is only 1/1000 of all elements. The following are the ad-
dress patterns proposed to inspect whether the internal cir-
cuits are functioning correctly.

(1) All “Low”, All “High”
(2) Checker Flag

(3) Stripe Pattern

(4) Marching Pattern

(5) Galloping

(6) Waling

(7) Ping-Pong

Those are not all, but only representative ones. There are
the pattern to check the mutual interference of bits and the
pattern for the maximum power dissipation. Among the
above mentioned patterns, those of (1) to (4) are called N
pattern, which can check one sequence of N bit IC memory
with the several times of N patterns at most. Those of (5) to
(7) are called N2 pattern, which need several times of N2
patterns to check one sequence of N bit IC memory. Serious
problem arises in using N2 pattern in a large-capacity memo-
ry. For example, inspection of 16k memory with galloping
pattern takes a lot of time = about 30 minutes. (1), (2) and
(3) are rather simple and good methods, however, they are
not perfect to find any failure in decoder circuits. Marching is
the most simple and necessary pattern to check the function
of IC memories.

2. MARCHING PATTERN

The marching pattern, as its name indicates, is a pattern in
which “1”’s march into all bits of “0"s. For example, a sim-
ple addressing of 16-bit memory is described below.

(1) Clearallbits ...............oooviiinnt. See Fig. 1 (a)

(2) Read “0” from Oth address and check that the read data
is “0”. Hereafter, “Read” means “checking and judging
data”

(3) Write “1” onOth address ................ See Fig. 1 (b)

(4) Read “0” from 1st address.

(5) Write “1” on 1st address.

(6) Read “0” from nth address.

(7) Write “1” onnth address ................ See Fig. 1 (c)

(8) Repeat (6) to (7) to the last address. Finally, all data will
be “1”.

(9) After all data become “1”, repeat from (2) to (8) replac-
ing “0” and “1”.

In this method, 5N address patterns are necessary for the

N-bit memory.

a b c
v [ 0 " 1 0 0 0 1 1 1 1
o 0 o0 0 o 0 0 o [T T |
o 0w ¢ o o 0 0 10 o
0N 0 0 J 0 o 0 0 0 0 0 [

0139-1

Figure 1. Addressing method for 16-bit
memory in the Marching pattern
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H APPLICATION

1. VIDEO RAM

1.1 Multiport Video RAM

Figure 1-1 shows general idea of video RAM. Multiport video Effective graphic display memory is rc.ealized by using t.he
RAM provides an internal data register (SAM) with the mem- random p0|:t of the RAM part for graphic processor drawing
ory (RAM). Both of them can be accessed asynchronously. and the serial port of the SAM part for CRT display.

RAM SAM
£
DRAM
Random port memorv cell ~ ? Senal port
<F‘___:> ]
(=]

Drawing {} Displey

[
Address Mulu-port

Video RAM
Graphic
Processor

Figure 1-1. General Idea of Multi-Port Video RAM

Figure 1-2 shows the block diagram of the 256-kbit multiport
video RAM HM53461, and Table 1-1 shows the operation
modes of the HM53461.

0140-18

S1/0

EH

Temporary

W Z .
sc SoE
0140-19
Figure 1-2. Block Diagram of HM53461
The operation modes shown in Table 1-1 are described as follows.
¢ Table 1-1. Operation Modes of HM53461
At the Falling Edge of RAS SAM Modes
— — — — RAM Modes —
CAS DT/OE WE SOE SI/0 Direction Notes
H H H X Read/Write Sin/Sout 1,2,3
H H L X Temporary Write Mask Data Program Sin/Sout 1,2,3
H L H X Read Transfer Sout 2
H L L L Write Transfer Sin
H L L H Pseudo Transfer Sin
L X X X CBR Refresh Sin/Sout 1,2

H: High L:Low X:Don’t Care
Notes: 1. Transfer cycle executed previously defines SI/O direction.
2. SI/O is in high impedance state with SOE high, even if the direction is Soy;.
3. The HM53461 starts write operation if WE is low at the falling edge of CAS or become low between the falling edge of
CAS and the rising edge of RAS.
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Read/Write Operation: Read/write is performed on the
random port in the same sequence as for a dynamic RAM
(Figure 1-3). The HM53461 starts the read operation with
WE high and the write operation at the falling edge of WE.

Column 1/0
Data register
Selector

A\ | e

1/01—1/04

0140-20

Figure 1-3. Read/Write Operation

Temporary Write Mask Set and Temporary Masked
Write Operation: The HM53461 provides temporary
masked write operation which inhibits to write data bit-by-bit
(write mask) during one RAS cycle. Temporary write mask
set function defines the bits to be inhibited (Figure 1-4). This
operation puts the data on 1/01-1/04 into the internal tem-
porary write mask register. When 0 is programmed to the
register, writing to the corresponding bit is inhibited.

The temporary write mask register is reset at the rising edge
of RAS.

Application

Read Transfer Operation: In this cycle, the HM53461
transfers the data of one row in RAM (1024 bits), which ad-
dress is specified at the falling edge of RAS, to SAM (Figure
1-5). The start address in SAM can be programmed at the
falling edge of CAS in this cycle. After data transfer, the seri-
al port turns to serial read mode at the rising edge of
DT/OE.

1
SAM start address

[ S1/01-51/04

Column decoder
Column 1/0

Data register 7/
Selector

0140-22

Figure 1-5. Read Transfer Operation

Write Transfer Operation: In this cycle, the HM53461
transfers the data in the SAM data register (1024-bits) to
one row in RAM, which address is specified at the falling
edge of RAS (Figure 1-6). The start address in SAM can be
programmed in this cycle. After data transfer, serial port
turns to serial write mode.

SAHl start address
I
{ 3 §
-'g § g ; K= s1/01-s1/04
3|6 s
g _§ 0140-23
Bl Figure 1-6. Write Transfer Operation
1/01-1/04
0140-21
Figure 1-4. Temporary Masked Write Operation
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Application

Pseudo Transfer Operation: This operation switches the
serial port to serial write mode (Figure 1-7). It does not per-
form data transfer between RAM and SAM. Sam start ad-
dress can be programmed in this cycle.

A0—A7

B (&
—

T

g g DRAM £,
H § memory g %Czsvo:—sx/m
S a

0140-24

Figure 1-7. Pseudo Transfer Operation

CAS Before RAS Refresh Operation: The HM53461 per-
forms refresh by using the internal address counter in this
operation (Figure 1-8).

[ atymn | | Rox | [ R sdess |

Row

decoder
HIE 8
g|= DRAM 5
HEE memery : 3
dIE &

0140-25

Figure 1-8. CAS Before RAS Refresh

Serial Read/Write Operation: The HM53461 reads/writes
the contents of the SAM data register in serial at the rising
edge of SC (serial clock input) (Figure 1-9). The address for
serial access is generated by the internal address pointer,
independently of random port operation. It should be consid-
ered that serial access is restricted in transfer cycles. The
SAM, employing static-type data registers, requires no re-
fresh.

DRAM
memory
cell

Column 1/0

Data register

; K—> s1/01-s1/04

0140-26

Figure 1-9. Serial Read/Write Operation

The HM53462 is a multiport video RAM, adding logic opera-
tion capability to the advantages of HM53461.

Figure 1-10 shows the block diagram. Table 1-2 describes
the operation modes.

DT/0E
RAM SAM i
1
DRAM AN |
memory register s1/0
N—v]
\J 14
ll
Serial
Wnite Temporary 1 ot
1 mask wnite mask
register register ]
! #T .
3
WE—— — - ! - _ __,
SC SOE

0140-27

Figure 1-10. Block Diagram of HM53462
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Application
* Table 1-2. Operation Modes of HM53462

At the Falling Edge of RAS SAM Modes

CAS DT/0E WE SOE RAM Modes SI/0 Direction Notes
H H H X Read/Write Sin/Sout 1,23
H H L X Temporary Masked Write Sin/Sout 1,23
H L H X Read Transfer Sout 2
H L L L Write Transfer Sin
H L L H Pseudo Transfer Sin
L X X X CAS Before RAS Refresh Sin/Sout 1,2
: B

H: High L:Low X: Don’t Care

Notes: 1. Transfer cycle previously executed defines SI/O direction.

2. 8I/0 is in high impedance with SOE high, even if SI/O direction is Sout-
3. HM53462 writes if WE is low at the falling edge of CAS or becomes low between the falling edge of CAS and the rising

edge of RAS.

Logic Operation Programming: This function programs a
logic operation (Figure 1-11). The logic operation is available
uintil re-programmed or reset. In logic operation mode,
HM53462 performs read-modify-write internally when data is
written into random port. The result of the logic operation
between memory data and written data is put into the ad-
dress from which the memory data is transferred.

In the logic operation programming cycle, the mask register,
which differs from the temporary mask register, is also pro-
grammed. It is available until reprogrammed.

A0—A7

Column decoder
Column 1/0
'
'
!
’y
-t
¥
|
'
1
|
I
1
1
|
T
|

———— ek
=}
=
>
=
Data register
Selector

|

Temporary write
mask register

Logic
Ao—E_t-‘:Dli“,_.l et
register

1/01—1/04
(dotted hnes indicate write in logic operation mode )

0140-28

Figure 1-11. Logic Operation Programming

Notes: Notes on using HM53461/HM53462 are as follows:

o Dummy RAS Cycle. Devices should be initialized by 8
dummy RAS cycles (minimum) before access to random
port. Refresh cycle can be inserted for initialization. It is
recommended that the system be initialized by dummy
RAS cycle in the automatic reset time of the processor.

Bypass Capacitor. One bypass capacitor should be insert-
ed between Voo and Vgg to each device. The Voo pin
should be connected to the capacitor by the shortest path.
A capacitor of several pF is suitable.

Negative Voltage Input. Negative polarity input level to in-
put pin or I/0O pin should be under —1V. In this range, it
has no effect on device characteristics or RAM/SAM data
retention.

Initialization of logic operation mode (HM53462). The logic
operation programming cycle should be executed before
access to the random port to initialize logic operation
mode after power on. At this point, the operation codes
(0101) and all 1 write mask data are recommended.

1.2 Line Memory

Hitachi has produced a line memory for line buffers with sim-
ple circuits, providing specific functions as described below.

The line buffer can improve picture quality by storing 1 hori-
zontal line data. It has following features.

¢ Capacity to store 1 horizontal line data

¢ High-speed operation matching the sampling speed of PAL
TV signal (4 fsc/8 fsc) or NTSC TV signal (4 fsc/8 fsc).

e Separate data inputs/outputs and capability of serial data
inputs and outputs.

The conventional line buffer composed of high speed static
RAMSs requires separate input/output for double buffer orga-
nization. It also requires interleaving for high speed opera-
tion, matching 4 fsc/8 fsc, where fsc is the subcarrier fre-
quency. In addition, external circuits are needed for serial
address scan.
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Application

The line memory provides all of these functions. Figure 1-12
shows the standard ogranization of a conventional memory
buffer and Figure 1-13 shows the block diagram of line
memory.

Line Buffer

lnleﬂeav:u¥

ks -

Address | Address

0140-29

Figure 1-12. Standard Organization of
Conventional Line Buffer

Read
Address Read
Counter Clock
Input Output
Buffer 1H Memory Bul‘f’:‘
- ﬂl:]ﬁ = oo
Wnite. vanu s
Clock Counter

0140-30

Figurer 1-13. Block Diagram of Line Memory

The Hitachi HM63021 is a 2048-word x 8-bit line memory
storing 2 horizontal lines of data.

It has five different modes for various video graphic system
applications. It realizes high speed operations for PAL and
NTSC TV signals, and dissipates little power employing
1.3 um CMOS technology and static-type memory cells.

The features of the HM63021 are described as follows:

¢ Five modes for various video graphic system applications
—Delay line mode
—Alternate 1H/2H delay mode
—TBC (Time-Base Corrector) mode
—Double speed conversion mode
—Time-base compression/expansion mode

High speed cycle time

—HM63021-34: 34 ns min (corresponds to 8 fsc of NTSC
TV signal)

—HM®63021-28: 28 ns min (corresponds to 8 fsc of PAL
TV signal).

Line memory in the system using digital signal processing
technologies offers following applications:

. comb filter

. double-speed conversion (non-interface)

. compression/expansion of graphics (picture-in-picture)
. dropout canceller

. time-base corrector

. noise reducer

OUTA WN =
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2. DYNAMIC RAM

2.1 Dynamic RAM Memory Call

The dynamic RAM memory cell consists of 1 MOS transistor
and 1 capacitor, as shown in Figure 2-1. It detects the data
in the cell (1 or 0) by the charge stored in capacitor. Dynam-
ic RAM offers higher density than that of statc RAM be-
cause of fewer components per chip.

However, Dynamic RAM must rewrite data, called refresh, in
a defined cycle because the charge stored in the capacitor
leaks.

Word Line

Data Q

Line I
0140-31

Figure 2-1. Memory Cell of Dynamic RAM

2.2 Power On Procedure

After turning on power, to set the internal memory circuitry,
hold for more than 100 us, then apply eight or more dummy
cycles before operation. The dummy cycle may be either a

Application

normal read/write cycle or a refresh cycle. When using an
internal refresh counter, eight or more CAS before RAS re-
fresh cycles are required as dummy cycles.

2.3 Address Multiplexing

Dynamic RAMs are used to increase capacity because of
their smaller cell area. In using dynamic RAMs in systems,
however, it is desirable to increase the memory density by
using smaller packages. To reduce the number of pins and
the package size, address multiplexing is used.

Using a 1-Mbit dynamic RAM, 20-address signals are neces-
sary to select one of 1,048,576 memory cells. Address multi-
plexing allows address signals to be applied to each address
pin. Thus only 10-address input pins are required to select
one of 1,048,576 addresses. Multiplexed address inputs are
latched as follows: RAS (Row Address Strobe) selects one
of word lines according to the row address signal, and one
of column decoders is selected by CAS (column address
strobe) following column address signal. Although two extra
signals, RAS and CAS, are required, the number of address
pins is reduced to half. Figure 2-2 shows the pin arrange-
ment, address latch waveform, and the block diagram of ad-
dress-multiplexed 1-Mbit dynamic RAM. Systems need an
address multiplexer in order to latch the multiplexed address
signals into the device.

Ap-Ag Address Inputs
CAS Column Address Strobe Memory Cycle
Dip Data In RAs N
Dout Data Out .
RAS Row Address Strobe CAS
— - Row Address Column Address
WE Read/Write Input Add -
VCC Power (+ 5V)
Vss Ground (b) Address Lasch 0140-32
Ap-Ag Refresh Address Inputs
(a) Pin Arrangement
External peﬂpheul—l— Internal memory LSI
Circut ' RAS Row
Address Word Lune

Row Latch

Address ] Circuit I

oreed % o] ]

Multiplexed
piplex i o5
Column address
(¢) Block diagram of Address Multiplexing
0140-33

Figure 2-2. Address Multiplexing of Dynamic RAMs
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2.4 Dynamic RAM Function

W /“\
chs  /

Don't Care
1,0 C

(2) Read Cycle 0140-34
RAS —_\_—_—_—/——-
CAs \L—/'_—

WE
D
Dout maz
(Barly Write) orenee
—— trwe N

- =

CAS /
i TN

SN 1111111111, S Y1

(c) Read-Modify-Write Cycle oro-se

(b) Write Cycle

trc: Random Read or Write Cycle Time
trep: RAS to CAS Delay Time

trac: Access Time from RAS

tcac: Access Time from CAS

R: Row Address

C: Column Address

0140-37

(Delayed Write)

trwc: Read-Write Cycle Time

Figure 2-3. Normal Function of Dynamic RAM

Read Cycle: In the read cycle, a row address is latched at
the falling edge of RAS, and a column address is latched at
the falling edge of CAS after the RAS falling edge. If WE is
high, the data is read out from Dgyt with the access time of
tcac (Access time from CAS) or tgac (Access time from
RAS).

The trep maximum (RAS to CAS delay time) is specified
only to guarantee the specified minimum values of other tim-
ings such as the cycle time, RAS/CAS pulse width. There-
fore, when using these timings with more than the specified
minimum value, there is no need to limit the trcp to the
specified maximum value.

Write Cycle: Dynamic RAM provides two write cycle modes:
early write cycle and delayed write cycle. In the early write
cycle, when WE is low, data is written into Dy, at the falling
edge of CAS. In delayed write cycle, when WE is high, data
is written into D, at the falling edge of WE after CAS falling.

Read-Modify-Write Cycle: The read-modify-write cycle is
initiated by taking WE high. Data is read out from Doy at the
falling edge of CAS with WE high. Then, when WE goes low,
data is written into the same address from Dy, in the same
cycle.

The cycle time in the read-modify-write mode (trwc) is long-
er than the cycle time in read/write mode (irc).
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2.5 High Speed Access Mode

Dynamic RAM access time is typically longer than that of
static RAMs. To realize higher speed operation, they have
high speed access modes.

The read operation in dynamic RAM is performed as follows:

When a word line is selected by row address, all data in the
memory cells connected to the selected word line is trans-
ferred to sense amplifiers. One of these sense amplifiers is
selected by the column address, and its contents are output.

The output of data from other sense ampilifiers is controlled
only by the column address.

Access controlled only by column address with the row ad-
dress fixed is called high speed access mode. Table 2-1
compares each mode.

Page Mode: This is the most typical access mode in dynam-
ic RAM. The column address is switched synchronized with
CAS falling.

Application

Nibble Mode: In a nibble mode dynamic RAM, data from 4
sequential addresses is stored in the 4-bit output latch cir-
cuits. Output is provided by the CAS signal, which controls
the latch circuits.

When 4 addresses are accessed sequentially, the row ad-
dresses on and after second bit need not be selected.
Therefore, it facilitates the timing design. In nibble mode, the
operation is limited to 4 addresses, however, it enables fast-
er access (tyac) than that in page mode.

Static Column Mode: In static column mode, the column
address is switched without the synchronized signal by high-
speed static RAM technology in the peripheral circuits.

High Speed Page Mode: This mode is the advanced mode
of static column mode, with CAS providing the address latch
function.

® Table 2-1. Comparison of Dynamic RAM High Speed Access Modes

I W A
CAs
Address K

Dout

Normal Mode

R: Row Address
C: Column Address

RAS

Page Mode CAS
Address ZXBXC)

Dout

0140-39

RAS

I

 ANE 2 Y 20 Y 20 Y 2N

Nibble Mode CAs

Address DX XTI 077777777727 77777777 A7 777,

Dout AR 2

{3 ) 4

0140-40

Static Column Mode

0140-41

High-Speed Page Mode |  CAS

0140-42
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26 Refresh CAS Before RAS Refresh: This mode refreshes by the
CAS falling edge before RAS in the period defined by the
Refresh operation is performed by accessing every word line internal refresh address generator. This mode simplifies the
within the specified time (refresh cycle). Table 2-2 compares external address multiplexer.

the following refresh modes in dynamic RAM.

RAS Only Refresh: In RAS only refresh mode, refresh can
be completed by selecting only row addresses synchronized
with RAS.

Hidden Refresh: In hidden refresh, CAS before RAS refresh
is performed while output data is valid.

® Table 2-2. Comparison of Dynamic RAM Refresh Modes

RAs | U

ca
Address m

powt ———————<__—

0140-43

Wy r~
RAS Only Refresh CAS 72277 \7//
Nt 2 XTI

Dout

0140-44

RAS — \ /
TAS Before RAS Refresh T
Address

Dout
0140-45

~<——Read Cycle o <« Refresh Cycle —o.

RAS / \

Hidden Refresh CAs
Address on't Care

Dout ————————C

VNS

0140-46

V7 Don’t care

0140-47
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3. INSTRUCTIONS FOR USING MEMORY DEVICES

3.1 Prevention of Electrostatic Discharge

As semiconductor memory designs are based on a very fine
pattern, they can be subject to malfunction or defects
caused by static electricity. Though the built-in protection cir-
cuits assure unaffected reliability in normal use, devices
should be handled according to the following instructions.

1. In transporting and storing memory devices, put them in
conductive magazine or put all pins of each device into a
conductive mat so that they are kept at the same poten-
tial. Manufacturers should give enough consideration to
packing when shipping their products.

2. When devices touch a human body in mounting or inspec-
tion, the handler must be grounded. Do not forget to in-
sert a resistor (1 MQ approx. is desirable) in series to pro-
tect the handles from electrical shock.

3. Keep the relative ambient humidity at about 50% in pro-
cess.

4. For working clothes, cotton is preferrable to synthetic fab-
rics.

5. Use a soldering iron operating at low voltage (12V or 24V,
if possible) with its tip grounded.

6. In transporting the board with memory devices mounted
on it, cover it with conductive sheets.

7. Use conductive sheets of high resistance to protect devic-
es from electrostatic discharge. For, if dropped onto con-
ductive materials like a metal sheet, devices may deterio-
rate or even breakdown owing to sudden discharge of the
charge stored on the surface.

8. Never set the system to which memory devices are ap-
plied near anything that generates high voltage (e.g., CRT
Anode electrode, etc.).

3.2 Using CMOS Memories

As shown in Figure 3-1, the input of a CMOS memory is
connected to the gate of an inverter consisting of PMOS

Vee

41
P
Input Output

N

0140-71

Figure 3-1. CMOS Inverter
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and NMOS transistors. Figure 3-2 shows the relationship be-
tween the input voltage and current in this inverter. The top
and bottom transistors turn ON and make current flown
when the input voltage becomes intermediate level. There-
fore, it is necessary to keep the input voltage below 0.2V or
above Vgc — 0.2V in order to minimize power consumption.
The data sheet specifies the stand-by current for both the
cases of input level with minimum V)4 and maximum Vj,
and that with 0.2V or Vg — 0.2V, and the difference in val-
ue is remarkably great. Some memory devices are designed
to cut off such current flow in standby mode by the control
of input signals, but it depends on device type. This should
be confirmed in data sheets for each device type.

Vee =50V
4

N

! N

Current/ Arbitrary Umit*

4 6

Input Voltage
0140-72

Figure 3-2. Relationship between Input Voltage and
Current in CMOS Inverter

Another problem particular to CMOS devices is latch-up. Fig-
ure 3-3 shows the cross section of a CMOS inverter and the
structure of a parasitic bipolar transistor. The equivalent cir-
cuit of the parasitic thyristor is shown in Figure 3-4. When
positive DC current or pulse noise is applied (Figure 3-4 (a)),
TR3 is turned on owing to the bias voltage generated be-
tween base and emitter. And trigger current flows into GND
through Rp, the base resistance of TR2. As a result, TR2
becomes conductive and current flows from power supply
(Vo) through the base resistance of TR1 (Ry), which puts
TR1 into conduction, too. Then, as the base of TR2 is rebi-
ased by collector current from TR1, the closed loop consist-
ing of TR1 and TR2 reacts. Thus current flows constantly
between power supply (Vcc) and GND even without trigger
current caused by outside noise.

Latch-up can be caused by a negative pulse, too (Figure 3-4
(bb)). Most of semiconductor memory manufacturers are try-
ing to improve latch-up immunity of their products. Hitachi
provides enough guard band by applying diffusion layer
around inputs and outputs, taking care not to connect input
to pt diffusion layer. Input voltage for 64K-bit static RAM
HM6264A, for example, is specified as follows:

V| max 6.0V (not depending on Vgg)
Vi min 3.0V (pulse width = 50 ns)
—0.3V (DC level)

Thus almost no consideration for latch-up is required in sys-
tem design.
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Application
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Figure 3-3. Cross Section Structure of CMOS Inverter

(a) Thynstor Effect by

Negative Ty ON
Voltage fl

Trni ON
1
Te: ON

(b) Thynistor Effect by

Positive Voltage Negative Voltage
0140-74
Figure 3-4. Equivalent Circuit of Parasitic Thyristor
3.3 Noise Prevention High-frequency Nowe
Not More than 10% of Standerd
Power Supply Vohage

Noise in semiconductor memories is roughly classified into
input signal noise and power supply noise.

3.3.1 Input Signal Noise

Input signal noise is caused by overshoot and undershoot. If
either of them is out of recommended DC operating condi-
tions, normal operation is hindered, and voltage over abso-
lute maximum rating will break the device. In operating high
speed systems, special care is required to prevent input sig-
nal noise.

The noise can be prevented by inserting a serial resistance
of less than 50Q into each input or a terminating resistance
into the input line. Actually, however, input signal noise can
be simply reduced by a stable power supply line, because it
is often caused by unstable reference voltage (GND level).

3.3.2 Power Supply Noise

The power source noise can be classed as low-frequency
noise and high-frequency noise as shown in Figure 3-5. To
assure stable memory operation, the peak-to-peak power
supply voltage in the presence of low-or high-frequency
noise should be held below 10 percent of its standard level.

Devices like dynamic RAMs, which operate from clock sig-
nals, or high speed CMOS static RAMs, through which cur-
rent flows during transition of signals, consume high peak

Low
Not

More than

-frequency N

e 10% of Sundurd Power
of -and High-frequency
More +10% of Standard Power
Supply Vi

if
)

i

i

0140-75

Figure 3-5. Power Source Noise

current. When a power supply does not have enough capac-
ity for the peak current, voltage drops. And if the recovery
rate of the power supply synchronizes with its time constant,
it may start oscillating. To reduce the influence of the peak
current, a bypass capacitor of 0.1 — 0.01 uF should be in-
serted near the device. The following points must be consid-
ered in designing pattern of the board:

¢ For bypass capacitors, use titanium, ceramic, or tantalum
capacitors which have better high-frequency characteris-
tics.

¢ Bypass capacitors must be applied as near to the power
supply pin of memory devices as possible, and inductance
in the path from Vg pin to Vgg pin through the bypass
capacitor must be as little as possible.
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* The line connected to the power supply on the board
should be as wide as possible.

Application

o It is preferable for the power supply line to be at right an-
gles to devices selected at the same time, lest too much
peak current should flow through one power supply line at
a time.

Preferred

—i—1 i1

L
|

]
=]

gLl

Vee  Vis Vee VssVee Vs
.

—
—————-

Data 1/0

Non-preferred
| -Faults-
1 Bypath Lines are too
-ONg.
2 Devices Selected at
a Time are on the
Same Mother Line
Vee Vss
N
Data 1/0

0140-76

Figure 3-6. Examples of Power Supply Board Pattern

3.4 Address Input Waveform of Hi-BiCMOS Memory

Data stored in memory might be destructed in case that Ad-
dress input of the HM6716, HM6719, HM6787, HM6788 and
HM6789 series becomes floating and sticks at and around
threshold voltage. (e.g., CPU does Address Bus to off state
in Figure 1.) Consequently, the following three methods are
recommended so as to preserve malfunction of memory de-
vice.

A: Insert latch as shown in Figure 3-7 lest Address Input
should become floating.

B: Put CS into High while Address Input becomes floating.
(Dotted line in Figure 3-8)

C: Insert Pull-up Resistor (R) to hold time constant of Rising
Edge waveform of Address Input pin (t; = R x C) below
150 ns.

Stable operation can be assured if you have already adopt-
ed the above three methods (A, B, C), while if you have any
problem, please contact our sales offices.

Pull-up r———
CPU Resistor |
|
Address | 5 L—/——| Memory
Bus Y'Stray b4 H Input
capacitance I3
cs’ on board ! :
Control c I ! TS
Lo-Jd
]
‘ t
b _l
0140-77
Figure 3-7

t

Address
input

Write Floating Read

0140-78

Figure 3-8
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HM514256A/AL Series

262,144-Word x 4-Bit CMOS Dynamic RAM

W DESCRIPTION

The Hitachi HM514256A/AL is a CMOS dynamic RAM organized 262,144-word x
4-bit. HM514256A/AL has realized higher density, higher performance and various
functions by employing 1.3 pm CMOS technology and some new CMOS circuit de-
sign technologies. The HM514256A/AL offers Fast Page Mode as a high speed ac-
cess mode.

Multiplexed address input permits the HM514256A/AL to be packaged in stan-
dard 20-pin plastic DIP, 20-pin plastic SOJ and 20-pin plastic ZIP.

B FEATURES
« Single 5V (£10%)

HM514256A/ALP Series

3DDP20NA

(DP-20NA)

HMS514256A/ALJP Series

3DCP20D

(CP-20D)
HMS514256A/ALZP Series

3DZP20

¢ High Speed
AccessTime .................o... 60 ns/70 ns/80 ns/100 ns/120 ns (max)
e Low Power
Standby ...l 11 mW (max), 1.7 mW (max) (L Version)
Active.............. 495 mW/440 mW/363 mW/302.5 mW/258.5 mW (max)
¢ Fast Page Mode Capability
e 512 RefreshCycles ..., (8 ms), (64 ms) (L Version)
e 2 Variations of Refresh
RAS Only Refresh
CAS Before RAS Refresh
H PIN OUT
HM514256A/ALP HM514256A/ALIP HM514256A/ALZP
Series Series Series
Hitachi Pin No
[\ i
v 20[J v [JEPEC Pin No..|
1022 19[ J1/04 o1 1 D20 Vss
— 1/02 2 019 1/04
wE[ s 18] J1/03 WE 3 h1s 1/03
i J— RAS 4| D17 CAS
RS E ‘ v —_-]CAS NC § N16 OE
ne[]s 18] JoE
a[]86 15[ a8
7 Ao 6j9 18|P15 A8
] u :I A A1 7}10 17|14 A7
az[]s 13[] a6 A2 sfijn 16{[13 A6
A3 9f)|12 151012 As
w7 12[]as Vee 10013 14(h11 a4
Vee []10 [ Jas e
0136-2
(Top View)
0136-1 .
(Top View) (Top View)
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B PIN DESCRIPTION

Pin Name Function
Ap-Ag Address Input
Ag-Ag Refresh Address Input
1/01-1/04 | Data Input/Data Output
RAS Row Address Strobe
CAS Column Address Strobe
WE Write Enable
OE Output Enable
Vce Power Supply ( + 5V)
Vss Ground
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HM514256A/AL Series

B ORDERING INFORMATION

Part No. Access Time Package Part No. Access Time Package
HMS514256AP-6 60 ns HMS514256ALP-6 60 ns
HMS514256AP-7 70 ns 300-mil 20-pin HMS514256ALP-7 70 ns 300-mil 20-pin
HM514256AP-8 80 ns Plastic DIP HM514256ALP-8 80 ns Plastic DIP
HM514256AP-10 100 ns (DP-20NA) HM514256ALP-10 100 ns (DP-20NA)
HM514256AP-12 120 ns HM514256ALP-12 120 ns
HMS514256ATP-6 60 ns HM514256ALJP-6 60 ns
HMS514256ATP-7 70 ns 300-mil 20-pin HM514256ALJP-7 70 ns 300-mil 20-pin
HM514256ATP-8 80 ns Plastic SOJ HMS514256ALIP-8 80 ns Plastic SOJ
HM514256AJP-10 100 ns (CP-20D) HM514256ALIP-10 100 ns (CP-20D)
HM514256AJP-12 120 ns HM514256ALIP-12 120 ns
HMS514256AZP-6 60 ns HMS514256ALZP-6 60 ns
HM514256AZP-7 70 ns 400-mil 20-pin HM514256ALZP-7 70 ns 400-mil 20-pin
HM514256AZP-8 80 ns Plastic ZIP HM514256ALZP-8 80 ns Plastic ZIP
HMS514256AZP-10 100 ns (ZP-20) HMS514256ALZP-10 100 ns (ZP-20)
HM514256AZP-12 120 ns HMS514256ALZP-12 120 ns
N BLOCK DIAGRAM
RAS m WE 55
RAS Control s c«w We CoMrol 0F Contvol
Circuit Curcun c"cull anll
'
1/01 I/OZ 1/03 l/04
1 1
[1/0Butter] [ 1/0 Butter ]
J1
|
|n
A {J <7
o] & |o ol &
5 EHE a2 EEE 2
3| oasek D)o |0 asek (S| ek P o [P asek |2
z ol o [0 zZ|Z ol « |0 <
~| Memory {o| & |o| Memory [~|~ Memory {o| & |Q] Memory ’
df 3138 |2 dld 31 8 |2 a
E Cell 21 g |&| Cell E|E Cell al g |x| Cel E
o| Array E’ i’ g Array glg| Array :Ei 2 g Array 5
§ <| E |< HEH <| € |< @
[} ol 2 |o ‘% “ ol 2 o @
IR gl S |2
& & ) @
Word Driver Word Driver Word Driver o Word Driver
Row Decoder [ Row Decoder Row Decoder Row Decoder
Row Address Buffer l I Column Address Buffer I
T\ ™~
A0—A8 r—‘
0136-4
© HITACHI

46

Hitachi America, Ltd. * Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300




B ABSOLUTE MAXIMUM RATINGS

HM514256A/AL Series

Item Symbol Value Unit
Voltage on Any Pin Relative to Vgg Vvt —1.0to +7.0 A
Supply Voltage Relative to Vgg Vee —1.0to +7.0 v
Short Circuit Output Current Tout 50 mA
Power Dissipation Pt 1.0 w
Operating Temerature Topr Oto +70 °C
Storage Temperature Tstg —55°to +125 °C
B ELECTRICAL CHARACTERISTICS
* Recommended DC Operating Conditions (T = 0 to +70°C)
Item Symbol Min Typ Max Unit Note
Vss 0 0 0 A
Supply Voltage
Vce 4.5 5.0 5.5 v 1
Input High Voltage Vi 24 — 6.5 A 1
1/0 Pin ViL -1.0 — 0.8 A 1
Input Low Voltage
Others Vi -20 — 0.8 \ 1
Note: 1. All voltage reference to Vgs.
® DC Characteristics (Tp = 0 to +70°C, Vg = 5V £10%, Vgg = 0V)
HM514256
Item Symbol | A/AL-6 A/AL-7 A/AL-8 A/AL-10 A/AL-12 | Unit Test Note
Conditions
Min | Max [ Min | Max | Min | Max | Min | Max | Min | Max
Operating RAS, CAS Cycling,
Current Icc1 — [0 | — | 8| — |66 — 5| — |4 |mA tR = Min 1,2
RAS, E—A—S = VIH
— 2] =12 =12 =12]-=12 Doyt = High-Z
mA | TTL Interface
Standby =i AR
177} RAS, CAS 2 Ve — 02V
Current — 1 — 1 — 1 — 1 — 1 CMOS Interface
Dout = High-Z
— | 300 — 300} — 1300} — 300} — ]300 pA | MOS Interface L-Version
RAS Only
Refresh Icc3 | — |99 — [ 8| — | 66| — |5 | — | 47 | mA|tgc = Min 2
Current
Battery Backup trc = 125 ps
Current (Only Icc4 | — [ 300 — [300| — {300 — |300| — | 300 pA | CAS Before 4
for L-Version) RAS Cycling
RAS = VIH
Standby I — s =|s5|—=|5s5|—=]5|—]|5|ma|Cas=vV 1
Current CC5 IL
Doyt = Enable
CAS Before RAS g
Refresh Current Icce | — | 80| — | 70| — | 66| — | 55| — | 47 | mA |trc = Min
stbage | Tecr | — 80| — || — || — || — |4 |ma|tc=Min 1,3
oputleakage | yy; | 10| 10 | —10[ 10 | —10| 10 | =10 10 [ —10| 10 | pA |OV S Vi <V
Output Leakage _ _ _ _ _ 0V = Vo <7V
Current Ito 10| 10 10| 10 10 10 10} 10 10| 10 | pA Doyt = Disable
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HM514256A/AL Series

® DC Characteristics (Tp = 0 to +70°C, Voc = 5V £10%, Vgg = 0V) (continued)

HMS514256
Item Symbol | A/AL-6 A/AL-T A/AL-8 A/AL-10 | A/AL-12 | Unit CO:;;i:ons Note
Min | Max | Min | Max | Min | Max | Min { Max | Min | Max
Output High | 24 | Voo | 24 [ Vee | 24 | Voo | 24 | Voe | 24 | v V | Highlyy = ~5mA
Voltage OH 8 CcC Q CcC g cC 8 cC . CC 1gh oyt = —
Output Low |y, 0 {o04] 0|04 0 ]0s] 004|071 04|V |Lowly=4d2ma
Voltage OL X . . X X out .
Notes: Icc depends on output loading condition when the device is selected. Icc (max) is specified at the output open condition.

Address can be changed less than three times while RAS = Vyy.

tRAS = tras (min) to 1 ps.
Input Voltage: I/0 Pins:

1.
2.
3. Address can be changed once or less while CAS = Vyy.
4.

The Other Pins: Vi 2 Voo — 0.2V, or Vpp, < 0.2V

e Capacitance (Tp = 25°C, Voc £10%)

Vig = Vec — 0.2V, Vi s 0.2V or High-Z

Item Symbol Typ Max Unit Note
Input Capacitance Address Cn — 3 pF !
Clock Cn — 7 pF 1
Input/Output Capacitance Data Input/Data Output Cr/0 — 10 pF 1,2
Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS = Vjy to disable Dgy¢.
® AC Characteristics (Tp = 0 to +70°C, Ve = 5V £10%, Vgg = 0V)14
Test Conditions
Input Rise and Fall Times 5ns
Input Timing Reference Levels 0.8v, 2.4V
Output Load 2 TTL Gate + Ci (100 pF)
(Including Scope and Jig)
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters)
HMS514256
Item Symbol A/AL-6 A/AL-7 A/AL-8 A/AL-10 A/AL-12 Unit | Note
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
5;3?35:‘%;’6 tRC 2] — || — |160] — |190]| — [220] — | ns
RAS Precharge Time trRp 50 — 50 — 70 — 80 — 90 —_ ns
RAS Pulse Width tRAS 60 | 10000 | 70 | 10000 [ 80 | 10000 [ 100 | 10000 | 120 | 10000 | ns
CAS Pulse Width tcAS 20 | 10000 [ 20 | 10000 | 25 | 10000 | 25 |{ 10000 | 30 | 10000 | ns
Row Address Setup Time tASR 0 — 0 — 0 — 0 — 0 — ns
Row Address Hold Time tRAH 10 — 10 — 12 — 15 — 15 — ns
Column Address Setup Time | tasc 0 — 0 — 0 — 0 — 0 — ns
Column Address Hold Time | tcan 15 — 15 — 20 — 20 — 25 — ns
RAS to CAS Delay Time trRep | 20 40 20 50 22 55 25 75 25 90 ns 8
RAS to Column Delay Time | trap 15 30 15 35 17 40 20 55 20 65 ns 9
RAS Hold Time tRsg | 20 — 20 — 25 — | 2 — 30 — ns
CAS Hold Time teSH 60 — 70 — 80 — 100 — 120 — ns
gﬁjl:::;‘*slﬁme tcre | 10| — 10| — 10| — |w0| — 10| — | n
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Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) (continued)

HM514256A/AL Series

HMS514256
Item Symbol A/AL-6 A/AL-7 A/AL-8 A/AL-10 A/AL-12 Unit | Note
Min | Max | Min | Max | Min | Max | Min | Max | Min [ Max
OE to Dy, Delay Time tobpD 20 — 20 — 20 — 25 — 30 — ns
OE Delay Time from D tpzo 0 — — 0 — 0 — 0 — ns
CAS Delay Time from Dy, tpzc 0 — — 0 — 0 — 0 — ns
Transition Time
(Rise and Fall) tT 3 50 3 50 3 50 3 50 3 50 ns 1,7
Refresh Period tREF — 8 — 8 — 8 — 8 — 8 ms
Refresh Period
(Only for L-Version) tREF — 64 — 64 — 64 — 64 — 64 ms
Read Cycle
HM514256
Item Symbol A/AL-6 A/AL-7 A/AL-8 A/AL-10 A/AL-12 Unit | Note
Min | Max | Min | Max | Min | Max | Mmn | Max [ Min | Max
Access Time from RAS tRAC — 60 — 70 — 80 — 100 — 120 ns 2,3
Access Time from CAS tcac — 20 — 20 — 25 — 25 — 30 ns 3,4
Access Time from Address tAA — 30 — 35 — 40 — 45 — 55 ns 3,5
Access Time from OE toAC — 20 — 20 — 25 — 25 —_ 30 ns
Read Command Setup Time | trcs 0 — 0 — 0 — 0 — 0 — ns
Read Command Hold
Time to CAS 'RCH 0 - 0 - 0 - 0 - 0 - ns
Read Command Hold
Time to RAS tRRH 10 — 10 — 10 — 10 — 10 — ns
Column Address to
RAS Lead Time tRAL 30 —_ 35 _ 40 — 45 — 55 —_ ns
Output Buffer
Turn-off Time tOFF1 - 20 — 20 — 20 — 25 — 30 ns 6
Output Buffer
Turn-off to OF tOFF2 — 20 — 20 — 20 — 25 — 30 ns 6
CAS to D,
Delay Time tcpD 20 — 20 — 20 — 25 — 30 — ns
Write Cycle
HM514256
Item Symbol A/AL-6 A/AL-7 A/AL-8 A/AL-10 A/AL-12 Unit | Note
Min | Max | Min | Max | Min | Max { Min { Max | Min | Max
Write Command Setup Time twcs 0 — 0 — 0 — 0 — 0 — ns 10
Write Command Hold Time twCH 15 — 15 — 20 — 20 — 25 — ns
Write Command Pulse Width | twp 10 — 10 — 15 — 15 — 20 — ns
Write Command to
RAS Load Time tRwr | 20 | — | 20 | — | 25| — | 25| — | 30 | — ns
Write Command to
CAS Lead Time tcwL 20 — 20 — 25 - 25 — 30 — ns
Data-in Setup Time tps 0 — 0 — 0 — 0 — 0 — ns 11
Data-in Hold time tpH 15 — 15 — 15 — 20 — 25 — ns 11
G HITACHI
Hitachi America, Ltd. ¢ Hitachi Plaza ® 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819  (415) 589-8300 49



HM514256A/AL Series

Read-Modify-Write Cycle

HM514256
Item Symbol A/AL-6 A/AL-7 A/AL-8 A/AL-10 A/AL-12 Unit | Note
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
Read-Write Cycle Time tRwC 170 — 180 — 220 — 255 — 295 — ns
RAS to WE Delay Time | trwp 85 — 95 — 110 — 135 — 160 — ns 10
CAS to WE Delay Time tcwD 45 — 45 — 55 — 60 — 70 — ns 10
Column Address to
WE Delay Time tAWD 55 — 60 — 70 — 80 — 95 — ns 10
OE Hold Time from WE | togy 20 — 20 — 25 — 25 — 30 —_ s
Refresh Cycle
HM514256
Item Symbol A/AL-6 A/AL-7 A/AL-8 A/AL-10 A/AL-12 Unit | Note
Min Max Min Max Min Max Min Max Min Max
CAS Setup Time
(CAS Before RAS | tcsr 10 — 10 — 10 — 10 — 10 — ns
Refresh Cycle)
CAS Hold Time
(CAS Before RAS tCHR 15 — 15 — 20 — 20 — 25 — ns
Refresh Cycle)
RAS Precharge to
TAS Hold Time tRPC 10 — 10 — 10 — 10 — 10 — ns
Fast Page Mode Cycle
HMS514256
Item Symbol A/AL-6 A/AL-7 A/AL-8 A/AL-10 A/AL-12 Unit | Note
Min Max Min Max Min Max Min Max Min Max
Fast Page Mode
Cycle Time tpc 45 — 50 — 55 — 55 — 65 — ns
Fast Page Mode CAS tcp
Precharge Time 10 — 10 — 10 — 10 — 15 — ns
Fast Page Mode RAS
Pulse Width trRasc | — | 100000 | — | 100000 | — | 100000 | — | 1000000 | — | 100000 | ns 12
Access Time from
CAS Precharge tACP — 40 — 45 — 50 — 50 — 60 ns 13
RAS Hold Time
from CAS Precharge tRHCP | 40 - 4 - 30 - 0 - 60 - ns
Fast Page Mode
Read-Write Cycle Time | PCM 9 - 100 - 1o - 115 - 135 - ns

Notes: 1.

AC measurements assume tt = 5 ns.

2. Assumes that trcp < trep (max) and tRap < trRap (max). If trep or trap is greater than the maximum recommended
value shown in this table, troc exceeds the value shown.

(=2 NS I S

N

. Measured with a load circuit equivalent to 2 TTL loads and 100 pF.
. Assumes that trcp 2 trcp (max) and trap < tRaD (max).
. Assumes that tRep < trep (max) and tRap 2 tRap (max).

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

. Transition times are measured between Vyg and V.

8. Operation with the trcp (max) limit insures that trac (max) can be met, trcp (max) is specified as a reference point only,
if trep is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac.
9. Operation with the tRap (max) limit insures that troc (max) can be met, trap (max) is specified as a reference point only,
if tRAD is greater than the specified tRap (max) limit, then access time is controlled exclusively by taa.
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HM514256A/AL Series

10.

11

12.
. Access time is determined by the longer of tp A, tcac Or tacp.
14.

twes, tRWDs tcwp and tawp 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 trwp 2 trwp (min), tcwp 2 tcwp (min) and tawp 2 tawp (min), the
cycle is a read-write and the data output will contain data read from the selected cell; if neither of the above sets of condi-
tions is satisfied, the condition of the data out (at access time) is indeterminate.

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.

trasc is determined by RAS pulse width in fast page mode cycles.

An initial pause of 100 ps is required after power-up followed by eight or more initialization cycles (any combination of
cycles containing RAS clock such as RAS only refresh). If the internal refresh counter is used, eight or more CAS before
RAS refresh cycles are required.

H TIMING WAVEFORMS
* Read Cycle

tac
RAS ﬂ tras
“\ _ e N
treo tcas terp
tesu
CAS
tasn| , e / ‘\_
‘M"uuz traL
v TG N o KLTTTTTITTIX
thes tren
_ 7 t‘—.
tan = LoFF)
1 <
m toac Lo
tozc o tecoo
toz0 tooo
E LI N W

U7/ : Don't care

0136-5
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HM514256A/AL Series

¢ Early Write Cycle

RN = = N
e - \ / \
Address m Row ] Coltnn

we 7///1///N - I,
Dn 77777W7777>§£' v N////1[[111111
Dout High 2

TWES 3 (WES (min)

U777 : Don't care .

® Delayed Write Cycle
RS — tras B gl\
CAS Leas y Z \
Address Row M Column x( f f ! !/f ! !/f f
we  JIIITITTT T j'—"‘,}///////////////,
Dn - o X/ /L1111
High-Z 1::: High-Z,
Dout tozo \‘_’Tf
toew I
& /1IN Y
ZZZ1 : Don't care oor
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* Read-Modify-Write Cycle

HM514256A/AL Series

tawc

R =K
\_

tr

trco tear

cas

tasn
ree trao

taa

S/ D 1/ = /) —

toan tcwe |
tacs tawe
tewn
twr
we / t
wE AWD
1l = R
trwo ton
tcac ]
trac
! os
toze
) High-Z Vald
v 77/ X711
|
High-Z £ Vaid
Dout 4 Output
toac toon

tozo torra) toen
OF - N\
o ““Giiiii / NNV

V/// :Don't care

0136-8

* RAS Only Refresh Cycle

tac
RAS ——'1\ taas £ i K
tcar tarc

(777

/) SR Y/,

Dout

OE, WE : Don't care
7/ : Don't care

0136-9
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HM514256A/AL Series

e CAS Before RAS Refresh Cycle

CAs

Address,Din,WE : Don't care
Dout : High-Z
V///] : Don't care

0136-10

® Fast Page Mode Read Cycle

RAS "—'.\\ trse ]r_—.:k
o
tesu truce ter |
tr . tec . trsu
CAS = teas en teas i teas tore
-
i:u N [ \-k— Z Z
tugy | [ e e
cAH
tase tasc ’ tasc tasc || [ ’1
=
Address /}g ROWj ColumMDgtCDlumn @g Colum% / / / /
e 7
tacs t I
tros tren taon |, tren
v Y N r@ 4
teoo toze taru
tozc toze teoo tcoo
Din N High-Z 7- High-Z High-Z -
4 ) teac :
tm t tM m——
|—a{ LOD t
taa teac AA ooo
trac tacr o Lace
torr1 torry tozo torrs
Dout High-Z A vid ¥ __|High-Z ‘m’ High-Z | A valid
. L L T
t
o tozo tore2 JE%' torr2 OA,'C‘ torr2
4 s -
TR
toac
Y///] : Don't care
0136~11
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HM514256A/AL Series
* Fast Page Mode Early Write Cycle

Trasc
—
RAS 1
N\
t tesn . tec
'
treo teas tee teas
CAS \ 1 3 x
tran )
tean tean, tean
tasr tasc tasc tasc
Address Row ?@S Column Column / _FColumn
twen twen twen
twes twes twes
w7/ 1///
Vi
T 1 I
to tou tos| | tou tos tou
Din Valid Valid (- Valid
Input input Input
! 1
High-Z
Dout &
OE : Don't care
: Don't care
0136-12
* Fast Page Delayed Write Cycle
RAS  ———y trasc
tesw
tr tasn
the | tear
— Leas | teas
CAS
\ I
taan tcan tean,
tase Lasc, base] 2:
Address Row Cdummmg;;;;/ Co!umn?!f!f/f
\ tawme
tewe tewm tem
Twr ter Tor
!'—'5 tow | o tos ton
S e T ), T Y R A
¥
toru
Dout High-Z
tooo
/
oF 1R D - Don's care
0136-13
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HM514256A/AL Series
¢ Fast Page Mode Read-Modify-Write Cycle

RAS ——
N

treu

tep

56

o \ i
_'M_D.I tace
tean
tasa) Lhwl tase ";’!c... tean
Address Row Column Column
AwD Lewe tawp tcwe
Res tcwp tcwp
trwo res i
. / twp twp
WE tan \
"
UL B e /
P teac
Fozc| teac tos| | ton toze ton
Input 4 Input
toac toac
=] loen T torrs| | toEn
020
High-Z High-Z High-Z
Dout igh Ly L L igh
tozo
tozo torr:
—— 2L
777 A
OE Toool =
/7] :Don't care
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Supply Current Icct (Normalized) Supply Current Icc1 (Normalized)

Supply Current Iccz (Normalized)

Supply Current (Active)

vs. Supply Voltage
13
i
M // é
1.0 / .g
§
A
0.9
— g
0.8 2
&
(2]
07
450 475 5.00 525 5.50
Supply Voltage Vcc (V)
Supply Current (Active)
vs. Frequency
10.0
5.0 §
i
£
Z
8
1.0
05 g
=
3
(%]
0'10.1 0.5 1.0 5.0 10.0
Frequency f(MHz)
Supply Current (Standby)
vs. Supply Voltage
16 I
TTL interface )
14 /A g
" 8
§
038 - E
_— o
=
06
&
(7]
04050 o 5.00 5.25 5.50
Supply Voltage Vcc (V)
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HM514256A/AL Series

Supply Current (Active)
vs. Ambient Temperature

13
12
1
10 —
0.9
0.8
075 20 40 60 80
Ambient Temperature Ta (°C)
Supply Current (Standby)
vs. Supply Voltage
13 | |
CMOS interf:
2 m ace / /
11
1.0
0.9 /,
08>
50 e 500 525 5.50
Supply Voltage Vcc (V)
Supply Current (Standby)
vs. Ambient Temperature
13
1.2
11 \
1.0 \
08 \‘\
0.8
075 20 40 60 80
Ambient Temperature Ta (°C)
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HM514256A/AL Series

58

RAS Access Time trac (Normalized)

CAS Access Time tcac (Normalized)

Address Access Time taa (Normalized)

RAS Access Time
" vs. Supply Voltage
1.2
1.1
—
1.0
\
0.9
0.8
0‘74.50 4.75 5.00 5.25 5.50
Supply Voltage Vcc (V)
CAS Access Time vs.
Supply Voltage
13
1.2
1.1 \
1.0
\\
09
08
07450 415 500 5.2 5.50
Supply Voltage Vec (V)
Address Access Time
vs. Supply Voltage
13
1.2
11PN
\
1.0 ~—]
0.9
0.8
R T 5.00 5.25 5.50

Supply Voltage Vcc (V)

@ HITACHI

RAS Access Time trac (Normalized)

CAS Access Time tcac (Normalized)

Address Access Time taa (Normalized)

0.9

08

0.7

RAS Access Time
vs. Ambient Temperature

20 40 60
Ambient Temperature Ta (°C)

CAS Access Time vs.
Ambient Temperature

80

/

—

80

[1X:]
0.8
075 20 40 60
Ambient Tempefature Ta (°C)
Address Access Time vs.
Ambient Temperature
13
12 / /
1.1 g
1.0 v
0.9 7
0.8
075 20 40 60 80

Ambient Temperature Ta (°C)
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HM514258A Series

262,144-Word X 4-Bit CMOS Dynamic RAM

B DESCRIPTION

The Hitachi HM514258A is a CMOS dynamic RAM organized 262144-word x
4-bit. HM514258A has realized higher density, higher performance and various func-
tions by employing 1.3 um CMOS technology and some new CMOS circuit design
technologies. The HM514258A offers Static Column Mode as a high speed access
mode.

HM514258AP Series

2
Multiplexed address input permits the HM514258A to be packaged in standard T\
20-pin plastic DIP, 20-pin plastic SOJ and 20:-pin plastic ZIP.
B FEATURES 3DDPZONA
(DP-20NA)
¢ Single 5V (£10%) -
« High Speed HMS514258AJP Series
AccessTime ............covvennn 60 ns/70 ns/80 ns/100 ns/120 ns (max)
* Low Power
Standby ... e 11 mW (max)
Active ................. 495 mW/440 mW/413 mW/358 mW/303 mW (max)
¢ Static Column Mode Capability
e 512 RefreshCycles ...t (8 ms) 3DCP20D
e 2 Variations of Refresh (CP-20D)
RAS Only Refresh "
TS Before RAS Refresh HM514258AZP Series
Bl ORDERING INFORMATION
Part No. Access Time Package
HM514258AP-6 60 ns
HM514258AP-7 70 ns 300 mil 20-pin
HMS514258AP-8 80 ns Plastic DIP
HMS514258AP-10 100 ns (DP-20NA)
HMS514258AP-12 120 ns 02720
HM514258ATP-6 60 ns (P-20)
HMS514258AJP-7 70 ns 300 mil 20-pin
HMS514258ATP-8 80 ns Plastic SOJ B PIN DESCRIPTION
HM514258AJP-10 100 ns (CP-20D) - -
HM514258ATP-12 120 ns Pin Name Function
HMS514258AZP-6 60 ns Ao-Ag Address Input
HM514258AZP-7 70 ns 400 mil 20-pin Ag-Ag Refresh Address Input
HM514258AZP-8 80 ns Plastic ZIP
HM514258AZP-10 100 ns (ZP-20) 1/09-1/04 Data Input/Data Output
HMS514258AZP-12 120 ns RAS Row Address Strobe
CS Chip Select
W PIN OUT — wiEaad
- - - WE Write Enable
HMS514258AP Series HMS514258AJP Series HMS514258AZP Series —
OE Output Enable
Hitach: Pin No. 1 OE
JEDEC Pin No. G2 Vee Power Supply (+ 5V)
3 1/03
' 1/04 4 . v Vss Ground
vor 1 - h2o ves 1/01 6 *
oz 22 25|19 1/04 VE s 7 1/02
Q 0 e
ki - .
NC s{}|s 22{{}16 OE NC 10 11 A0
Al 12
13 A2
A3 14
a0 6|0 18115 A8 . 15 Vee
A1 7([10 17|14 a7 A4l 7 as
A2 gfj|n 16([J13 A6 A6 18
A3 9()f12 15|12 AS 19 A7
VeclﬁllA{ A8 20
o0114-2 . o143
(Top View) (Bottom View)
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HM514258A Series

B BLOCK DIAGRAM

RAS

l RS Control l W—I l WECantmI] I UEControl I
Circuit C|rcu4t Circutt Circuit
V

1/01 I/OZ I/03 1/04

1/0 Butfer 1/0 Butfer
};
< 3
.
. ol & lo sle NERN 5
< NERN S E )= 2
§ 256k |9 S lal 256k SISl asee (=) 5|3 ek |3
Z| Memory 'g 5 'g Memory [EI1Z| Memory |4 5 18] Memory |~
g| Ce Z| 5 13| cen glel cen S g I £
<| Array ~1 & Y] Array :: Array ol © |a| Array ©
o 8 3 ala E|l c |E 2
@ El £ |E cle <| E |< 9
& < § < 3|3 ol 2 |o @
’ HERH HER
& & @
Word Driver
Row Decoder

Word Driver Word Driver Word Driver
Row Decoder ] [ Row Decoder Row Decoder

Row Address Buffer Column Address Buffer

A0—A8

0114-4
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B ABSOLUTE MAXIMUM RATINGS

HM514258A Series

Parameter Symbol Value Unit
Voltage on Any Pin Relative to Vgg Vt —10to +7.0 A
Supply Voltage Relative to Vgg Vee —10to +7.0 \4
Short Circuit Output Current Tout 50 mA
Power Dissipation Pt 1.0 w
Operating Temperature Topr O0to +70 °C
Storage Temperature Tstg —55t0 +125 °C
B ELECTRICAL CHARACTERISTICS
* Recommended DC Operating Conditions (Tp = 0 to +70°C)
Parameter Symbol Min Typ Max Unit Note
Vss 0 0 0 v
Supply Voltage
Vce 45 5.0 5.5 A 1
Input High Voltage Vi 24 — 6.5 v 1
Input Low 1/0 Pin VIL - 1.0 — 0.8 \% 1
Voltage Others ViL -20 — 0.8 v 1
Note: 1. All voltage referenced to Vgg.
* DC Electrical Characteristics (Tp = 0 to +70°C, Vgc = 5V £10%, Vgg = 0V)
HMS514258A | HM514258A | HM514258A | HM514258A | HMS514258A
Parameter Symbol -6 -1 -8 -10 -12 Unit|  Test Conditions  |Note
Min | Max | Min | Max | Min | Max [ Min | Max | Min | Max
. RAS, CS Cycling
Operating Current  {Iccy — 90 — 80 — 75 — 65 — 55 |mA {Re = Min 1,2
TTL Interface
— 2 — 2 — 2 — 2 | — 2 |mA[RAS,CS = Vi,
Doyt = High-Z
Standby Current Icce —
CMOS Interface, RAS,
— 1 — 1 — 1 — 1 — 1 |mA|CS 2 Vece — 0.2V,
Doyt = High-Z
RAS Only _oax
Refiesh Current Iccs — 90 — 80 — 75 — 65 — 55 |[mA{trc = Min 2
RAS = Vig,
Standby Current Iccs — 5 — 5 — 5 — 5 — 5 |mA|CS = Vq, 1
Doyt = Enable
CS Before RAS o
Refiesh Current Icce —_ 80 — 70 — 65 — 55 — 45 |mA|trc = Min
Static Column g
Mode Catrent Icco | — | 80 | — 70| — |6 | — | 55| — | 45 |[mAjtgc=Min 1,3
Input Leakage
Cli)rtent g Ipr —10| 10 —-10( 10 —10] 10 { —10| 10 | —10| 10 |pA|OV <V, <7V
Output Leakage _ _ _ _ _ OV < Voue <7V,
Current Iro 10 10 10| 10 10| 10 10| 10 10 10 [pA Doy = Disable
Output High Voltage|Voy 24 | Voo | 24 Vce 24 | Vcc| 24 | Voo 24 Vee | V |Highly = —5mA
Output Low Voltage |Vor, 0 0.4 0 0.4 0 0.4 0 04 0 04 [ V |LowIyy = 42mA
Notes: 1. Icc depends on output load condition when the device is selected. Icc max is specified at the output open condition.
2. Address can be changed less than three times while RAS = Vp.
3. Address can be changed once or less while CS = Vig.
@G HITACHI
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HM514258A Series
® Capacitance (Tp = 25°C, Vgg = 5V £10%)

Parameter Symbol Typ Max Unit Note
Input Capacitance (Address) Cn — 5 pF 1
Input Capacitance (Clocks) Cn — 7 pF 1
Input/Output Capacitance (Data Input, Data Output) Cro — 10 pF 1,2

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CS = Vjy to disable Dgy;.

® AC Characteristics (TA = 0 to +70°C, Vgg = 5V £10%, Vgg = 0V)17, 18
Test Conditions

Input Rise and Fall Times: 5ns
Input timing reference levels: 0.8V, 2.4V
Output load: 2 TTL Gate + Cp_ (100 pF)

(Including scope and jig)

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters)

HM514258A HM514258A | HM514258A | HMS14258A | HMS514258A
Parameter Symbol -6 -7 -8 -10 -12 Unit | Note
Min Max Min Max Min | Max | Min | Max | Min Max
Random Read or Write Cycle Time | tRc 120 — 130 — 160 — 190 — 220 — ns
RAS Precharge Time trRp 50 — 50 — 70 — 80 — 90 — | ns
RAS Pulse Width tRAS 60 10000 70 10000 80 |10000| 100 |10000( 120 | 10000 | ns
CS Pulse Width tsp 20 10000 20 10000 25 [10000| 30 |10000) 30 10000 | ns
Row Address Setup Time tASR 0 — 0 — 0 — 0 — 0 — ns
Row Address Hold Time tRAH 10 — 10 — 12 — 15 — 15 — ns
Column Address Setup Time tASW 0 — 0 — 0 — 0 — 0 — ns
Column Address Hold Time tAHW 15 — 15 — 20 — 25 — 25 — ns
RAS to CS Delay Time tRCD 20 40 20 50 22 55 25 70 25 9 |ns| 8
RAS Hold Time tRSL 20 — 20 — 25 — 30 — 30 — ns
CS Hold Time tCSH 60 — 70 — 80 — 100 — 120 — ns
CS to RAS Precharge Time tSRS 10 — 10 — 10 — 10 — 10 — | ms
OE to D;y, Delay Time topp | 20 — 20 — 20 — 25 — 30 — | ns
OE Delay Time from D, tDzo 0 — — — 0 — 0 — | ns
CS Delay Time from Dy, tpzc 0 — 0 — 0 — 0 — 0 — | ns
Transition Time (Rise and Fall) tr 3 50 3 50 3 50 3 50 3 50 ns | 1,7
Refresh Period tREF — 8 — 8 — 8 — 8 — 8 ms
Read Cycle
HM514258A HM514258A | HM514258A | HM514258A | HMS14258A
Parameter Symbol -6 -7 -8 -10 -12 Unit| Note
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
Access Time from RAS tRAC — 60 — 70 — 80 — 100 | — 120 | ns | 2,3
Access Time from CS tacs — 20 — 20 — 25 — 30 — 30 | ns| 3,4
Access Time from Address tAA — 30 — 35 — 40 — 50 — 55 ns |3,5,14
Access Time from OE toac | — 20 — 20 — 25 — 25 — 30 | ns
Read Command Setup Time trRCS 0 — 0 — 0 — 0 — 0 — ns
Read Command Hold Time to CS  |trcH 0 — 0 — 0 — 0 — 0 — | ns
Read Command Hold Time to RAS |tRryg 10 — 10 — 10 — 10 — 10 — ns
@ HITACHI
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Read Cycle (continued)

HM514258A Series

HMS514258A | HMS514258A | HMS514258A | HM514258A | HMS514258A
Parameter Symbol -6 -7 -8 -10 -12 Unit| Note
Min Max | Min Max | Min | Max | Min | Max | Min Max
RAS to Column Address Hold Time  |tagR 15 — 15 — 15 — 15 — 15 — ns | 16
RAS to Column Address Delay Time [trap 15 30 15 35 17 40 20 50 20 65 ns | 9
Column Address to RAS Lead Time ~ |trar 30 — 35 — 40 — 50 — 55 — ns
Column Address Hold Time from RAS|tAg 60 — 70 — 80 — 100 — 120 — ns
Output Buffer Turn-off Time tOFF — 20 — 20 — 20 — 25 — 30 ns | 6
Output Buffer Turn-off to OE toFr2 | — 20 — 20 — 20 | — 25 — 30 |ns| 6
Output Hold Time from Address tAOH 5 e 5 — 5 — 5 — 5 — ns
CS to Dy, Delay Time tcop | 20 — 20 — 20 — 25 — 30 — | ns
CS Hold Time from OE tocu | 20 — 20 — 25 — 25 — 30 — | ns
OE Hold Time from RAS trog | 60 — 70 — 80 — | 100 | — | 120 — | ns
OE Hold Time from CS tcoH 20 — 20 — 25 — 25 — 30 — | ns
OE Pulse Width togp 20 — 20 — 25 — 25 — 30 — | ns
Write Cycle
HM514258A | HMS514258A | HMS514258A | HMS514258A | HMS514258A
Parameter Symbol -6 -7 -8 -10 -12 Unit{ Note
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
Write Command Setup Time twcs 0 — 0 — 0 — 0 — 0 — ns | 10
Write Command Hold Time twCH 15 — 15 — 20 — 25 — 25 — ns
Write Command Hold Time to RAS  |twcr | 55 — 65 — 75 — 95 — | 1us — | ns
Write Command Pulse Width twp 10 — 10 — 15 — 15 — 20 — | ns
Write Command to RAS Lead Time  |tpwL 20 — 20 — 25 — 25 — 30 — | ns
Write Command to CS Lead Time tcwL 20 — 20 — 25 — 25 — 30 — ns
Djp, Setup Time tps 0 — 0 — 0 — 0 — 0 — | ns| 11
Dj,, Hold Time tDH 15 — 15 — 20 — 25 — 25 — | ns| 11
Dj,, Hold Time to RAS tpar | 55 — 65 — 75 — 95 — | 115 — | ns
Column Address Hold Time from RAS |tA wr 55 — 65 — 75 — 95 — 115 — ns
Read-Modify-Write Cycle
HM514258A HMS514258A | HMS514258A | HMS514258A | HMS514258A
Parameter Symbol -6 -7 -8 -10 -12 Unit | Note
Min Max Min Max Min | Max | Min | Max | Min Max
Read-Modify-Write Cycle Time ~ |tgwe | 170 | — 180 — 220 | — | 255 | — | 295 — | ns
RAS to WE Delay Time tRWD 85 — 93 — 110 — 135 — 160 — ns | 10
CS to WE Delay Time tcwp | 45 — 45 — 55 — 65 — 70 — | ns| 10
Column Address to WE Delay Time | tAwp 55 — 60 — 70 — 85 — 95 — ns | 10
Refresh Cycle
HMS514258A HMS514258A HMS514258A | HMS514258A HM514258A
Parameter Symbol -6 -7 -8 -10 -12 Unit | Note
Min Max Min Max Min | Max | Min | Max | Min Max
%S;Sflgrz%s Refresh Cycle) | 'CSR 10 - 10 - . - 10 - . I
%}ézlfgl%s“ Refresh Cycle) [(CHR | 15| — | 15 | — | 20/ —} 20} — | 25 | — |mns
RAS Precharge to CS Hold Time | tzry 10 — 10 — 10 — 10 — 10 — | ns
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HM514258A Series

Static Column Mode Cycle

HM514258A | HMS514258A | HM514258A | HMS514258A | HMS514258A
Parameter Symbol -6 -7 -8 -10 -12 Unit|Note

Min | Max | Min | Max [ Min | Max | Min | Max | Min [ Max
Static Column Mode Cycle Time tsc 35 — 40 — 45 — 55 — 60 — | ns
Static Column Mode RAS Pulse Width |tpasc| — [100000] — |100000f — |100000] — {100000{ — |100000| ns
RAS to Second WE Delay Time trswp| 70 — 80 —_ 90 — | mo | — | 135 — |ns
Static Column Mode CS Precharge Time |tsy 10 — 10 — 10 — 10 — 15 — | ns
Static Column Mode WE Precharge Time|twy 10 — 10 — 10 — 10 — 15 — | ns

Static Column Mode Read-Modify-Write Cycle and Mixed Cycle

HM514258A HM514258A | HMS514258A | HM514258A | HMS514258A
Parameter Symbol -6 -7 -8 -10 -12 Unit|Note

Min | Max | Min | Max | Min | Max | Min | Max | Min | Max

Static Column Mode Cycle Time

on Read-Modify-Write tSRwW 90 — 100 — 120 — 140 - 160 — | ns| 12
Access Time from First WE tALW - 65 — 75 — 85 — 100 — 115 | ns |3,13
Last WE to Column Address Delay Time |t wap| 20 35 20 40 25 45 25 50 30 60 | ns| 15
Last WE to Column Address Hold Time [tagrw| 65 — 75 — 85 — 100 — 115 — | ns
Notes: 1. AC measurements assume t = 5 ns.
2. Assumes that tgep < trep (max) and tRap < trap (max). If trep or trap is greater than the maximum recommended
value shown in this table, tr o exceeds the value shown.
3. Measured with a load circuit equivalent to 2 TTL load and 100 pF.
4. Assumes that tpcp 2 trep (max) and trap < tRap (max).
5. Assumes that trcp < trep (max) and tRap 2 tRaD (max).
6. torF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output
voltage levels.
7. Transition times are measured between Vygy and Vy.
8. Operation with the trcp (max) limit insures that tgac (max) can be met, trcp (max) is specified as a reference point only,
if trep is greater than the specified trcp (max) limit, then access time is controlled exclusively by tacs.
9. Operation with the tRap (max) limit insures that tgac (nax) can be met, trap (max) is specified as a reference point only,
if tRAD is greater than the specified tRap (max) limit, then access time is controlled exclusively by taa.
10. twcs, tRwDs tcwp and tawp are not restrictive operating parameters. They are included in the data sheet as electrical
characteristics only: if twcs = 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 trwp = trwp (min), tcwp 2 tcwp (min) and tawp 2 tawp (min) the
cycle is a read-modify-write and the data output 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.
11. These parameters are referenced to CS leading edge in early write cycles and to WE leading edge in delayed write or read-
modify-write cycles.
12. tsrw (min) = tawp (min) + tpwap (max) + tr
13. Assumes that tpwap < tpwap (max). If tpwap is greater than the maximum recommended value shown in this table,
taLw exceeds the value shown.
14. Assumes that tpwap 2 tpwap (max).
15. Operation with the t; wap (max) limit insures that topw (max) can be met, tywap (max) is specified as a reference point

16.
17.

64

only, if t; waD is greater than the specified t; waop (max) limit, then access time is controlled exclusively by taa.

tAHR is defined as the time at which the column address hold is set.

An initial pause of 100 us is required after power-up followed by eight or more initialization cycles (any combination of
cycles containing RAS clock such as RAS only refresh). If internal refresh counter is used, eight or more CS before RAS
refresh cycles are required.

. In delayed write or read-modify-write cycles, OE must disable output buffers prior to applying data to the device.
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HM514258A Series

B TIMING WAVEFORMS
* Read Cycle

tre
RAS X tras 7 tee \
A
tr
- tesw tsas
taco tast

o
2]
Vel
-
N
b3
b
NS

tase

tan! tann

taan
pd

Address Row E@]‘ Column m

tacs tacu l"‘“ tanw

E tacs
WE /“““f_/f ]t
t"g t
coo
'3124’- fead toFe
Dout T 3
trou
tean
tocu torr2
o I 7
74 '090
tozo
— toer
OF -———“[””””WA

¥//) : Don't care
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* Early Write Cycle
tac
RAS \ tras tar \
y 4
ty
tesu tsns
taco tase
cs t v \
tasr k} = Z
tawr
tran tasw| | tauw
—
Address @g Row ColumPKZ“ 5“““““4
twer
WE i 33337 3>Itwcs twen Y /
" tour
I_ tos ton
Din /ﬁi““ig Vahid Input x77777777777777/
High-Z°?
Dout lgh
OE : Don't care
twes Ztwes (min)
: Don't care
0114-6
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HM514258A Series

* Delayed Write Cycle

tac |
RAS _t':tk taas i ¢
tesu 1L tans
taco tase
cs tsp
N | =
taan tasw lmum
Address Q Row Column &f:f ff£22£22
tawn
twer
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LRI AN,
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Din / b 4 I‘:"p"':
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P fee] toop oo torr
Wi
Dout ] el (i},

\Dutput/ \ Qutput ¥

¥.//) : Don't care
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¢ Read-Modify-Write Cycle
tawc
RAS )
¢ Sk tre \
T
tsas
® O\
s 7 T
WE e AN
Din
! torr
Th Invalid
Dout n e 5. ‘;‘;t‘w
torrz
toac

— toer [
Ot 4

: Don't care.

0114-8
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HM514258A Series

* RAS Only Refresh Cycle

tra tee K
c..,l-— -—|tm

Address m& R°W‘;

Dout

OE, WE : Don't care

! Don't care

Refresh address: AO-A8 (AX0-AX8)

0114-9
 CS Before RAS Refresh Cycle
tac tac
RAS tra ¢
tae |\
CS - tesr o o
s LTI LT
Dout High-2
WE, OE : Don't care
: Don't care
0114-10
o Static Column Mode Read Cycle
. E— taase ] 1. Y
taco tase tans)
[ { o
= VI =il
‘F’: Lt"'-‘." tsc ‘_i taar g
Address m Row] Column1 ; Column2 Column3
) tar tron RRH
tack
" ]y
tan tan
tanc | taow) toer tore

g Vaiid Vald Valid
oot D 7/ D o WEED
toac
toac torr2 tore2
OE
/ (/) : Don't care.
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HM514258A Series

o Static Column Mode Write Cycle (1)

68
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—_— s
RAS \ taasc ‘) tes K
/
taco tsas
cs !
tase| | tran t t | tewe
Aswi | tauw !—-—. -
Column Y Column Column’W//////////
A
ddress ROW 1 2 §@< 3 9
taws t t
t:c. tagw [T 8RN m'u. Aw
WE twes twen
\t twe tw \ twe tn \ twe
taswo
tsc
tos| [tow tos| | ton tos| |tow
Valid Valid
High-Z*2
Dout
1. @ . Don't care
2. twes 2 twes(min)
3. OE : Don't care
0114-12
® Static Column Mode Write Cycle (2)
RAS * trasc / tar \
K
Tcsn tsc
[ trst tsas
cs Yt t
tawn
tA‘.A t“r tasw L tauw tasw| | tanw (m tanw
{Col
waess 7770 row W ), e
le twce twesl ) twest |
taswo ' ' '
fou t t t t
tos tou 03 o ps oM
r_u BLLE B H
) Valid ; Valid Valid ////////
Din m input ! A Input 2 -4 } Input 3 4 // /
]
High-Z*2
Dout €
1. 077 : Don't care.
2. twes 2 twes(min)
3. OE : Don't care.
0114-13
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HM514258A Series

¢ Static Column Mode Read-Modify-Write Cycle

RAS ————_‘K taasc

[+
taan & b
tasn taao tsnw -l tanw -l

]

p
Address Row @ Column1 Column2 Column3
tawo tanew tanw tawe

tamw

tnc;_ tiwao tawo

tres tres}

WE 7::&5::?# L“_—‘Ae: ’L'ﬁfﬂ 'w_éf t toe N twp : /1
oIc hsamd t o0 -ltnu

e

Din m>_

taw) topo

'010

Ovtput
t
tozo tore ree ‘oxo"i e i tnw"l e '-"-1—“'-"’
* L/ -

: Don't care.

0114-14
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HM514258A Series

Supply Current (Active) vs

Supply Voltage

13
¥
5 11 //
£
] /
E 09 e
o] L~
2 0.8
3

07

4.50 4.75 5.00 5.25 5.50

Supply Voltage Vcc (V)

Supply Current (Active) vs

Frequency
100
)
3 50
®
E
(<]
Z
g 1o
E 05
9]
el
£
=2
2 o
01 05 10 5.0 100

Frequency f(MHz)

Supply Current (Standby) vs

Supply Voltage

1.6 ] ‘l
= TTL interface
T e //
®
§ 12 A
£
g 1.0
K

0.8 -
K
2 06
3

l)'44.50 4.75 500 525 5.50

Supply Voltage Vcc (V)

Supply Current Icc1 (Normalized)

Supply Current Iccz (Normalized)

Supply Current Icc2 (Normalized)

Supply Current (Active) vs
Ambient Temperature

09

038

.7
0 0 20 40 60 80

Ambient Temperature Ta (°C)

Supply Current (Standby) vs

Supply Voltage

13 T T

CMOS interface
12 A
11 A4
1.0
09 L
038 /
%Ty50  ars 500 5.25 550

Supply Voltage Vcc (V)

Supply Current (Standby) vs
Ambient Temperature

L

1.0
\
09 N~
\
08
e 20 40 60 80

Ambient Temperature Ta (°C)

0114-15
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HM514258A Series

RAS Access Time vs

Supply Voltage
~ 13 -
€ 12 <
£ E
=}
& 11 z
< 2]
R :
@ o
& B 2
w 09 =~
4
g ¥
< 08 <
v 2
<
07 :
450 4715 5.00 5.25 5.50
Supply Voltage Vcc (V)
CS Access Time vs
Supply Voltage
13
) )
)
é 12 .'é’
N
2 " z
1 N g
S w0 S
Qo Q
L :
g g
Q Q
:: 0.8 <o
] 2}
g ., 4
4.50 475 5.00 5.25 5.50
Supply Voltage Vcc (V)
Address Access Time vs
Supply Voltage
= 13 £y
3 3
S ]
£ g
3 (3
< " <
S \ S
L 0 Q
E g
e L\ &
g oo §
] Q
<
@ 08 ;
& 4
° ©
o <
< Vm ams 500 525 550 <3
Supply Voltage Vcc (V)
@ HITACHI

RAS Access Time vs
Ambient Temperature

08

.7
00

20 40 60 80
Ambient Temperature Ta (°C)

CS Access Time vs
Ambient Temperature

L~

//

7

09
0.8
075 20 m 50 80
Ambient Temperature Ta (°C)
Address Access Time vs
Ambient Temperature
13
12 / /
11 /,
1.0 / 7
09
0.8
07 0 20 40 60 80
Ambient Temperature Ta (°C)
0114-16

Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 71



HM514266 Series

262,144-Word x 4-Bit Dynamic Random Access Memory

B DESCRIPTION

The Hitachi HM514266A is a CMOS dynamic RAM organized 262,144-word x
4-bit. HM514266A has realized higher density, higher performance and various func-
tions by employing 1.3 pm CMOS process technology and some new CMOS circuit
design technologies. The HM514266A offers Fast Page Mode as a high speed ac-
cess mode.

Multiplexed address input permits the HM514266A to be packaged in standard
20-pin plastic DIP, 20-pin plastic SOJ and 20-pin plastic ZIP.

B FEATURES

* Single 5V (£10%)
¢ High Speed
AccessTime ...........covvunnnn, 60 ns/70 ns/80 ns/100 ns/120 ns (max)
® Low Power Dissipation
Active Mode ........... 495 mW/440 mW/363 mW/303 mW/259 mW (max)
Standby Mode. ..ottt e 11 mW (max)
¢ Fast Page Mode Capability
© 512 Refresh CyCles ...ttt (8 ms)
e 2 Variations of Refresh
RAS Only Refresh
CAS Before RAS Refresh
e Write per Bit Capability

H ORDERING INFORMATION

Part No. Access Time Package
HM514266AP-6 60 ns
HM514266AP-7 70 ns 300 mil 20-pin
HM514266AP-8 80 ns Plastic DIP
HM514266AP-10 100 ns (DP-20NA)
HM514266AP-12 120 ns
HM514266AJP-6 60 ns
HMS514266AJP-7 70 ns 300 mil 20-pin
HMS514266AJP-8 80 ns Plastic SOJ
HMS514266AJP-10 100 ns (CP-20D)
HM514266ATP-12 120 ns
HMS514266AZP-6 60 ns
HMS514266AZP-7 70 ns 400 mil 20-pin
HM514266AZP-8 80 ns Plastic ZIP
HMS514266AZP-10 100 ns (ZP-20)
HMS514266AZP-12 120 ns

@ HITACHI

HMS514266AP Series

3DDP20NA

(DP-20NA)

HM514266AJP Series

3DCP20D

(CP-20D)

HM514266AZP Series

3DZP20

(ZP-20)

H PIN DESCRIPTION

Pin Name Function
Ap-Ag Address Input

Ap-Ag Refresh Address Input
W1/I01- | Write Select/

W1/104 Data-in/Data-out
RAS Row Address Strobe
CAS Column Address Strobe
WB/WE | Write Per Bit/Write Enable
OE Output Enable

Vee Power Supply (+ 5.0V)
Vss Ground
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HM514266 Series

H PIN OUT
HM514266AP Series HM514266AJP Series HM514266AZP Series
Hitachi Pin No.
JEDECPinNo._l 1 OF
W1/101 vor 10117 26[[20 vss CAS 2 3 103
W2102 19 [JW4nos w2 2(]|2 25{M119 104 04 4 5 v
WB/WE 18 [ Wa103 WE aff|]s  24[[118 woa w1 6 ; ws,:
RAS RAS 4[]]4 23([]17 TAS WE 8 o FAS
NC NC s[5 22{[116 OF NC 10
Ao A1 12 1140
A4 Ao 6[]|9 18/[]115 A8 A3 14 134
A2 Ay 70[10 171 A7 As 16 15Vee
As Az 8f][11 186|013 Ae As 18 17As
Vec (] 10 Az oflf12 15|02 As A8 20 19A7
o1t Vec10[]J13  14][]11 A4
0118-3
0118-2
(Top View) (Top View) (Bottom View)
H BLOCK DIAGRAM
RAS CAS WE 3
Y Y Y Y
Fsc«ma' CAS Control| | WE Contol| | OF Conral
Circuit Circuit Circuit Circuit
] ] Y
W1/101 W2/102 W3/i03 W4/104
VO Buffer VO Buffer
I 1L
~ <> ﬂ N7
al |2 HIRE
(1] 5 (0] [1] 5 S
= ol 2 =~ 2 ~
é’ 256k ;5% 256k B[S 25&%5; 256k |8
Z| Memory [ % || Memory [Z[Z| Memory |5 © (5] Memory |2
;.’ Cell g 3 g Cell ;; Cell g -% g Cell ‘é
g| Amy [& 8IE| Amay E|E| Amy [af 81T Amy |E
1ol A N3 M
3 glec|g 213 8 <8 2
S <| E|< HE <| €|< $
(/7] ol n|n ol il w
21 8|e 21 8|e
Q 3 D 3
(2] 2] (/2] 7]
\| Word Driver > [ Word Driver Word Driver | < 1= | Word Driver
[Row Decoder] [Row Decoder] Row Decoder] [Row Decoder
]
Row Address Buffer I [00Iumn Address Buﬂerl
-~ P
Ao-As
0118-4
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HM514266 Series

B ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Unit
Voltage on Any Pin Relative to Vgg vt —10to +7.0 A
Supply Voltage Relative to Vgg Vee —1.0to +7.0 A
Short Circuit Output Current Tout 50 mA
Power Dissipation Pt 1.0 w
Operating Temperature Topr Oto +70 °C
Storage Temperature Tstg —55t0 + 125 °C
B ELECTRICAL CHARACTERISTICS
* Recommended DC Operating Conditions (Tpo = 0 to +70°C)
Parameter Symbol Min Typ Max Unit Note
Vss 0 0 v
Supply Voltage
Vee 4.5 5.0 55 v 1
Input High Voltage Vi 24 — 6.5 A 1
Input Low (I/0 Pin) ViL -1.0 — 0.8 v 1
Voltage (Others) ViL -20 — 0.8 \ 1
Note: 1. All voltage referenced to Vgs.
o DC Electrical Characteristics (To = 0 to +70°C, Vg = 5V £10%, Vgg = 0V)
514266A-6 | 514266A-7 | 514266A-8 | 514266A-10 | 514266A-12 . .
Parameter Symbol — . - - Unit Test Conditions Note
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
Operating Current|Iccy — 90 — 80 — 66 — 55 — 47 | mA [trc = Min 1,2
TTL Interface
— 2 — 2 — 2 — 2 — 2 |mA [RAS,CAS = Viy
Standby Current |I Dont = FghZ
n urren
Y cc CMOS Interface
— 1 — 1 — 1 — 1 — 1 |mA|RAS,CAS 2 Voe — 0.2V,
Dout = High-Z
RAS Only o
Refresh Current Iccs — 90 — 80 — 66 — 55 — 47 | mA [trc = Min 2
RAS = Viy,
Standby Current |Iccs — 5 — 5 — 5 — 5 — 5 |mA|CAS = Vy 1
Doyt = Enable
CAS Before RAS e
Refresh Current Icce — 80 — 70 — 66 — 55 — 47 |mA [trc = Min
Fast Page = M
Mode Current Iccr — 80 — 70 — 55 — 55 — 47 [mA [tpc = Min L3
Input Leak:
é‘lf’r‘r‘mt 2 Iy | —10] 10 | —10| 10 [ —10] 10 | =10 10 | —10| 10 |pA|OV sV sTV
Output Leakage _ _ _ _ _ 0V =Vo =7V
Current Iro 10| 10 10| 10 10| 10 10| 10 10 10 [pA Doyt = Disable
OutputHigh |y | 24 | Vec | 24 | Voo | 24 | Vee| 24 | Voe | 24 | Voo | V |HighToe = —5SmA
Voltage
Output Low _
Voltage VoL 0 | 04| 0 | 04| 0 |04] 0 | 04| 0 | 04|V |LowIyy =42mA
Notes: 1. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition.

2. Address can be changed less than three times while RAS = V.

3. Address can be changed once or less while CAS = V.

74
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e Capacitance (Tp = 25°C, Vgg = 5V £10%)

HM514266 Series

Parameter Symbol Typ Max Unit Note
Input Capacitance (Address) Cn — 5 pF 1
Input Capacitance (Clocks) Cn - 7 pF 1
Output Capacitance (Data-in, Data-out) Cro — 10 pF 1,2
Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS = Viy to disable Dyy;.
e AC Characteristics (Tp = 0 to +70°C, Vgg = 5V £10%, Vgg = 0V)1, 14
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters)
514266A-6 514266A-7 514266A-8 514266A-10 514266A-12
Parameter Symbol - - Unit | Note
Min | Max | Min | Max | Min | Max | Min [ Max | Min | Max
Random Read or Write Cycle Time | trc 120 — 130 — 160 — 190 — 220 — ns
RAS Precharge Time trRp 50 — 50 — 70 — 80 — 90 — | ns
RAS Pulse Width tRAS 60 | 10000| 70 | 10000 | 80 | 10000 | 100 | 10000 { 120 | 10000 | ns
CAS Pulse Width tCAS 20 | 10000 20 | 10000 | 25 | 10000 | 25 | 10000 | 30 | 10000 [ ns
Row Address Setup Time tASR 0 — 0 — 0 — 0 — 0 — ns
Row Address Hold Time tRAH 10 — 10 — 12 — 15 — 15 — ns
Column Address Setup Time tasC 0 — 0 — 0 — 0 — 0 — ns
Column Address Hold Time tCAH 15 — 15 — 20 — 20 — 25 — ns
RAS to CAS Delay Time tRCD 20 40 20 50 22 55 25 75 25 9 | ns| 8
RAS to Column Address Delay Time | trAD 15 30 15 35 17 40 20 55 20 65 ns 9
RAS Hold Time tRSH 20 — 20 — 25 — 25 — 30 — | ns
CAS Hold Time tesH 60 — 70 — 80 — 100 | — | 120 ] — | ns
CAS to RAS Precharge Time tcrRP 10 - 10 — 10 — 10 — 10 — | ns
OE to Dy, Delay Time topp | 20 - 20 — 20 — 25 — 30 — | ms
OE Delay Time from Dj, tpzo 0 — 0 — 0 — 0 — 0 — | ns
CAS Delay Time from Dy, tpze 0 — 0 — 0 — 0 — 0 — | ms
Transition Time (Rise and Fall) tT 50 3 50 3 50 3 50 3 50 ns 7
Refresh Period tREF — 8 — 8 — 8 — 8 — 8 ms
Read Cycle
514266A-6 514266A-7 514266A-8 514266A-10 514266A-12 .
Parameter Symbol - - - - - Unit | Note
Min | Max | Min | Max | Min | Max | Min | Max | Min [ Max
Access Time from RAS tRAC — 60 — 70 — 80 — 100 — 120 | ns | 2,3
Access Time from CAS tcac | — 20 — 20 — 25 — 25 — 30 | ns | 3,4
Access Time from Address tAA — 30 — 35 — 40 — 45 — 55 ns | 3,5
Access Time from OE toAC — 20 — 20 — 25 — 25 — 30 | ns
Read Command Setup Time trRCS — 0 — — 0 — 0 — ns
Read Command Hold Time to CAS | trcy — 0 — — 0 — 0 — | ns
Read Command Hold Time to RAS | tRry 10 — 10 — 10 — 10 — 10 — ns
Column Address to RAS Lead Time | tRa1, 20 — 35 — 40 — 45 — 55 — | ns
Output Buffer Turn-off Time tOFF1 — 20 — 20 — 20 — 25 — 30 ns 6
Output Buffer Turn-off to OE toFF2 | — 20 — 20 — 20 — 25 — 30 | ns | 6
CAS to Dy, Delay Time tcpD 20 — 20 — 20 — 25 — 30 — | ns
@ HITACHI
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HM514266 Series

Write Cycle
Parameter Symbol 5.14266A-6 5.14266A-7 5}4266A-8 51'4266A-10 51.4266A-12 Unit | Note
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
Write Command Setup Time twes 0 — 0 — 0 — 0 — 0 — ns | 10
Write Command Hold Time twCH 15 — 15 — 20 — 20 — 25 — ns
Write Command Pulse Width twp 10 — 10 — 15 — 15 - 20 — ns
Write Command to RAS Lead Time | tpwr 20 — 20 — 25 — 25 — 30 — ns
Write Command to CAS Lead Time | towr 20 — 20 — 25 - 25 — 30 — ns
Data-in Setup Time tps 0 — 0 — 0 — 0 - 0 - ns | 11
Data-in Hold Time tDH 15 — 15 — 20 — 20 — 25 — ns | 11
Read-Modify-Write Cycle
514266A-6 514266A-7 514266A-8 514266A-10 514266A-12
Parameter Symbol - - - - - Unit | Note
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
Read-Write Cycle Time tRWC 170 — 180 — 220 — 255 — 295 — ns
RAS to WE Delay Time trwp | 85 — 95 — 1o | — 135 —_ 160 [ — | ns | 10
CAS to WE Delay Time tcwp | 45 — 45 — 55 — 60 — 70 — | ns | 10
Column Address to WE Delay Time | tawp 55 — 60 — 70 - 80 — 95 — ns | 10
OE Hold Time from WE tOEH 20 — 20 — 25 — 25 —_ 30 — | ns
Refresh Cycle
Parameter Symbol 5 '14266A-6 5.14266A-7 5 .14266A-8 5 1.4266A- 10 5 1.4266A- 12 Unit | Note
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
:?%SSZ%&:% Refresh Cycle) | 'CSR 10 - 10 - 10 - 10 - 10 I
%\Sg}l[}zlf((i);l%%—s Refresh Cycle) tcHR 15 - 15 - 20 - 2 - % - ns
RAS Precharge to CAS Hold Time | trpc 10 — 10 — 10 — 10 — 10 — ns
Fast Page Mode Cycle
514266A-6 514266A-7 514266A-8 514266A-10 514266A-12
Parameter Symbol - - - - - Unit | Note
Min | Max { Min [ Max | Min | Max [ Min | Max | Min | Max
Fast Page Mode Cycle Time tpc 45 — 50 — 55 — 55 — 65 — ns
Fast Page Mode CAS Precharge Time | tcp 10 — 10 — 10 — 10 — 15 — ns
Fast Page Mode RAS Pulse Width trasc | — |100000f — |100000| — 100000 — |100000| — |100000| ns | 12
Access Time from CAS Precharge tACP — 40 — 45 — 50 — 50 — 60 ns | 13
RAS Hold Time from CAS Precharge | trycp | 40 — 45 — 50 — 50 — 60 — | ns
Codlo T e et them | 95 | — | 100 — |mo| — | us | — | 15| — |ns
Write Per Bit(15; 16)
514266A-6 514266A-7 514266A-8 514266A-10 514266A-12 .
Parameter Symbol - - - - Unit | Note
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
Write per Bit Setup Time twBs 0 — 0 — 0 — 0 — 0 - ns
Write per Bit Hold Time tWBH 10 — 10 — 12 — 15 — 15 - ns
Write per Bit Selection Setup time | twpgs 0 — 0 — 0 — 0 — 0 — ns
Write per Bit Selection Hold Time | twpy 10 — 10 — 12 — 15 — 15 - ns
@ HITACHI
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Notes:

NV bW

HM514266 Series

. AC measurements assume t = 5 ns.
. Assumes that tgcp < trep (max) and trap < traD (max). If trep or trRap is greater than the maximum recommended

value shown in this table, tr o exceeds the value shown.

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

. Assumes that trcp 2 trep (max) and tRap < tRaD (max).

. Assumes that tpcp < trcp (max) and tRap 2 tRap (max).

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

levels.

7. Vig (min) and Vyp (max) are reference levels for measuring timing of input signals. Also, transition times are measured

11.

12.

. Access time is determined by the longer of tpo A or tcac or tacp-
14.

15.
16.

between Viy and Vyp.

. Operation with the trcp (max) limit insures that tgac (max) can be met, trcp (max) is specified as a reference point only,

if trcp is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac.

. Operation with the trop (max) limit insures that tgsc (max) can be met, tRap (max) is specified as a reference point only,

if tRap is greater than the specified tRap (max) limit, then access time is controlled exclusively by taA.

. twcs, tRwD, tcwp and tawp 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 trwp 2 trwp (min), tcwp 2 tcwp (min), and tawp 2 tawp (min), the
cycle is a read-write and the data output will contain data read from the selected cell; if neither of the above sets of condi-
tions is satisfied, the condition of the data out (at access time) is indeterminate.

These parameters are referenced to CAS leading edge in early write cycles and to WB/WE leading edge in delayed write or
read-modify-write cycles.

trasc defines RAS pulse width in fast page mode cycles.

An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles (any combination
of cycles containing RAS clock such as RAS only refresh). If the internal refresh counter is used, a minimum of eight CAS
before RAS refresh cycles are required.

When using the write-per-bit capability, WB/WE must be low as RAS falls.

The data bits to which the write operation is applied can be specified by keeping Wi/IOi high with setup and hold time
referenced to the RAS negative transition.
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HM514266 Series

B TIMING WAVEFORMS

* Read Cycle

trc

'FTK'S' N [ thas ¥ i
N M e I\
tr | |° . tRSH >
- trco o tcas tcrp
- tesh >
oS N 1 AN
trRAD Sl tRAL o
tasr| L
tRAH tasc
— Pt
Address Row coumn D777 X
tRCS tcAH < tRcH_
WB, WE 7/////////////! Atnnnjw
,:iAC = - tgm
w1/101 (Dot He L oo ———————
trac o ~<1—> loFF2
- tozc - toag = tCDD=
Wi on 22222222778 tHi'z t &
DZO oo |

OE

Ly

W /A,

. m :Don't care

118-5
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HM514266 Series
® Early Write Cycle

- tre -
RAS 2 8 > .
N tar I\
tT‘ t
tcsH - tcrp
trcp otetRSH |
—_— _ _teas _
CAS tASR 3\ \
N~ A
tasc
| tRAH <—
Address Row Column
twes_ tcaH
twaes | | twsH

e WE @F % - ;,///////// 7

toH

Valid Input

/A

W1/101 [Din

W4/104 pout Hi-Z

* OE :Dont care

*v////) :Dontcare

0118-6
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HM514266 Series

® Delayed Write Cycle

3 tRC >
- tras
RAS Y 1
N w RP \__—
tcsH
trRcD >l tRSH |
tr E tcas ! ] tcRp
CAS b
N A \
tasc
tasn | [tran -— tcan tewe

~ Thwt _
Address Row Column
twas | | twsH

tpH

w1/01  Din

S t
W4/104 i
Dout |

& ke W

*1 Invalid output

*¥////] :Dontcare

0118-7
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HM514266 Series
* Read-Modify-Write Cycle

< tawe -
RAS T |
\.\ q tRp , \
Tl e " tcmp
I tRcD -
CAS
\\ ] ,[’ \
trAD
U}SR ~ >
g tRaH . tasc
|
tcad tewe
tres tewd tawe
> | »-
tawp -
twe
— — N
B, e N W0
tR ol letoH_ o
teac  og
trac -
<0y
. L Hi-Z A N
W1/101 ¢ Din ‘s Valid Input '/
W4/104  pout Hi-Z L
toAC<»
_torF2
tDzo | toon Lo toeH

GE ////////////</—/‘;x A )

¢ V///A : Don't care

0118~8
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HM514266 Series

* RAS Only Refresh Cycle

|

-¢ ‘RC -
— - tras -
RAS ﬁ\‘ i N
N
_ trp
<RPC

tCRPre>
"4

cAs

tasr

trRAH

Nz,

waess T e K 7,

CAS Ik

Hi-Z
Dout
1 'O—E',W-E : Don't care
2 m : Don't care
0118-9
e CAS Before RAS Refresh Cycle
- tRe -
< tRas
N 14 N
RAS trp -
trpc tcsh _tcHr tRpc_
s - - - -

Address, Din,
Dout:

WE : Don't care
High-Z

0118-10
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HM514266 Series

* Fast Page Mode Read Cycle

trasc
RAS —_ Y
N A ke, \
tcsH g o tRHCP |
tr ||, tec - tRSH
| tRep _tep tcp tcrp
— 7 teas tcas 71| teas
> 4
CAS \l\ Y \‘ V( N l;
tRAH tRAL
P Ilmo tcAH tcan tcaH
bsa | [ Ttasco tusc| hsg
4
Address @( Row Col. Col. Col. ///// A
Res | | tRcs
tres tReH treH
> -~ ->—1<- le——>| tRCH
N 4 7
WB, WE 4227 f
Jize ot e toze ke tRAH
tozc. teop, | . tcop, tcoo
. % 7z
W1/I01¢Di
Din / _JF tooo i \
AA
tcac teac) loac
tAA - taa |
o | tace - ace_} | ‘'oop
- trac o toFF 1 = tpz0
» | torri™ torF
Hi-Z = | HiZ Yo HiZ SEER
W4/104\ pout \Q\@&y Noupd; %\ Output ,}
toac |l .toop toFr2
t > t
_ tozo toFF2 029 L toFF2 2AC
OE ' —
N /
toac,|
. m : Don't care
of18-11
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HM514266 Series

* Fast Page Mode Early Write Cycle

84

t
‘\4 RASC o —
RAS K \
t tRSH trp
> tcrP |
— tcas
CAS
tasr tcan
3
Address Row
twes || tweh  twes tweh > :Lwcu
WB, WE ,m/
tpH
twos
W1/101(Din DN vaiid nput XK./ )/ /)
w4104 Dout Hi-Z
*+ OF :Don't care
U/ vontcare
i
@ HITACHI
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HM514266 Series

* Fast Page Mode Read-Modify-Write Cycle

- tRASC
RAS —\L
A
- trcm .
_ ~ tcp
CAS ¥ A N
- tRaD | PR A N Y
1] tran toaH | tace .
tasr tasc tasc» .
CAH
N
Address 7/ %Rox coum X e, Y s
—3 tWB<H— tawo > 1awo >
tWESl 1 taa_ t_C_W»L‘ tcwp : towe
T t tre - D
tRes| | I tﬁxg > il twp
~ ™1 [ twp
we/we X K/ N ™
T tRAC tos, tcac ToH
t > >
0S|l tozc||tcac toh ozl © los,,
> twoH
, K Z Valid 5, Y, Vali ————
W1/i01 ¢ Dout 4 X input 4 N ot
tozo
toac| togn T[T toac | torre toEH
W4/104| . Hi-Z i‘vm‘u‘ HIZ A Vaid ), Hi-Z
Din K Output, NOutput £
1020 | | torr2 tozo.
BE 4 Y
N
L/ 7
| [toop | [toop
l/
* ,////4 :Don't care
0118-13
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HM511000A Series
HM511000AL Series

1048576-Word x 1-Bit CMOS Dynamic RAM

B DESCRIPTION

The Hitachi HM511000A/AL series is a CMOS dynamic RAM organized
1048576-word x 1-bit. HM511000A/AL has realized higher density, higher perform-
ance and various functions by employing 1.3 um CMOS process technology and
some new CMOS circuit design technologies.

The HM511000A/AL offers Fast Page Mode as a high speed access mode.

Multiplexed address input permits the HM511000A/AL to be packaged in stan-
dard 18-pin plastic DIP, 20-pin plastic ZIP and 20-pin plastic SOJ.

B FEATURES

¢ High Speed
AccessTime ..................... 60 ns/70 ns/80 ns/100 ns/120 ns (max)
* Low Power Dissipation
Active Mode ........... 495 mW/440 mW/385 mW/330 mW/275 mW (max)
Standby Mode . .. ...t e 11 mW (max)

* Single 5V Supply (+10%)
¢ Fast Page Mode Capability
® 512 Refresh Cycles ... ...o.iiniiiiii it (8 ms)
e 2 Variations of Refresh
RAS Only Refresh
CAS Before RAS Refresh

M PIN OUT

¥

HM511000A/ALP Series

3DDP18C

(DP-18C)

HM511000A/ALJP Series

3DCP20D

(CP-20D)

HMS511000A/ALP Series HMS511000A/ALJP Series HMS511000A/ALZP
Hitachi Pin No. Series
JEDEC Pin No.

Din [1] 18] Vss Vss 5 2 149
WEE Dout Dout e 4 3 Dout
Ras [3] 16] CAS CAs WE o 5 Din
TF+ 4] B NC NC 8 TRAS

Ao[3] 14]a8 A NC 10 o TEY
A1[§] [13]A7 Al 12 11 A0
13 A2
A2[7] [12] A6 A8 A3 14 5 v
A3[3] [11]A5 A7 A4 16 1 as
Vee [9] 10] A4 A6 A6 18
. a8 20 19 A7
0115-1
A4 0115-3
0115-2 .
(Top View) (Top View) (Bottom View)
@ HITACHI

HMS511000A/ALZP Series

3DZP20

(ZP-20)

B PIN DESCRIPTION

Pin Name Function
Ag-Ag Address Input

Ap-Ag Refresh Address Input
Din Data-in

Dout Data-out

RAS Row Address Strobe
CAS Column Address Strobe
WE Read/Write Input
TF! Test Function

Vee Power (+ 5V)

Vss Ground

Note: 1. TF pin can be connected with
any line or unconnected pro-
vided the voltage level of TF

pin

must be kept lower than

Vee + 0.5V.
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B ORDERING INFORMATION

HM511000A Series

Part No. Access Time Package Part No. Access Time Package
HMS511000AP-6 60 ns HMS511000ALP-6 60 ns
HMS511000AP-7 70 ns 300 mil 18-pin HMS511000ALP-7 70 ns 300 mil 18-pin
HMS511000AP-8 80 ns Plastic DIP HM511000ALP-8 80 ns Plastic DIP
HMS511000AP-10 100 ns (DP-18C) HMS511000ALP-10 100 ns (DP-18C)
HMS511000AP-12 120 ns HMS511000ALP-12 120 ns
HM511000AJP-6 60 ns HMS511000ALIP-6 60 ns
HM511000AJP-7 70 ns 300 mil 20-pin HM511000ALIP-7 70 ns 300 mil 20-pin
HMS511000AJP-8 80 ns Plastic SOJ HMS511000ALJP-8 80 ns Plastic SOJ
HMS511000ATP-10 100 ns (CP-20D) HMS511000ALJP-10 100 ns (CP-20D)
HMS511000AJP-12 120 ns HM511000ALIP-12 120 ns
HM511000AZP-6 60 ns HMS511000ALZP-6 60 ns
HMS511000AZP-7 70 ns 400 mil 20-pin HM511000ALZP-7 70 ns 400 mil 20-pin
HMS511000AZP-8 80 ns Plastic ZIP HM511000ALZP-8 80 ns Plastic ZIP
HM511000AZP-10 100 ns (ZP-20) HMS511000ALZP-10 100 ns (ZP-20)
HM511000AZP-12 120 ns HMS511000ALZP-12 120 ns
B BLOCK DIAGRAM
RAS CAS WE
4 i i
RAS Control CAS Control WE Control
Circuit Circut Circuit
1/0 Din
Buffer | pout
i 1
= SN 2|2 NERS ?
S ek [ 5 |9| asec [S[S] zsex %] S |af zsex g
Z| Memory g & g Memory 5 5 Memory 4] o Q Memory [E
o| Cell 2| 8 [E]| cen g1&] cen Z| 8 |1Z| cell g
€ & I <|< <l 8 I <
: Array Gl ‘2 al Array sl Array al & 4] Array P
§E Hh gE
§ 3/ 8 |2 L
& & ] &
] Word Driver 4 Word Driver Word Driver Word Driver
Row Decoder Row Decoder Row Decoder Row Decoder
Row Address Buffer ] | Column Address BufferJ
] A0—A9
0115-4
@ HITACHI
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HM511000A Series

B ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Unit
Voltage on Any Pin Relative to Vgg vt —10to +7.0 A
Supply Voltage Relative to Vgg Vee —10to +7.0 \4
Short Circuit Output Current Tout 50 mA
Power Dissipation Pt 1.0 w
Operating Temperature Topr Oto +70 °C
Storage Temperature Tstg —55t0 + 125 °C

B ELECTRICAL CHARACTERISTICS
* Recommended DC Operating Conditions (T4 = 0 to +70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 5.5 A
Input High Voltage Vig 24 — 6.5 \4
Input Low Voltage ViL -20 — 0.8 v

Note: All voltages referenced to Vgg.
® DC Electrical Characteristics (Voc = 5V £10%, Vgg = 0V, Tp = 0 to +70°C)

HMS511000A | HMS511000A HMS511000 HMS511000 HM511000
Parameter | Symbol /AL-6 /AL-7 /A-8 /A-10 /A-12 Unit| Test Conditions | Note
Min | Max | Min | Max | Min | Max | Min | Max [ Min | Max
Operating RAS, CAS Cycling,
P lect | — [ %0 | — |80 | — p 0 — |60 | — | 50 mal" Ve 1,2
TTL Interface
- 2 — 2 — 2 — 2 — 2 | mA |RAS,CAS = Vi,
DOl.lt = ngh-Z
Standby I CMOS Interface
Current b a2 2 | ma|RASCAS
2 Voo — 02V
Doyt = High-Z
CMOS Interface
— 300 — 300 — 300 — 300 — 300 | pA L-Version
RAS Only Refresh,
Refresh Current | Icc3 — 90 — 80 — 60 — 50 — 45 | mA tre = Min 2
Battery Back Up trc = 125 ps,
Current Only |Iccs — 300 — 300 — 300 — 300 — 300 | pA |CAS Before RAS 4
for L-Version) . Cycling
RAS = VIH:
f;u“““‘:g{ s | — | s | = s | =] s | =] 5| =] 5 |ma|CAs=vp, 1
Doyt = Enable
Refresh CAS Before RAS
p Iccs | — | 80 | — | 0| — | 60 | — | 50 | — | 40 |mA|Refresh
urrent =
trc = Min
RAS = Vpg,
Fast Page =G .
Mode Corrent |1cC7 | — | 80 | — | 70 | — | 50 | — | 50 | — | 40 |mA|CASCycling, 1,3
tpc = Min
G HITACHI
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® DC Electrical Characteristics (Voo = 5V £10%, Vgg = 0V, Tp = 0 to +70°C) (continued)

HM511000A Series

HMS511000A HM511000A HM511000 HM511000 HM511000
Parameter | Symbol /AL-6 /AL-1 /A-8 /A-10 /A-12 Unit| Test Conditions | Note
Min | Max | Min | Max | Min | Max [ Min | Max | Min | Max
Input
LeI:lkage Ipg - 10 10 —-10 10 —-10 10 -10 10 -10 10 | pA |Vj, =0to +7V
Output _ _ _ _ _ Vout = 0to +7V,
Leakage Iro 10 10 10 10 10 10 10 10 10 10 | pA out = Disable
Output Von 24 Vce 2.4 Vee 24 Vce 24 Vee 24 Ve | V Iyt = —5mA
Levels VoL 0 0.4 0 0.4 0 0.4 0 0.4 0 04 | V [Igy = 42mA
Notes: 1. Icc depends on output loading condition when the device is selected. Icc max is specified at the output open condition.
2. Address can be changed less than three times while RAS = Vpy.
3. Address can be changed once while CAS = Viy.
4. tras = tras (min) to 1 ps

Input voltage: All pins: Viy 2 Voo — 0.2V or Vyp, < 0.2V.

e Capacitance (Vcc = 5V +10%, Tp = 25°C)

Parameter Symbol Typ Max Unit Note
i Address, Data Input Cn — 5 pF 1
Input Capacitance
Clocks CIZ — 7 pF 1
Output Capacitance Data Output Co — 7 pF 1,2
Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. TAS = Vpy to disable Doy

® AC Characteristics (To = 0 to +70°C, Vgg = 0V, Vgg = 5V +10%)
Test Conditions

Input rise and fall times: 5 ns

Input timing reference levels: 0.8V, 2.4V (Including scope and jig)

Output load: 2 TTL Gate + C; (100 pF)
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters)

HMS511000A HMS511000A HMS511000A HMS511000A HMS511000A
Parameter Symbol /AL-6 /ALT /AL-8 /AL-10 /AL-12 Unit | Note
Min Max Min Max Min Max Min Max Min Max
léyal‘]‘?}?ni“d or Write e | 120 | — [ 1o | — [ w0 | — [ 10| — | 20| — |ns
RAS Precharge Time trp 50 — 50 — 70 — 80 — 90 — | ns
RAS Pulse Width tRAS 60 10000 70 10000 80 10000 100 10000 120 10000 | ns
CAS Pulse Width tCAS 20 10000 20 10000 25 10000 25 10000 30 10000 | ns
Row Address Setup Time tASR 0 — 0 — 0 — 0 — 0 — ns
Row Address Hold Time tRAH 10 — 10 — 12 — 15 — 15 — ns
Column Address Setup Time | tasc 0 — 0 — 0 — 0 — 0 — ns
Column Address Hold Time tCAH 15 — 15 — 20 — 20 — 25 — ns
RAS to CAS Delay Time tRCD 20 40 20 50 22 55 25 75 25 9 | ns | 8
gg:y“}g;’i“m“ Adress trap | 15 | 30 | 15 | 35 | 17 | a0 | 20 | 5 | 20 | 6 |ms| 9
RAS Hold Time tRSH 20 — 20 — 25 — 25 — 30 — | ns
CAS Hold Time tcsH 60 — 70 — 80 — 100 — 120 — | ns
CAS to RAS Precharge Time | tcrp 10 — 10 — 10 — 10 — 10 — | ns
Transition Time (Rise and Fall) | tT 3 50 3 50 3 50 3 50 3 50 ns 7
Refresh Period tREF — 8 — 8 — 8 — 8 — 8 ms
:gr?i?fl':: ‘Ie,r-lsgrsion) {REF - o4 - o4 - 64 - o4 - 64 ms
@ HITACHI
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HM511000A Series

Read Cycle
HM511000A HM511000A HM511000A HM511000A HMS511000A
Parameter Symbol /AL-6 /AL-7 /AL-8 /AL-10 /AL-12 Unit | Note
Min Max Min Max Min Max Min | Max Min Max
Access Time from RAS tRAC — 60 — 70 — 80 — 100 — 120 ns | 2,3
Access Time from CAS tcaC — 20 - 20 — 25 — 25 — 30 ns | 3,4
Access Time from Address | taa — 30 — 35 — 40 — 45 — 55 ns | 3,5
Read Command Setup Time | trcs 0 — 0 — 0 — 0 — 0 — ns
Read Command Hold
Time to CAS tRCH 0 — 0 — 0 — 0 — 0 — ns
Read Command Hold
Time to RAS tRRH 10 — 10 — 10 — 10 — 10 — ns | 10
Column Address to
RAS Lead Time tRAL 30 — 35 — 40 — 45 — 55 — ns
Output Buffer Turn-off Time | topr — 20 — 20 — 20 — 25 — 30 ns 6
Write Cycle
HM511000A HM511000A HM511000A HMS511000A HMS511000A
Parameter Symbol /AL-6 /AL-7 /AL-8 /AL-10 /AL-12 Unit | Note
Min Max Min Max Min Max Min Max Min Max
Write Command Setup Time | twcs 0 — 0 — 0 — 0 — 0 — ns | 10
Write Command Hold Time | twch 15 — 15 — 20 — 20 — 25 — ns
Write Command Pulse Width | twp 10 — 10 — 15 — 15 — 20 — ns
Write Command to
RAS Lead Time tRWL 20 — 20 — 25 — 25 — 30 — ns
Write Command to
TAS Lead Time tewL 20 — 20 — 25 — 25 — 30 — ns
Data-in Setup Time tps 0 — 0 — 0 — 0 — 0 — ns 11
Data-in Hold Time tpH 15 — 15 — 20 — 20 — 25 — ns 11
Read-Modify-Write Cycle
HM511000A HM511000A HM511000A HM511000A HM511000A
Parameter Symbol /AL-6 /AL-7 /AL-8 /AL-10 /AL-12 Unit | Note
Min Max Min Max Min Max Min Max Min Max
Read-Write Cycle Time | trwc 145 — 155 — 190 — 220 — 255 — ns
RAS to WE Delay Time | tRwp 60 — 70 — 80 — 100 — 120 — ns | 10
CAS to WE Delay Time | tcwp 20 — 20 — 25 — 25 — 30 — ns | 10
Column Address to
WE Delay Time tAWD 30 — 35 — 40 — 45 — 55 — ns 10
Refresh Cycle
HM511000A HMS511000A HM511000A HM511000A HMS511000A
Parameter Symbol /AL-6 /AL-7 /AL-8 /AL-10 /AL-12 Unit | Note
Min Max Min Max Min Max Min Max Min Max
CAS Setup Time
(CAS Before RAS Refresh) | ‘SR | 10 | — | 10— | 10—} 10 { — | 10 | — |mns
CAS Hold Time
(CAS Before RAS Refreshy | 'CHR | 15 | — [ 15 | — 1 20 1 — | 20} — | 25 | — | =
RAS Precharge to CAS
Hold Time tRPC 10 — 10 — 10 — 0 — 0 — ns
@ HITACHI
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HM511000A Series
Fast Page Mode Cycle

HMS511000A HM511000A HMS511000A HM511000A HM511000A
Parameter Symbol /AL-6 /AL-7 /AL-8 /AL-10 /AL-12 Unit | Note

Min Max Min Max Min Max Min Max Min Max

Fast Page Mode Cycle Time | tpc 45 — 50 — 55 — 55 — 65 — ns

CAS Precharge Time tcp 10 — 10 — 10 — 10 — 15 — ns

Fast Page Mode RAS

Pulse Width trasc | — [100000| — [100000| — |100000 — |100000| — [100000( ns | 13

Access Time from

TAS Precharge tACP — 40 — 45 — 50 — 50 — 60 ns 14

RAS Hold Time

from CAS Precharge tRHCP | 40 - 45 - 30 - 30 - 0 - ns

Fast Page Mode Read-Modify-Write Cycle

HM511000A | HMS511000A | HMS511000A | HMSI11000A | HMS511000A
Parameter Symbol /AL-6 /AL-T /AL-8 /AL-10 /AL-12 Unit | Note

Min Max Min Max Min Max Min Max Min Max

Fast Page Mode Read-
Modify-Write Cycle Time

Notes: 1. AC measurements assume tt = 5 ns.

2. Assumes that trcp < trcp (max) and trap < trap (max). If trep or tRaD is greater than the maximum recommended
value shown in this table, trac exceeds the value shown.

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

. Assumes that trcp 2 trep (max), tRap < tRap (mMax).

. Assumes that tgep < trep (max), and tRap 2 trap (max).

. torr (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output

voltage levels.

. Transition times are measured between Vg and Vyy.

8. Operation with the tgcp (max) limit insures that tg oc (max) can be met, trcp (max) is specified as a reference point only,
if trep is greater than the specified trcp (max) limit, then access time is controlled exclusively by tcac.

9. Operation with the tgoAp (max) limit insures that tg o (max) can be met, trap (max) is specified as a reference point only,
if trap is greater than the specified tg Ap (max) limit, then access time is controlled exclusively by taa.

10. twcs, tRwD, tcwp and tawp 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 trwp = trwp (min), tcwp 2 tcwp (min) and tawp 2 tawp (min), the
cycle is a read/write and the data output will contain data read from the selected cell; if neither of the above sets of condi-
tions is satisfied, the condition of the data out (at access time) is indeterminate.

11. 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.

12. An initial pause of 100 ps is required after power-up followed by eight or more initialization cycles (any combination of
cycles containing RAS clock such as RAS only refresh). If internal refresh counter is used, eight or more CAS before RAS
refresh cycles are required.

13. trasc is determined by RAS pulse width in fast page mode cycle.

14. Access time is determined by the longer of tpa, tcac Or tACP-

tpem | 70 — 75 — 85 — 85 - 100 | — | ns

[ S

~

G HITACHI
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HM511000A Series
W TIMING WAVEFORMS

RAS —-—,\ taas - / X

B o= — e

CAS i \ / \_—
staas 7N o | o XL

i ]

w 777771 Jr,_,,_E/ZZZZ[Zz
Dout J\t Ouigu_ P————
RAS Y — tuas /1 ta AN

- :__ty__.,w - /P__

fasa|  Jonan fae —————-I‘“"

e I ) WX Y,
" L. Y,

o LU

v X1 LTI

High

Dout

Notes) *1.7.77: Don't care
*2. twes=twes(min)

0115-6

@ HITACHI
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¢ Delayed Write Cycle

HM511000A Series

RAS T
N

Y

CAS

tasa| (Lran

A
ddress Row

]

s Jderp

d

Column

I

rcs
— I
WE /::::::jﬂl
t

05

e ZAANIIIIIIIIY,

SIS D U

- : Don't care.

¢ Read-Modify-Write Cycle

RAS ——
N

= N

hN

LT

CAS \
tasn trap
oﬂ e

rm "—2--‘ tean

— “—‘1
_r_ tawp

Address Row Column /
trcs

o [//11]

Dout

trac

i

i, =
i

Vahd
Output

r—

EZA: Don't care
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HM511000A Series

* RAS Only Refresh Cycle

tac

\i{z‘ :

N

- ~
w77 N LLLLLL L
S, SN I

: Don't care

0115-9

* CAS Before RAS Refresh Cycle

CAS

1 tre
N
tras trp \ tras
tRPC
tesm
teur
/ N

\-

S

Dout

High-Z

: Don't care

0115-10

© Fast Page Mode Read Cycle

RAS

TR - - =N
o NP N N
— e Pl e ol tou] 1= ton
Jm AT,

94

e i
teac teac teac
tan tan Ax Lorr
alid ' Valid Valid
Dout Y\ Output 1 Output 2 Output N —
torr torr
tmc tace tacs
£22: Don't care
0116-11
@ HITACHI

Hitachi America, Ltd. ¢ Hitachi Plaza ® 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300




HM511000A Series

® Fast Page Mode Write Cycle

X tap
RAS R trasc \
tesw [ —tash |
taco ter tear
L S
cAs | N
tcas teas teas 1
| tasn | $man tase tean tasc tean tasc toan
Address m Row @ Column 1 @‘ Column 2 m‘ Column N
)

twen twes| |twen 1™l twen

" /////////////f/?i‘ W i,

N =, N XTI

Dout

Notes) *1.2273: Don't care
*2. twes & twes(min)

0115-12

* Fast Page Mode Read Modify Write Cycle

trasc
pam——— T ——
RAS tar
N S
l_tmeo | treu tow, tenr

tep ‘
CAS X !
Lash £ Ran tcan tasc tean tasc
l._. Tt lotoan _.|
Address % Row Column 1 / / % Column 2

trwp tres ‘l !
trap tewp
laRAD__

B tawo__| .q‘:m.r L:;"_. :'m ‘2‘1
/777471 S A T A

S/, =, 1@« X7/ //L/////////a

4 Valid Valid
Dout ) Output 1 Output 2

: Don't care

0115-13
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HM511000A Series

96

Supply Current /cci (Normalized)

Supply Current /cc1 (Normalized)

Supply Current Jccz (Normalized)

Supply Current (Active)

vs Supply Voltage
13
1.2 ~
/ ‘§
1.1 — zg
10 8
H
09 ~ §
/ =
g
0.8 2
07450 75 5.00 5.25 5.50
Supply Voltage Vec (V)
Supply Current (Active)
vs Frequency
10.0 3
5.0 H
z
3
il
5
8
10 g
o
05 g
3
2
g
0.1 @
"0 0.5 1.0 5.0 10.0
Frequency f (MHz)
Supply Current (Standby)
vs Supply Voltage
1.6 T
TTL interface
14 /] N
/ 3
12 Vi g
o
z
1.0 8
§
08 - g
— z
[
06 &
4% 4.75 5.00 5.25 5.50
Supply Voltage Vec (V)
@ HITACHI

Supply Current (Active)

vs Ambient Temperature
13
1.2
1.1
1.0
03
038
0 0 20 40 60 80
Ambrent Temperature Tz (°C)
Supply Current (Standby)
'3 vs Supply Voltage
CMOS interf:
12 interface / /
1.1 %
1.0
09
0.8 ,/
0‘74.50 4.75 5.00 5.25 5.50
Supply Voltage Vcc (V)
Supply Current (Standby)
vs Ambient Temperature
13
1.2

"~

1.0
\
0.9 \ \
0.8
075 20 40 60 80

Ambient Temperature 7z ('C)

0115-14
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HM511001A Series

1,048,576-Word x 1-Bit CMOS Dynamic RAM

B DESCRIPTION

The Hitachi HM511001A series is a CMOS dynamic RAM organized 1,048,576-
word x 1-bit. HM511001A has realized higher density, higher performance and vari-
ous functions by employing 1.3 um CMOS process technology and some new
CMOS circuit design technologies.

The HM511001A offers Nibble Mode as a high speed access mode.

Multiplexed address input permits the HM511001A to be packaged in standard,
18-pin plastic DIP, 20-pin plastic ZIP and 20-pin plastic SOJ.

B FEATURES
¢ High Speed
AccessTime ..............oonln. 60 ns/70 ns/80 ns/100 ns/120 ns (max)
* Low Power
Active.........ooooiiiiiiian, 495 mW/440 mW/385 mW/330 mW/275 mW
Standby . .. e 11 mwW

* Single 5V Supply (£10%)
¢ Nibble Mode Capability
e 512 Refresh Cycles . ... ... i (8 ms)
¢ 2 Variations of Refresh
RAS Only Refresh
CAS Before RAS Refresh

H PIN OUT

HM511001AP Series

¥

(DP-18C)

3DDP18C

HMS511001AJP Series

3DCP20D

(CP-20D)

HM511001AJP Series

HMS511001AP Series
Hitachi Pin No,

HMS511001AZP Series

3DZP20

Din
WE Dout
RAS CAS
TF*
NC
A0
Al
A2
A3
Vee
0116-1
0116-2
(Top View) (Top View)
HMS511001AZP Series
- 1 A9
CAS 2
3 Dout
Vss 4
5 Din
WE 6
7 RAS
NC 8
9 TF*!
NC 10
11 A0
Al 12
13 A2
A3 14
15 V,
A4 16 e
17 AS
A6 18
19 A7
A8 20
0116-3
(Bottom View)

(ZP-20)

H PIN DESCRIPTION

Pin Name Function
Ap-Ag Address Input
Ap-Ag Refresh Address Input
Ag Nibble Address Input
Din Data Input

Dout Data Output

RAS Row Address Strobe
CAS Row Address Input
WE Read/Write Input
TF*1 Test Function

Vce Power (+ 5V)

Vss Ground

Note: *1. TF pin can be connected with
any line or unconnected pro-
vided the voltage level of TF
pin must be kept lower than
Vee + 0.5V.
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B ORDERING INFORMATION

HM511001A Series

Part No. Access Time Package Part No. Access Time Package
HM511001AP-6 60 ns 300 mil HM511001AZP-6 60 ns 400 mil
HMS511001AP-7 70 ns 18-pin HM511001AZP-7 70 ns 20-pin
HMS511001AP-8 80 ns Plastic DIP HMS511001AZP-8 80 ns Pl DIP
HM511001AP-10 100 ns (DP-150) HM511001AZP-10 100 ns (ZP-20)
HM511001AP-12 120 ns ) HMS511001AZP-12 120 ns
HM511001AJP-6 60 ns 300 mil
HM511001AJP-7 70 ns % m
HMS511001AJP-8 80 s P

Plastic SOJ
HM511001AJP-10 100 ns (CP-20D)
HM511001AJP-12 120 ns )
Bl BLOCK DIAGRAM
TS TAS WE
RAS Control TAS Control WE Control
Cirut Circuit Circuit
1/0 f==—Din
Buffer | poyt
o -
2 NS A SIER 2
9| 26k |9 o || 26k |Z[E| 2sek |9) 3|8 256k H
Z| Memory ’Ug k] 8| Memory ZI1E| Memory 8| 5 [4| Memory (&
gl Cen | g |&| cen 2|8 cell HERHEL H
<| Array : e : Array : : Array : a : Array :
H £l E |E HH El < |E g
& < 3 (< 3|3 NERS &
? HIGRE] HIERE
3 |8 3 ° |3
Word Driver Word Driver Word Driver Word Driver
Row Decoder ] [ Row Decoder Row Decoder Row Decoder
Row Address Buffer
A0—A9
0116-4
B ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Rating Unit
Voltage on Any Pin Relative to Vgg Vr —10to +7.0 A
Supply Voltage Relative to Vsg Vee —10to +7.0 \4
Short Circuit Output Current Tout 50 mA
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature Tstg —55t0 +125 °C
@ HITACHI
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HM511001A Series

B ELECTRICAL CHARACTERISTICS
¢ Recommended DC Operating Conditions (T4 = 0 to +70°C)

Parameter Symbol Min Typ Max Unit
Supply Vee 4.5 5.0 5.5 v
Input High Voltage Vig 2.4 — 6.5 \4
Input Low Voltage Vio -20 — 0.8 \

Note: 1. All voltages referenced to Vggs.
¢ DC Characteristics (Vcc = 5V £10%, Vgg = 0V, Tp = 0 to +70°C)

HMS511001A

Parameter | Symbol -6 -7 -8 -10 -12 Unit Test Condition Note

Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
Operating _ _ RAS, CAS Cycling,
Current Icct 90 80 — 70 — 60 — 50 | mA tRc = Min 1,2

RASCAS = Viy TTL

i R el A Bl B Bl I el S Doy = HighZ  Interface
Standby I mA
Current CC2 RAS, CAS 2

CMOS
- ! - 1 - ! - ! - 1 Voe — 02V Interface
Doyt = High-Z

Refresh RAS Only Refresh,
Carrent | Joc3 | — [0 | — |80 | — [ 70| — |60 | — | 50| mA | T 2
Standby _ _ _ RAS = Vi, CAS = vy,
Current Iecs 3 3 - 3 - 5 S| mA Doyt = Enable !
Refresh CAS Before RAS
Current Icos - 80 - 0 - 60 - 0 - 40 | mA Refresh, trc = Min
Nibble RAS = V1,
Mode Iccs — 70 — 70 — 50 — 50 — 40 | mA | CAS Cycling, L3
Current tNe = Min
Input _ _ _ _ _ ViN = 0to +7V
Leakage Inp 10| 10 10 10 10] 10 10 10 10 10 BA
Output _ _ _ _ _ Vin = 0to +7V
Leakage Iro 101 10 10| 10 10| 10 101 10 10{ 10 | pA Doy = Disabled
Output Vou 24 | Vee| 24 [ Vee| 24 | Vec| 24 | Vee| 24 | Vee| V| Iyt = —5SmA
Levels Vo | 0 |04 | 0 |o4] 0 |04 0 |04| 0 | 04| V |Iyy=42mA

Notes: 1. Icc depends on output loading condition when the device is selected. Icc max 1s specified at the output open condition.
2. Address can be changed less than three times while RAS = Vyj.
3. Address can be changed once or less while CAS = Viy.

e Capacitance (Vgc = 5V +10%, Tp = 25°C)

Parameter Symbol Typ Max Unit Note
Input Capacitance Address, Data Input Cn — 5 pF 1
Clocks Cp — 7 pF 1

Output Capacitance Data Output Co — 7 pF 1,2

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method.
2. CAS = Vjy to disa