






















































































































































































































































































































































































































































































































































































































































































































































































































































































Fast Page Mode Late Write Cycle 

tRASP 

RAS 

Address 

WE 
V,H-
VIL-

OE 
V,H-
VIL-

1/0 

Remark In the fast page mode, read, write and read modify write cycles are available for each of the consecutive 

CAS cycles within the same RAS cycle. 

419 



420 

Fast Page Mode Read Modify Write Cycle 

1/0 VOH-
VOl-

1/0 
V,H-
VIl-

Remark In the fast page mode, read, write and read modify write cycles are available for each of the consecutive 

CAS cycles within the same RAS cycle. 



CAS Before RAS Refresh Cycle 

RAS V'H­
V1L-

tCSR tCHR 

IRC 

tRAS 

Remark Address, WE, OE: Don't care 1/0: Hi-Z 

RAS Only Refresh Cycle 

IRC 

tRAS 

teAP 

Address 

Remark WE, OE: Don't care 1/0: Hi-Z 

IRC 

IRC 

IRP tRAS 
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Hidden Refresh Cycle (Read) 

Address 

WE 

V,H­
Vll-

I/O VOH-
VOL-

Hi-Z 

IRe IRe 

tRAS tRAS 

leLZ 

Dalaoul 
Hi-Z 



Hidden Refresh Cycle (Write) 

RAS 

CAS 

Address 

WE 

I/O 

VIH­

VIL-

V,H-
VIL-

V,H-
VIL-

V,H-
VIL-

V,H-
VIL-

Remark OE : Don't care 

tRAS 

twcs 

tDS 

tRC tRC 

tAAS 

tWCH 

tDH 
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Timing Chart 5 

425 



426 



Read Cycle 

tRC 

tRAS tRP 

RAS 

tcSH 

telz 

I/O 
VOH- Hi-Z 

Data out 
VOL-

Hi-Z 

427 



428 

Early Write Cycle 

Address 

V,H­
VIl-

VIH­
VIl-

V,H­
V,l-

V,H­
V,l-

I/O V,H-
VIl-

tRC 

tRAS 

tCSH 



Fast Page Mode Read Cycle 

Address 

V,H­
VIl-

I/O VOH-
VOL-

tRASP 

tCSH 

tRP 

tRHCP 

tpe tRSH 

Data out 
Hi-Z ............. _. 

Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles 

within the same RAS cycle. 
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430 

Fast Page Mode Early Write Cycle 

Address 
V,H­
VIl-

I/O V,H-
VIl-

Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles 

within the same RAS cycle. 



CAS Before RAS Self Refresh Cycle 

RAS 

CAS 
VIH­

V,l-

tRASS 

Remark Address, WE : Don't care I/O : Hi-Z 

Cautions on Use of CAS Before RAS Self Refresh 

CAS before RAS self refresh can be used independently when used in combination with distributed CAS 

before RAS long refresh; However, when used in combination with burst CAS before RAS long refresh or 

with burst long RAS only refresh, the following cautions must be observed. 

(11 Normal Combined Use of CAS Before RAS Self Refresh and Burst CAS Before RAS Long Refresh 

When CAS before RAS self refresh and burst CAS before RAS long refresh are used in combination, please 

perform CAS before RAS refresh 1,024 times within a 16 ms interval just before and after setting CAS 

before RAS self refresh. 

(21 Normal Combined Use of CAS Before RAS Self Refresh and Burst Long RAS Only Refresh 

When CAS before RAS self refresh and burst RAS only refresh are used in combination, please perform 

RAS only refresh 1,024 times within a 16 ms interval just before and after setting CAS before RAS self 

refresh. 

For details, please refer to How to use DRAM User's Manual. 
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CAS Before RAS Refresh Cycle 

tRAS 

tCSA tCHR 

Remark Address, WE: Don't care 110: Hi-Z 

RAS Only Refresh Cycle 

Address 

V,H­
VIL-

teAP 

tRAS 

Remark WE: Don't care 110: Hi-Z 

tRP tRAS 



Hidden Refresh Cycle (Read) 

tRC tRC 

tAAS tRAS 

Address 

WE 
V,H­

VIL- L-.L....L....L....L....L..+.L...L..J 

Hi-Z 
I/O 

VOH- Hi-Z 
Data out VOL-
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Hidden Refresh Cycle (Write) 

RAS 

CAS 

Address 

WE 

I/O 

V,H-
VIl-

VJH-

VIl-

VIH-

VIL-

VIH-
VIl-

V,H­
VIL-

teRP 

tRC tRC 

tRAS tRAS 

twcs tWCH 



Timing Chart 6 
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Read Cycle 

tRC 

tRAS 

tCSH 

I/O 
VOH~ Hi~Z 

VOL~ 

tRP 

Hi~Z 
Data out 
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Early Write Cycle 

CAS 

Address 

WE 

I/O 

VIH­

V,L-

tRC 

tRAS 

tCSH 



Fast Page Mode Read Cycle 

Address 
VIH­

VIL-

VOH­
I/O 

VOL-

tRASP 

tCSH 

tRHCP 

tpe tRSH 

Data out 
Hi-Z ---------.---

Remark In the fast page mode, read and write cycles are available for each ofthe consecutive CAS cycles 

within the same RAS cycle. 
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Fast Page Mode Early Write Cycle 

Address 
V,H­
VIL-

I/O V,H-
VIL-

Remark In the fast page mode, read and write cycles are available for each ofthe consecutive CAS cycles 

within the same RAS cycle. 



CAS Before RAS Self Refresh Cycle 

RAS 

CAS 

WE 

V,H­
VIL-

VIH­

VIL-

V,H­
VIL-

tCSR 

Remark Address: Don't care I/O : Hi-Z 

tRASS 

~\\\\\\\\\\\\\\\\\\\\\\\ 

Cautions on Use of CAS Before RAS Self Refresh 

CAS before RAS self refresh can be used independently when used in combination with distributed CAS 

before RAS long refresh; However, when used in combination with burst CAS before RAS long refresh or 

with long RAS only refresh (both distributed and burst), the following cautions must be observed. 

(1) Normal Combined Use of CAS Before RAS Self Refresh and Burst CAS Before RAS Long Refresh 

When CAS before RAS self refresh and burst CAS before RAS long refresh are used in combination, please 

perform CAS before RAS refresh 2,048 times within a 32 ms interval just before and after setting CAS 

before RAS self refresh. 

(2) Normal Combined Use of CAS Before RAS Self Refresh and Long RAS Only Refresh 

When CAS before RAS self refresh and RAS only refresh are used in combination, please perform RAS 

only refresh 2,048 times within a 32 ms interval just before and after setting CAS before RAS self refresh. 

For details, please refer to How to use DRAM User's Manual. 
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442 

CAS Before RAS Refresh Cycle 

WE 

V,H­
V,L-

V,H­
V,L-

tAAS 

Remark Address: Don't care I/O: Hi-Z 

RAS Only Refresh Cycle 

Address 

V,H­
VIl-

V,H­
VIl-

V,H­
VIl-

tCRP 

tAAS 

Remark WE: Don't care I/O: Hi-Z 

. tAP tAAS 



Hidden Refresh Cycle (Read) 

tAC tAC 

tAAS tRAS 

RAS 

Address 

I/O 
VOH- Hi-Z 
VOL-

Hi-Z 
Data out 
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Hidden Refresh Cycle (Write) 

tRC tRC 

tRAS tAAS 

Address 
V,H-
VIL-

twcs tweH 

WE 
V,H-
VIL-

I/O 
VIH-

VIL - L...l'-"'-"....l<.-"--"-:JI->t.....lll-Jl '-____ JI "....l<.-"--"-:JI->t.....l"--"'-"....l<.-"--"--"-:JI->t.....l"--"'-"'-"....l<.-"--"-.l<....> 
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Timing Chart 7 
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Read Cycle 

RAS V,H­
VIL-

Address VIH­

VIL-

WE V,H­
VIL-

1/0 VOH­
VOL-

tRe 

tRAS tRP 

tesH 

Hi-Z .... - ..... -- .................. _ ...... " ......... _ ..... _ ............ _ ............ _ ...... _ .. --_ .. _ .. _---- Data out 
Hi-Z -- .. _-- .... --_. 
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Early Write Cycle 

RAS 

Address 

V,H­
VIL-

VIH­

V,l-

V,H­
Vll-

I/O V,H-
VIL-

IRe 

tRAS 

tCSH 



Hyper Page Mode (EDO) Read Cycle 

Address 

WE 

I/O 

VIH­

Vll-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VOH­

VOl-

tcSH 

tRAC 

IAA 

tCAC 

leLZ 

Hi-Z 
~ ................................................................ .. 

tRASP lAP 

tRHCP 

IAcp tACP 

ICAC 

Remark In the hyper page mode (EDO), read and write cycles are available for each olthe consecutive CAS cycles 

within the same RAS cycle. 
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Hyper Page Mode (EDO) Read Cycle (WE Control) 

Address 

WE 

I/O 

VfH­

V,l-

V,H­
VIL-

V,H-
VIL-

V,H-
VIL-

tCSH 

VOH- •••••••••••••••••• lji:? ••••.•••• 
VOL-

tRASP 

tRHCP 

Data out 

Remark In the hyper page mode (EDO), read and write cycles are available for each of the consecutive CAS cycles 

within the same RAS cycle. 



Hyper Page Mode (EDO) Early Write Cycle 

Address 

V1H­

VIl-

VIH­

VIl-

VIH­

VIl-

1/0 VIH-

VIl- L..l1L...l1L...lL..Jj~'-lI '-____ ...JI 

Remark In the hyper page mode (EDO). read and write cycles are available for each olthe consecutive CAS cycles 

within the same RAS cycle. 
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Hyper Page Mode (EDO) Read and Write Cycle 

VIH-

RAS VIl-

CAS 

Address 

WE 

1/0 

1/0 

lesH 

V,H-
VIl-

VIH-

VIl-

VOH- Hi-Z 
VOL- - - - -- - - - -- - -- - - - - - - - ---- - - - - -- --

VIH­

VIL-

tRASP 

tRHCP 

___________ !ti:~ _________ .. _ .. ' 

los toH 

Remark In the hyper page mode (EDO), read and write cycles are available for each olthe consecutive CAS cycles 

within the same RAS cycle. 



CAS Before RAS Refresh Cycle 

VIH­

VIL-

tcSR tCHA 

tRAS 

Remark Address, WE: Don't care 1/0: Hi-Z 

RAS Only Refresh Cycle 

RAS 

Address 

V,H­
VIL-

V!H­

VIL-

tcRP 

Remark WE: Don't care 1/0: Hi-Z 

tAC 

tRAS 

,~ 

tAC 

tAP tRAS 
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454 

Hidden Refresh Cycle (Read) 

RAS 

CAS 

Address 

WE 

V,H­
VIL-

VIH­

VIL-

IRe 

tRAS 

tRCD tRSH 

tRAC 

IAA 
teAe 

leLZ 

I/O 
VOH­
VOl-

. ___________________ f-:!i~~ __________________________ _ 

IRe 

tRAS 

tCHR 

Data out 



Hidden Refresh Cycle (Write) 

CAS 

Address 

WE 

1/0 

VIH­

VIl-

V,H-
VIL-

VIH-

V,L-

VIH-

V,L-

tRC tRC 

tRAS tRAS 

twcs tWCH 

I" 
I 
I 

I' 
I 
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Timing Chart 8 
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Read Cycle 

Address V,H-
VIL-

WE V,H­
V,L-

I/O VOH­
VOL-

tRC 

tRAS 

tCSH 

Hi-Z ............. _-----------_ .. __ .. _- ...... _---_ .. _-_ .... _ ............. _ .... _ .. _ .. __ .. _----

tRP 

Hi-Z ........ - .... - ........ Data out 
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Early Write Cycle 

tRC 

tRAS 

tCSH 
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462 

Hyper Page Mode (EDO) Read Cycle (WE Control) 

RAS 

Address 

WE 

I/O 

V,H­
VIL-

V,H-' 
VIL-

V,H-
VIL-

VOH­
VOL-

tesH 

Hi-Z .... -- .. - .. -- --_ .... -- .. - .... - .......... - .... --

tRASP 

tRHCP 

Remark In the hyper page mode (EDO). read and write cycles are available for each of the consecutive CAS cycles 

within the same RAS cycle. 



Hyper Page Mode (EDO) Early Write Cycle 

Address 
V,H­
VIL-

VIH­

WE V,L-

V,H- t""'l"''''r7I:-7I~ r------"\I 
I/O V,L-

Remark In the hyper page mode (EDO). read and write cycles are available for each of the consecutive CAS cycles 

within the same RAS cycle. 
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Hyper Page Mode (EDO) Read and Write Cycle 

Address 

WE 

1/0 

1/0 

V,H­
VIL-

VOH- Hi·Z 

tCSH 

VOL- •••••••••••••••••••••••••••••••• 

V,H­
VIl-

tAASP 

tRHCP 

Hi·Z . ...................................... . 

tOH 

Remark In the hyper page mode (EDO), read and write cycles are available for each of the consecutive CAS cycles 

within the same RAS cycle. 



CAS Before RAS Refresh Cycle 

tRAS 

tCSR tCHR 

Remark Address: Don't care 1/0: Hi-Z 

RAS Only Refresh Cycle 

tRAS tRP tRAS 

RAS 

teAP 

Address 

Remark WE: Don't care 1/0: Hi-Z 
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Hidden Refresh Cycle (Read) 

Address 

110 

V,H­
V,L-

V,H­
V,L-

VOH­
VOL-

IRC lAC 
tRAS lRAS 



Hidden Refresh Cycle (Write) 

RAS 

CAS 

Address 

110 

V,H-
VIl-

V,H-
VIl-

V,H­
V,L-

V,H-

tRC 

tRAS 

tCRP 

V,L- --''-''-''-''-' ............ ->->-+'' ___ +-_!-..... -L...I 

V,H­
V,L­

L...JL-"-l<...lO'-"-..K....:I ....... ..:.L...J/ 

tRC 

tRAS 
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Timing Chart 9 
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i. 
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Read Cycle 

RAS 

CAS 

Address 

WE 

I/O 

V,H-
VIl-

V,H-
V,L-

VIH-
V,L-

V,H­
V,L-

VOH­
VOL-

tRCO 

tRC 

tRAS tRP 

tCSH 

tRSH tCPN 

teAs 

tRAL 

i 

I.: 

I, 
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472 

Early Write Cycle 

Address 

V,H­
VIl-

V,H­
Vll-

VIH­

VIl-

V,H­
VIl-

I/O V,H-
VIL-

IRe 

tRAS 

leSH 



Fast Page Mode Read Cycle 

RAS 

CAS 

Address 

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

VIH­

VIL-

1/0 VOH-

VOL-

Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles within 

the same RAS cycle. 
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Fast Page Mode Early Write Cycle 

Address 

I/O V,H-
VIl-

Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles within 

the same RAS cycle. 



CAS Before RAS Refresh Cycle 

RAS Only Refresh Cycle 

Address 

VIH­

Vll-

VIH­

V,l-

VIH­

VIL-

tcRP 

Remark WE: Don't care 1/0: Hi-Z 

tRAS tRP tRAS 

475 



476 

Hidden Refresh Cycle (Read) 

Address 

WE 

V,H­
VIL-

VIH­

VIL-

V,H­

teRP 

V IL- L-L....L....L-L-'--'T-''-''-J 

tRC 

tRAS 

tACO tRSH 

tRAC 

tAA 
teAc 
telz 

1/0 VOH-. _________________________ ____ ~!:~ _____________________ _ 
VOL-

tRC 

tRAS 

tCHR tCPN 

Hi-Z 
Data out 



Hidden Refresh Cycle (Write) 

CAS 

Address 

WE 

110 

VIH­

VIL-

VIH-

Vll-

VIH-

VIL-

V,H-
VIL-

VIH-

VIL-

tRe tRe 

tRAS tRAS 

twes tWGH 
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Timing Chart 10 
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Read Cycle 

RAS 

CAS 

Address 

WE 

1/0 

V,H­
VIL-

V,H­

V,L- L-.L...L...L..L-L-f-~~'-''-{ 

VOH- Hi-Z 

VOL-

IRe 

tRAS IRP 

lesH 

Hi-Z 
Dalaoul 
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482 

Early Write Cycle 

RAS 

CAS 

Address 

I/O 

V,H­
VIl-

V,H­
V,L-

V,H­
V,L-

V,H­
V,L-

V,H­
V,L-

IRC 

lRAS 

ICSH 



Fast Page Mode Read Cycle 

RAS 

CAS 

Address 

WE 

1/0 

V,H­
VIL-

V,H­
VIL-

V,H­
V,L-

V,H­
VIL-

VOH­
VOL-

tesH 

tRASP 

tRHCP 

tpe tRSH 

Hi-Z ..................... Data out 

Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles within 

the same RAS cycle. 
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Fast Page Mode Early Write Cycle 

RAS 

Address 

WE 

I/O 

V,H­
VIl-

V,H­
VIL-

V,H­
V,L-

V,H­
V,L-

V,H- T""l"'''''''''':-7\ v...-----., 
V,L- "->'-"'-'<.-"-.lL..V 11-____ -.11 

Remark In the fast page mode, read and write cycles are available for each of the consecutive CAS cycles within 

the same RAS cycle. 



CAS Before RAS Refresh Cycle 

RAS V,H­
V,L-

V,H­
V,L-

V,H­
V,L-

tcSR tCHR 

tRAS 

Remark Address: Don't care I/O: Hi-Z 

RJI:S Only Refresh Cycle 

RAS 

CAS 

Address 

V,H­
V,L-

V,H­
V,L-

V,H­
V,L-

teAP 

Remark WE: Don't care I/O: Hi-Z 

tRAS tRAS 
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Hidden Refresh Cycle (Read) 

RAS 

CAS 

Address 

WE 

V,H-
VIL-

V1H-

VIL-

V,H­
VIL-

V,H­

teRP 

VIL- ~.L-.L-.L-'-'-r-'-'r....J 

tRe 

tRAS 

1/0 VOH- •••••••••••••••••••••••••••••• ~!:~ ..................... . 
VOL-

tRe 

tRAS 

Hi-Z 
Data out 



Hidden Refresh Cycle (Write) 

RAS 

CAS 

Address 

WE 

V,H­
VIL-

V,H-

IRC lAC 

IRAS tRAS 

1/0 
V IL- '-'<....lI'-"--->L..l<...lI.....l<...."-'1L...Y '--____ Jo ,,-->L..l<...lI.....l<....IL...l ....... <....lI'-"--->L..l<...lI.....l<....IL...l ...... <....lI ...... -->L..l<...lI.....><...> 
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USER'S MANUAL NEe 

HOW TO USE DRAM 

Document No. M10339EJ2VOUMU1 
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Purpose 

Readers 

INTRODUCTION 

This manual is intended for users who understand DRAM functions and design applica­

tion systems using DRAMs. 

This manual explains the basic properties of DRAM and their use. 

How to read this manual It is assumed that readers of this manual have general knowledge in the fields of 

electricity, logic circuits, and memory. For further details on the functions of each device, 

please refer to their data sheets. 

Legend 

Related documents 

DRAM devices can be divided into 5.0-Vand low-voltage operation devices. This manual 

concentrates on 5.Q-V operation devices (For information on low-voltage operation 

devices, see CHAPTER 10 LOW VOLTAGE OPERATION). 

This manual uses the following abbreviations for refresh functions: 

CAS before RAS refresh -7 CRB refresh 

CAS before RAS long refresh -7 CBR long refresh 

CAS before RAS self refresh -7 CBR self refresh 

RAS only refresh -7 ROR 

Long RAS only refresh 

Active low 

Note 

Caution 

Remark 

-7 Long ROR 

xxx (top bar over pin or signal name) 

Footnote 

Points to be noted 

Supplementary explanations for main text 

Numeric representations: decimal ... xxxx 

Document related to the JlPD4216100 

• JlPD42161 00, 4217100 Data Sheet (lC-2923) 

Document related to the JlPD4216400 

• JlPD42S16400, 4216400, 42S17400, 4217400 Data Sheet (lC-2922) 

Document related to the JlPD42S16160, 4216160, 42S18160 

• JlPD42S16160, 4216160, 42S18160, 4218160 Data Sheet (lC-3217) 

Document related to the JlPD42S16160L 

• JlPD42S16160L, 4216160L, 42S18160L, 4218160L Data Sheet (lC-3218) 

Document related to the Hyper Page Mode (HPM) 

• JlPD4216165 Data Sheet (lC-3378) 
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CHAPTER 1 DEFINITION OF DRAM 

1.1 Classification of IC Memory 
The CMOS IC memory can be divided into two main categories, namely RAM (RWM) and ROM (Read Only 

Memory). 

Figure 1-1 shows the classification of the CMOS IC memory. 

Figure 1-1. CMOS IC Memory Classification 

RAM~OOAM· 

{

IRWMl SRAM 

CMOS IC memory 

-C PROM 
ROM Mask ROM 

(1) RAM (Random Access Memory) ... RWM (Read Write Memory) 
The RAM can be broadly divided into DRAM and SRAM (See 1.2 DRAM Features). The RAM memory freely 

enables high-speed reading and writing. 

The ROM also enables reading freely but the RAM generally enables both reading and writing freely. All 

data in the RAM are lost by turning off the power. 

The DRAM can be further divided into conventional DRAM and high-speed DRAM. High-speed DRAM refers 

to synchronous DRAM and Rarnbus ™ DRAM operating in synchronization with a clock and page access 

time enabling as compared with conventional DRAMs. This user's manual describes conventional DRAMs. 

See each user's manual for the details on the synchronous DRAM and Rambus DRAM. 

(2) ROM (Read Only Memory) 

The ROM can be broadly divided into PROM and mask ROM. It is a memory exclusively used for reading 

only. Data contained in ROM are retained even if the power is turned off. 

As its name indicates, the ROM (Read Only Memory), once written, can be read only and hence cannot be' 

generally rewritten. However, some PROM (Programmable ROM) can be rewritten. 
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CHAPTER 1 DEFINITION OF DRAM 

1.2 DRAM Features 

The DRAM has the following features: 

(1) M ... e.m ... o .... rv .......... c .... ~.II structure = 1 transistor + 1~. a. C:i~~. ~ T !;.iJm~ density easily provided 
(2) .R~eshingrequired--- _ 

(3) Address mUltiplex method----------' 

The following explains the features (1) to (3) of DRAM in comparison with the SRAM. 

(1) Memory cell structure 

The memory cell stores one-bit data. One 16M DRAM has 16,777,216 (224) memory cells. Figure 1-2 shows 

the memory cell structure of DRAM and SRAM. 

The DRAM memory cell consists of one transistor and one capacitor and hence is highly integrated as 

compared with the SRAM in 6-transistor configuration. 

The SRAM memory cell consists of flip-flops (in 6-transistor configuration) and does not use any capacitors. 

Figure 1-2. Memory Cell 

(a) DRAM (b) SRAM (CMOS) 

Fi~"OO 
Digit line 

I Capacitor I Digit line Digit line 

I Flip-flop I 

(2) Refresh operation 

The DRAM uses capacitors in memory cells and hence must be refreshed. 

The electric charge accumulated in DRAM capacitors tends to discharge little by little (leak) when left as 

it is. Therefore, data cannot be saved simply by providing power supply voltage. 

Let us call the condition of a cell filled with electric charge as a "high level". If such a cell is left as is, the 

electric charge contained in the cell will be lost through leakage and the cell will change to the low level. 

The high level must always be maintained to retain data. Refreshing is the operation for constantly amplifying 

electric charge to retain data. 

The SRAM does not use capacitors and hence does not require refreshing. 

Caution For some cells, the condition of a cell filled with electric charge is called Mlow levelw and refreshing 

is also required for those cells to maintain the low level for the same reason explained above. 



CHAPTER 1 DEFINITION OF DRAM 

(3) Address multiplex method 

Figure 1-3 shows a diagram of the address multiplex method. 

The address multiplex method uses two select inputs. For example, if an address line requires 20 bits, these 

20 bits are read in two packets of 10 bits each. By thus reducing in half the number of address pins, high 

integration and package miniaturization can be achieved. 

The DRAM uses this address multiplex method. For this reason, it can be packaged more compactly than 

SRAM for an equal memory density. 

Although the SRAM does not use the address multiplex method, it enables easier timing design than DRAM 

as data can be transferred using one select input only. 

Figure 1-3. Address Multiplex Method (for address line requiring 20 bits) 

(a) DRAM type (address multiplex method) 

Select input 1 

Select input 2 

Address IAO':to A9) 

(b) SRAM type (address non-multiplex method) 

Select input 

Address\AO to A19} 

A comparison of DRAM features and other types of memories is shown in the table below. 

Table 1-1. Ie Memory Features 

~ DRAM SRAM Mask ROM EPROM Flash Memory 

Feature 

Large density © 6 © 0 © 
Compact package © 6 6 6 6 
Data-retention capability 6 0 © 10 10 
Bit unit cost © 6 © 6 0 
Access time 0 © 0 0 0 

©: excellent 0: very good 6: lacking 
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CHAPTER 2 WORD AND BIT ORGANIZATIONS 

This chapter describes word and bit organizations using an example of 16M DRAM. 

The word means a memory density controlled by one data I/O pin. 

The bit organization means the number of data whose I/O can be controlled at one time. The x 4-bit device has 

four data I/O pins and can control I/O of four bits at one time. The x S-bit device has eight data I/O pins and can 

control I/O of S-bit data at one time. Therefore. word x bit organization forms an entire memory density. 

For example. the memory density of 4M words x 1 bit is 4M bits and that of 4M words x 4 bits is 16M bits. The 

word x bit organization may be different for the same memory density. 

The word and bit organization may be called depth and width. respectively. when Figure 2-1 is viewed from the 

side. 

Figure 2-1. Simplified Block Diagram 

16M DRAM Ix 4-bit device) 
14M-word x 4-bit) 

4---H-+-,I~. 

Four 
Data I/O pins 

16M DRAM Ix 8-bit device) 
12M-word x 8-bit) 

Data I/O pins 

When a certain address is defined. 4-bit and B-bit data are selected for x 4-bit and x-B bit organizations. respectively. 

Therefore. if there are address pins available for defining all words Ix 4-bit device: 4M bits. x B-bit device: 2M bits). 

the data of all addresses of memory can be selected. 

Table 2-1. Number of Memory Cells and Number of Address Pins 

~ms X axis Yaxis 

DRAM type Number of memory cells Number of address pins Number of memory cells Number of address pins 

16M DRAM Ix 4-bit device) 4K 12 1 K 10 

16M DRAM Ix S-bit device) 4K 12 512 9 

Because the DRAM uses the address multiplex method. the number of address pins is 12 for both DRAMs in 

x 4-bit and x S-bit organizations. 
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CHAPTER 3 PIN FUNCTIONS 

This chapter describes DRAM pin functions based on the JlPD42161 00 (16M-word x 1-bit device) and JlPD4216400 

(4M-word x 4-bit device). 

3.1 Pin Configurations 

(b) JlPD4216400LA (a) JlPD4216100LA 

(26-pin Plastic SOJ (300 milll (26-pin Plastic SOJ (300 milll 

Vee 26 GND Vee 1 0 GND 

D" 25 Dour 1/01 2 1104 
NC 24 NC 1/02 3 1/03 

WE 4 "l:: CAS "II 
RAS S 0 DE 
All 6 ~ A9 

WE "l:: 23 CAS "II 
RAS 0 22 NC .. 
All ~ 21 A9 ... 

Al0 g AS 
... 

Al0 8 19 AS 
AO 9 > A7 
Al 10 A6 

AO > 18 A7 
Al 17 A6 
A2 16 AS A2 11 AS 
A3 15 A4 A3 12 A4 
Vee 14 GND Vee 13 GND 

3.2 Pin Functions (common to PPD4216100 and PPD4216400) 

Pin name I/O Pin functions Remark 

RAS : Row Address Strobe In Signal that activates chip and fetches row address 

CAS: Column Address Strobe In Signal that fetches column address 

WE : Write Enable In Signal enabling write 

Vee: Power Supply - Power supply voltage pin 

GND: Ground - Ground pin 

AO-A 11 : Address In Address input pin 

DIN: Data Input In Data input pin IlPD4216100 only 

DoUT : Data Output Out Data output pin 

OE : Output Enable In Signal enabling output JlPD4216400 only 

1/01-1/04: Data Inputs/Outputs I/O Data I/O pin 

NC : No Connection - Not connected to internal memory 
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3.3 Pin Function Explanation 
The pin functions of RAS, CAS, WE, and OE are explained below. 

3.3.1 RAS: Row address strobe 

This is a signal that activates chips. When the RAS is activated, DRAM operation begins. When the RAS is 

activated, a row address is latched, the corresponding word line is selected, and the sense amplifier circuit is 

activated. 

The sense amplifier circuit is used to amplify signals in the capacitor. 

The RAS is activated when it is low. The" -" (bar) indicates that this signal is activated when it is low. 

3.3.2 CAS: Column address strobe 

This signal fetches a column address, selects the digit line connected to the sense amplifier, and activates the 

data I/O circuit. 

3.3.3 WE: Write enable 

When RAS, CAS, and WE are activated, write operation is enabled. Write operation is divided into two major 

groups. 

• Early write : WE is activated before or at the same time CAS is activated. 

• Late write : WE is activated after CAS is activated. 

3.3.4 OE: Output enable 

This Signal is used to switch between data input and output (for devices with multiple-bit organization only). The 

DRAM is divided as shown in Table 3-1 depending on the word and bit organization. 

Table 3-1. DRAM Word x Bit Organization 

---- 4M DRAM 16M DRAM 

x 1-bit device 4 M x 1 16 M x 1 

Multiple-bit device 1 Mx4,512Kx8, 4Mx4, 2 Mx8, 

256 K x 16 etc. 1 M x 16 etc. 

In multiple-bit devices, the I/O pin serve both as the input and output pins and therefore I/O switching signal (=OE 

signal) is required. In x 1-bit devices, OE is not required because the data input pins and data output pins are separate. 

The data I/O pins used for multiple-bit devices and x 1-bit devices are shown in Table 3-2. 

Table 3-2. Data 1/0 Pins 

----- x 1-bit device 

Input pin DIN 

Output pin DouT 

Note n = 4 : x 4-bit device 

= 8 : x 8-bit device 

= 16 : x 16-bit device 

Multiple-bit device 

I/O 1-I/On Note 



CHAPTER 3 PIN FUNCTIONS 

In multiple-bit devices, read operation is enabled when OE and then RAS and CAS are activated. At this time, 

when WE is activated, OE changes to 'don't care' in the memory and read operation is disabled. Therefore, read/ 

write operation is enabled only through the control of WE, with OE held active. 

Remark In the read modify write cycle, data are output and input once each in one cycle. Fordetails, see 4.3 Read 

Modify Write Cycle. 

1,\ 
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3.4 Block Diagram 
The following two types of DRAM block diagrams are shown. 

,uPD42S16160 (1 M-word x 16-bit. 4.096 refresh) 

,uPD42S18160 (1 M-word x 16-bit. 1.024 refresh) 

Figure 3·1. Block Diagram 

(a) PPD42S16160 (1M-word x 16-bit, 4,096 refresh) 

(b) PPD42S18160 (1M-word x 16-bit, 1,024 refresh) 



CHAPTER 3 PIN FUNCTIONS 

3.4.1 Block diagram explanation 

The block diagram is explained below. 

(1) When RAS is activated: 

When RAS is activated, the signal travels to the row decoder, latches a row address, selects the 

corresponding word line, and activates the sense amplifier. The RAS also enables activation of CAS (Signal 

priority is: RAS>CAS>WE>OE). 

(2) When CAS is activated: 

When CAS is activated, the signal travels to the column decoder, latches a column address, selects the 

corresponding digit line, and enables data I/O. The CAS also enables activation of WE and OE. 

The UCAS and LCAS control the upper and lower bytes, respectively, thus achieving control in units of bytes 

(See CHAPTER 8 BYTE CONTROL). 

Also, when the CAS is activated before RAS, the CAS before RAS counter is activated, thus automatically 

generating a row address. 

(3) When WE is activated: 

When WE is activated, data are input. 

(4) When OE is activated: 

When OE is activated and WE is inactivated, data are output. 
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CHAPTER 4 OPERATION MODES 

Operation modes can be generally divided into read and write. Read consists in extracting effective data from 

memory and write consists in inputting effective data into memory. 

In this manual, a series of operations required for read operations is called read cycle and a series of operations 

for write operations is called write cycle. Before each operation mode is explained, legends used in timing charts 

are provided in Table 4-1. 

Signal names listed higher in timing charts have precedence over ones listed lower (RAS > CAS> WE > OE). 

If WE is low, OE is "don't care" in memory. 

Table 4-1. Legend 

Notation Meaning 

Low or high level can be input and level can be changed from high to low or vice versa at any 

'iX:IXfJ time. 

Input of undefined levels (neither high nor low) is prohibited. 

\\\\\ High level can be input and level can be changed from high to low at any time. However. low-

to-high transition is prohibited. 

/Ill Low level can be input and level can be changed from low to high at any time. However, high-

to-low transition is prohibited. 

Don't care Signals of all levels can be input. (Low, high, and undefined levels) 

Hi-Z The output state is neither high nor low level. 

(High Impedance) 

507 



508 

CHAPTER 4 OPERATION MODES 

4.1 Read Operation 

4.1.1 Read cycle 

Read cycle is executed by activating RAS and then CAS while WE is not activated and OE is activated. The RAS 

latches row addresses and CAS latches column addresSes. 

Figure 4-1 shows the timing chart for the read cycle. 

Figure 4-1. Read Cycle 

Address 

I/O ••••••••••••••••••• Ij!:~ ••••••••••••••••••••••••• 
~,1I.......;;...;.;;;...;.;;.;...-.T 

<1> Defines row address. 

<2> Activates RAS to latch row address. 

<3> Inactivates WE to select read mode. 

<4> Defines column address. 

<5> Activates CAS to latch column address. 

<6> Activates OE to enable output buffer. 

<7> Start of data output. 

RAS 

CAS 

WE 

OE 

I/O 

Active 

Active 

Inactive 

Active 

Output 
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4.1.2 Access time 

The effective access time in the read cycle varies depending on the conditions as shown in Table 4-2. 

Table 4-2. Access Time in Read Cycle 

Input Conditions Access Time Access Time from RAS 

(1 ) tAAO $; tAAO IMAX.! and tACO $; tACO IMAX.! tAAC IMAX.! tAAC IMAX.! 

(2) tAAO > tAAO IMAX.! and tACO $; tACO IMAX.! tAA IMAX.! tAAO + tAA IMAX.! 

(3) tACO> tACO IMAX.! tCAC IMAX.! tRCO + tCAC IMAX.! 

The tRAO IMAX.! and tRCO IMAX.! are specified as reference points only; they are not restrictive operating parameters. 

They are used to determine which access time (tRAC, tAA, or tCAC) is to be used for finding out when output data will 

be available. Therefore, the input conditions tRAO~ tRAOIMAX.! and tACO ~ tACO IMAX.! will not cause any operation problems. 

Assuming that the specification is as shown in Table 4-3, an example for Table 4-2 is shown below. 

Table 4-3. Specification of a Certain Device (for read cycle) 

............... MIN. MAX. Unit 

tRAO 12 30 ns 

tACO 14 45 

tRAC - 60 

tAA - 30 

tCAC - 15 

(1) When tRAC becomes valid (RAS access): 

Address 

I/O - -- -- - - !:Ii-f_ ----- ------- ------ --- -- ---- ----- --
v-:>/~";"';";';"";";;';......J 

Remark WE: inactive, OE: active 

When tAAO is equal to 30 ns and tACO is equal to 45 ns, tRAC becomes valid. Data are output in 60 ns after 

the RAS is activated. 
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(21 When tAA becomes valid (address accessl: 

Remark WE: inactive, OE: active 

When tRAO is equal to 31 ns (tRAO > tRAO IMAX.») and tRCO is equal to 45 ns, tAA becomes valid. 

Therefore, data are output in 61 ns after RAS is activated. 

The access time from RAS becomes (tRAO + tAA) and is delayed from RAS access. 

(31 When tCAC becomes valid (CAS accessl: 

=4 

Address 

1/0 •••••• • tli-;:: ••••• •••••••••••••••••••••••••••••• 

Remark WE: inactive, OE: active 

The tCAC becomes valid regardless of the value of tRAO when tRCD is equal to 46 ns (tRCD > tRCO IMAX.») (the 

value of tRAD IMIN.) and address setup time need to be observed). 

Therefore, data are outputin 61 ns after RAS is activated. 

The access time from RAS becomes (tRCO + tCAC) and is delayed from RAS access. 
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4.2 Write Operation 
Write operation is enabled by activating RAS, CAS, and WE. 

4.2.1 Early write cycle 

The early write cycle is executed by activating WE before or at the same time when CAS is activated. 

Figure 4-2. Early Write Cycle 

Address 

1/0 

Remark OE: don't care 

<1> Defines row address. 

<2> Activates RAS to latch row address. 

<3> Activates WE to enable input buffer. 

<4> Defines column address. 

<5> Activates CAS to latch column address. 

<6> Sets input data. 

RAS 

CAS 

WE 

OE 

I/O 

Active 

Active 

Active 

Don't care 

Input 
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CHAPTER 4 OPERATION MODES 

4.2.2 Late write cycle 

The late write cycle is executed by activating WE after activating CAS. 

Figure 4-3. Late Write Cycle 

Address 

1/0 @ ______ Ij~L __ _ 

<1> Defines row address. 

<2> Activates RAS to latch row address. 

<3> Defines column address. 

Data in 

<4> Activates CAS to latch column address. 

<5> Inactivates OE to select write mode. 

<6> Activates WE to enable input buffer. 

<7> Sets input data. 

RAS 

CAS 

WE 

OE 

I/O 

Active 

Active 

Active 

Don't care 

Input 
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Figure 4-5. Read Modify Write Cycle of Multiple-Bit Device 

Address 

I/O XXXXXX>---___ -_ .. m _m_ 

I/O .-- ___________ l:bL __________ _ 

<1> Defines row address. 

<2> Activates RAS to latch row address. 

<3> Defines column address. 

<4> Activates CAS to latch column address. 

<5> Activates OE to enable output buffer. 
<6> Start of data output. 

<7> Activates WE to enable input buffer. 

<8> Sets input data. 

_ ___________ !:Il:L ___________ _ 

RAS Active 

CAS Active 

WE Inactive Active 

OE Active Don't care 

I/O Output Input 



CHAPTER 4 OPERATION MODES 

4.4 Page Mode 

4.4.1 Fast page mode (FPM) 

In the fast page mode (FPM), column addresses are latched by repeatedly activating and inactivating CAS after 

RAS has been activated and the row address has been latched. This mode is available for read/write or read modify 

write operations and allows the simultaneous use of read and write operations. 

Taking the read operation as an example, during normal read operations, data can be output only once during each 

RAS cycle, while in the fast page mode, data can be output repeatedly. For this reason, during read operation in 

the fast page mode, the access time of the data output first (data output 1) is the same as the access time of normal 

read cycles, but the access time of the second and later data output (data output 2, data output N) becomes 

successively faster. 

Figure 4·6. Fast Page Mode Read Cycle 

< 1> '. CAS toggle operation (operation to repeat activating and inactivating) 

<2> Data output 1 corresponding to column address 1 

<3> Data output 2 corresponding to column address 2 

<4> Data output N corresponding to column address N 
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4.4.2 Access time in fast page mode 

The access time in the fast page mode varies depending on the conditions shown in Table 4-4. 

Table 4-4. Access Time in Fast Page Mode Read Cycle 

""-.. Conditions Valid access time 

(1 ) tAsc 2!: (tAA (MAX.) - tT - tCAC (MAX.)) tCAC (MAX.) 

(2) tAsc (MIN.! S tASC < (tAA (MAX.! - tT - tCAC (MAX.)) tAA(MAX.) 

Assuming that the specification in Table 4-5, an example in Table 4-4 is shown below (tT = 5 ns). 

Table 4-5. Specification of a Certain Memory (for fast page mode) 

~ MIN. MAX. Unit 

tAA - 30 ns 

tCAC - 15 

tAsc 0 -

Figure 4-7. CAS Access and Address Access 

Address 

I/O .••••••••• J:!i:~ •••••••• 

(1) (2) 

Remark WE: inactive, OE: active 

(1) When tCAC becomes valid (CAS access): 

Data are output in 31 ns (tASC + tT+ tCAcl after the column address is defined and in 15 nsafter CAS is activated. 

(2) When tAA becomes valid (address access): 

Data are output in 30 ns after column address is defined and in 25 ns (tAA- tTl after CAS is activated (in the 

case of tAsc = 0 ns). 
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4.4.3 Hyper page mode IHPMI 

Hyper page mode (HPM) is one type of page modes and is equivalent to EDO. The following describes main 

features of hyper page mode in relation to how it differs from the fast page mode (FPM). 

(11 Data output time is extended 

In hyper page mode, output data are held until the falling of the next CAS cycle rather than the rising of CAS 

to extend data output time (extended data out function). In normal fast page mode, data output time is 

reduced when CAS cycle time is shortened. However, in hyper page mode, the extended data out function 

increases the timing margin at the reading side even if the CAS cycle time becomes shorter. 

121 Further shortening in CAS cycle time ItHpcl as compared with fast page mode 

According to (1) above, the CAS cycle time can be further shortened in the hyper page mode as compared 

with the fast page mode if the timing margin at the reading side is the same. For example, the CAS cycle 

time in the hyper page mode is 25 ns while that in the fast page mode is 40 ns for a device with tRAC = 60 
ns. 

In hyper page mode, read operation (data output) and write operation (data input) can be repeatedly executed 

during one RAS cycle as in fast page mode. The read and write operations can exist at the same time with the 

performance being equivalent to that of the fast page mode. 
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CHAPTER 4 OPERATION MODES 

Figure 4-8. Hyper Page Mode Read Cycle 

Address 

~~e:page 1 
I/O 

Fast page 1 
mode 

I/O 
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4.4.4 I/O Hi-Z state 

In page mode, when I/O is set to Hi-Z state in read cycle, valid signal specifications differ as shown below. 

Figure 4-9. 1/0 Hi-Z State 

(a) Fast page mode (b) Hyper page mode 

Address Address 

I/O I/O 

(1) Fast page mode: 

The tOFF and tOEZ are applied to set I/O to Hi-Z state and the faster becomes effective. 

(2) Hyper page mode: 

The RAS, CAS, WE, and OE need to be controlled as follows to set I/O to Hi-Z state. Valid signal specifications 

differ depending on the state of each signal. 

• Both RAS and CAS are inactive (at the end of the read cycle) 

WE: inactive, OE: active 

tOFC is effective when RAS is inactivated before CAS is inactivated. 

to FA is effective when CAS is inactivated before RAS is inactivated. 

• Both RAS and CAS are active or either RAS or CAS is active (in read cycle) 

WE, OE: inactive ...... tOEZ is effective. 

• Both RAS and CAS are inactive or RAS is active and CAS is inactive (at the end of read cycle) 

WE, OE: active and either tAAH or tACH must be met ...... twEZ and twpz are effective. 

• WE: inactive (in read cycle) 

CAS: inactive, OE: active ...... tCHO is effective. 

CAS, OE: active ...... tOCH is effective. 

In short, 

(A) The slower of tOFR and tOFC becomes effective. 

(B) The faster of tWEZ and tOEZ becomes effective. 

Please note that I/O will not become Hi-Z state even if CAS changes from active to inactive in case of hyper 

page mode with RAS: active, WE: inactive and OE: active. 
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4.4.5 Access time in hyper page mode 

When tAA is applied in the hyper page mode,tHPc cannot be operated at the minimum value (See 4.4.2 Access 

time in fast page mode for CAS access and address access). 

Assuming that the specification in Table 4-6, an example in Figure 4-10 is shown below (tT = 2 ns). 

Table 4-6. Specification of a Certain Memory (for hyper page mode) 

--- MIN. MAX. Unit 

tHPC 20 - ns 

tAA - 25 

tCAC - 13 

tAsc 0 -

tOHC 5 -

Figure 4-10. CAS Access and Address Access (for hyper page mode) 

Address 

110 . _________ J!i:~ _______ _ 

(1) (2) 

Remark WE: inactive, OE: active 

(1) When tCAC becomes valid (CAS access): 

Data output time is equal to 10 ns when tHPC is set to the minimum value. 

Data output time: (tHPC - tT - tCAC) + tOHC = (20 - 2 - 13) + 5 = 10 ns 

(2) When tAA becomes valid (address access): 

Data output time is equal to 0 ns when tHPC is set to the minimum value and hence 10 ns cannot be secured. 

Data output time: (tHPC - tAA) + tOHC = (20 - 25) + 5 = 0 ns 

Therefore, tHPC needs to be set to 30 ns (address access) or tAsc needs to be set to 10 ns (CAS access) to secure 

10 ns data output time. 



CHAPTER 5 INTERNAL MEMORY OPERATION 

This chapter describes the internal operation of memory devices. taking read cycles as an example. 

Figure 5-1. Simplified Diagram of Internal Memory 

1/2Vcc 

PDL------------~----~--~----~--~-­
(Digit line precharge signal) 

Word line ------+-7'''''f'===-''''''""----+--

ifj-

SE------------~--~~ 
(Sense amplifier drive signali 

1 
Column switch 

Digit line 

Let us assume that the high level (= 5.0 V) is held by the capacitor in the memory cell and is to be output to the 

outside of the memory (read operation). When RAS is not activated. POL (digit line precharge) is activated and the 

digit lines and digit lines are at half of Vee potential. 

Assuming that the word line is selected with the row address. activating RAS makes POL and the word line inactive 

and active. respectively. followed by SE (sense amplifier drive) being activated with some delay time. When POL 

is inactivated. the digit lines and digit lines are separated. 
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When the word line is activated, the transistor (Vs) is turned on, transferring electric charges in the capacitor (Cs) 

to the digit line. Then, the potential of the digit line becomes 1/2 Vee + a, resulting in some voltage difference (=a) 

between the digit lines and digit lines. The difference is amplified by the sense amplifier to 5.0 V and 0 V. When 

the capacitor (Cs) holds the low level (= 0 VL the reverse operation is performed (i.e., Digit line = 1/2 Vee - a and 

Digit lines = 1/2 Vee. The potential difference is amplified). The column switch is controlled with CAS. 

When CAS is inactivated, the column switch is inactivated. When RAS is inactivated, the transistor (Vs) is turned 

off, SE is inactivated, and PDL is activated. The digit lines and digit lines amplified by the sense amplifier to 5.0 V 

and 0 V gradually reach 1/2 Vcc. 

The time it takes for the digit lines and digit lines to change from 5.0 V and 0 V to 1/2 Vee at this time is the RAS 

precharge time (tAP). When the RAS precharge time runs short, the sense amplifier may malfunction because the 

next operation (the transistor (Vs) is turned on) is made without causing the digit lines and digit lines to reach 1/2 

Vee. 

Digit lines are connected to the transistors at the output stage. The transistors are controlled with OE (WE in 

write operation). 

• When Tr1 = ON and Tr2 = OFF, the high level is output. 

• When Tr1 = OFF and Tr2 = ON, the low level is output. 

Figure 5·2. Simplified Diagram of Memory Output Stage 

Inside memory 

Digit line -----.--1---1 

Digit line --~-I-t---l 

Vee 

, 

-------------------------------.-

Outside memory 

I/O 



CHAPTER 6 REFRESH 

This chapter describes the refresh operation, taking the pPD42S16160 (1M words x 16 bits) as an example. 

6.1 Refresh Cycles and Distributed/Burst Refresh 
The refresh cycle of the pPD42S16160 is 4,096/128 ms. 

This expression means that4,096 refresh cycles are required during each 128 ms interval. The requirement should 

be strictly observed, otherwise data stored in memory may be destroyed. 

Refresh can be executed in two ways. 

(1) Distributed refresh: 

Refresh cycles are executed at intervals. In the case of the pPD42S16160. refresh cycles are executed every 

31.3 ps (128 ms/4.096). 

(2) Burst refresh: 

Refresh cycles are executed in succession. In the case of the pPD42S16160. 4.096 refresh cycles are 

executed in succession. 

6.2 Refresh Types 
Refresh can be categorized into two main types and further into five sub-types as shown below. 

Figure 6-1. Refresh Types 

CAS before RAS refresh (CBR refresh) 

CAS before RAS long refresh (CBR long refresh) 

CAS before RAS self refresh (CBR self refresh) 
Refresh 

RAS only refresh (ROR) 

Long RAS only refresh (Long ROR) 

In normal (read/write) mode. CBR refresh. CBR long refresh. ROR, or long ROR are generally used; in data retain 

(with battery backup) mode. CBR self refresh is generally used. 
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6.3 Refresh Operation 
This section describes refreshes used for DRAM. The control method for these refreshes and refresh cycle ratings 

are shown in Tables 6-1 and 6-2. 

(1) CBR refresh: 

Refresh is executed with (memory) external clock and (memory) internal address signals. In this case, the 

refresh cycle rating is 4,096/64 ms. 

Addresses are generated by an internal counter which counts automatically. Therefore, 4,096 different 

addresses are generated automatically. 

(2) CBR long refresh: 

Refresh is executed with external clock and internal address signals. In this case, the refresh cycle rating 

is 4,096/128 ms. Compared with the CBR refresh (64 ms). the refresh period is longer (128 ms). Therefore, 

the number of refresh times per time interval is smaller than in the case of the CBR refresh, resulting in 

lower power consumption (lower average current consumption per time interval). 

(3) ROR and long ROR: 

Refresh is executed with external clock and external address signals. In this case, the refresh cycle rating 

is 4,096/64 ms (4,096/128 ms for long ROR). 4,096 different addresses must be created outside the memory. 

(4) CBR self refresh: 

Refresh is executed with internal clock and internal address signals. Memory executes refresh automatically 

under control of the internal clock (no refresh cycle). Therefore, CBR self refresh cannot be used when read 

and write operations are executed together and cannot be controlled externally. 

Memories that can assure CBR self refresh can also assure CBR refresh, CBR long refresh, ROR, and long 

ROR. 
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Table 6-1. Refresh Control Methods 

------- Clock Address 

CBR refresh External Clock Internal Address 

CBR long refresh 

ROR External Clock External Address 

Long ROR 

CBR self refresh Internal Clock Internal Address 

Table 6-2. Refresh Cycle Ratings 

~ DRAM with self refresh DRAM without self refresh 

Refresh cycle 4,096/128 ms 4,096/64 ms 

CBR refresh 0 0 
CBR long refresh 0 X 

ROR 0 0 
Long ROR 0 X 

CBR self refresh 0 X 

Remark 0: Assured, X: Not assured 
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6.4 CBR Refresh, CBR Long Refresh Cycle 
By activating RAS after CAS has been activated, the internal counter is activated and a row address is generated 

automatically. One row address is refreshed through this operation (in Figure 6-2, refresh is executed twice). 

Refresh is executed with the external clock and internal address signals. 

Figure 6-2. CBR Refresh Cycle 

~ ...... -............ . 

C'"'~;;:A=-a-ct-:'iv-a-te-:'d-:'b-ef~o-re""RAS;:A;;") 

Remark Address, WE, OE: don't care I/O: Hi-Z 

Although the refresh period for the CBR long refresh cycle is longer than that of the CBR refresh cycle, its operation 

is exactly the same. 
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6.5 ROR and Long ROR Cycles 

After RAS has been activated, the row address is latched and refresh is executed. Through this operation, refresh 

is completed for one row address. 

Figure 6-3. ROR Cycle 

Remark WE, OE: don't care I/O: Hi-Z 

Although the refresh period forthe long ROR refresh cycle is longer than that of the ROR refresh cycle, its operation 

is exactly the same. 
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6.6 CBR Self Refresh Cycle 

6.6.1 Executing CBR self refresh 

In the same way as for the CBR refresh cycle, after activating CAS, activate RAS. By keeping RAS activated for 

a set period (tRASS IMIN.) = 100 J.l.s) or longer, the internal clock and the internal counter are activated and the memory 

repeatedly refreshes itself. 

Figure 6-4. CBR Self Refresh Cycle 

( Hold for set period or longer) 

Remark Address, WE, OE: don't care 1/0: Hi-Z 
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6,6.2 Cautions on use of CBR self refresh 

CBR self refresh can be used independently when used in combination with distributed CBR long refresh; 

However, used in combination with burst CBR long refresh or with long ROR (both distributed and burst), the following 

cautions must be observed (For information on distributed and burst refresh, see 6.1 Refresh Cycles and Dis­

tributed/Burst Refresh). The JlPD42S16160 is used in the following example. 

(1) Normal Combined Use of CBR Self Refresh and Burst CBR Long Refresh 

Let us assume that CBR long refresh is used as shown in Figure 6-5. The RAS must be kept activated (= 

tRASS) for 100 Jls or longer to execute CBR self refresh (See 6.6.1 Executing CBR self refresh). 

In the CBR self refresh, it is not known how many seconds are required to refresh all memory cells. 

Therefore, if the CBR self refresh is stopped without refreshing all memory cells, an inactive period of up 

to approximately 2 tREF occurs, the tREF (= refresh time) requirement cannot be satisfied and data may be 

destroyed. 

To prevent this from occurring, normally, when CBR self refresh and burst CBR long refresh are used in 

combination, execute CBR refresh for 4,096 times within 64 ms just before and after setting CBR self 

refresh. Through this CBR refresh, the period when any refresh is not executed will be within the tREF 

requirement. 

Figure 6-5. Example of Burst CBR Refresh Use 

Burst CBR long 
refresh 1128 msl 

4,096 X tRC 

( No-refresh period ItRASS " 100 .usl 

tF<ASS 

) 

Burst CBR long 
refresh 1128 msl 

4,096 X tRe 
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(2) Normal Combined Use of CBR SeW Refresh and Burst Long ROR 

The address control method for ROR and CBR refresh differ (ROR: Control from outside memory; CBR 

refresh: Control from inside memory). 

Let us suppose that refresh is executed in the subsequence word line 1 (W1) to word line 2 (W2) with ROR. 

When refresh has been executed up to word line 4,095 (W4,095), CBR self refresh begins. At this time, 

if the internal counter (it cannot be controlled from the outside) happens to be set at word line 1 (W1). the 

refresh operation is executed in the subsequence word line 1 (W1) to word line 2 (W2). Under these 

conditions, an inactive period of up to approximately 2 tREF occurs for the word line 4,096 (W4,096) (See 

CHAPTER 5 INTERNAL MEMORY OPERATION and 6.8 Internal Memory Operation During Refresh). 

Execute ROR 4,096 times within an interval of 64 ms or less just before entering or exiting CBR self refresh 

to satisfy the tREF requirement. 

Figure 6·6. Example of ROR Use 

W1 W2 W3 ... W4,095 W4,096 

I I I I I W4,096 was skipped for 
...•. one refresh operation . <::::> ........... ,"-------:'----J 

• ROR ------

CBR self refresh ----------

Remark W: Word line 
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6.7 Hidden Refresh Cycle 
If CBR refresh cycle is started after a read/write cycle or read modify write cycle operation. it is possible to enter 

CBR refresh cycle with CAS activated. 

Hidden refresh read cycle is shown in Figure 6-7 as an example. 

Address 

I/O 

Figure 6-7. Hidden Refresh Read Cycle 

CSR r¥fresh 

Refresh operation hides 
in one read cycle 
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6.8 Internal Memory Operation During Refresh 
This section explains how the memory operates during refresh using Figure 6-8 as an example. 

As explained in CHAPTER 5 INTERNAL MEMORY OPERATION, when RAS is activated, a word line is selected 

and activated. The charge in the memory cell connected with this word line is transmitted to the digit line. The signal 

voltage difference generated at this time is amplified by the sense amplifier. Refresh consists of the above sequence 

of actions. 

Figure 6-8. Simplified Circuit Diagram of 16-bit DRAM 

Memory cell 

Address input 

AO~~~-r~--~ 

circuit 

Figure 6-8 shows 16-bit DRAM (DRAM with 16 memory cells). 

Let us suppose that the high level and the low level are input to the addresses AO and A1, respectively, to select 

the word line (W2) while the high level is retained for all memory cells. Then, the IC-2 becomes the high level, the 

word line 2 (W2) is selected and activated, and all memory cells connected to it are refreshed (Because the output 

of the IC-6 is also at the high level, the column switch connected to the digit line 2 (02, D2) is activated. However, 

because the column address latch circuit is inactivated by refresh, all column switches are off.). Therefore, all memory 

cells are refreshed by selecting all word lines. 

In a memory device with 4,096/128 ms refresh cycle, execution of read/write cycle at 4,096 different kinds of 

addresses is equivalent to refresh. 
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6.B.1 Not cell and true cell 
Even if data within a memory cell are read after refresh fails and all data are destroyed, they are not always at 

the low level. The following provides an any explanation. 

There are two types of memory cells, namely Not cell and True cell. 

11) Not Cell 

The Not cell causes the data retention state of a memory cell to be reversed from the data input from the 

outside of memory or output to the outside of memory. 

In Figure 6-8, when the output of the IC-2 and IC-6 reaches the high level, the column switches connected 

to the word line 2 (W2) and digit lines 2 (02, 02) becomes active, and digit line and digit line become the 

low level and high level. respectively. For read operation, the output of IC-1 0 becomes the high level, the 

transistor at the ground side is turned on, and hence a low-level signal is output from DoUT although the 

memory cell retains the high level because WE is inactive and OE is active. 

Therefore, the output becomes the low level when the Not cell retains the high level at the memory cell 

and the high level when it retains the low level. The same applies to write operation. When a low level 

signal is input, the memory cell retains the high level. On the other hand, when the high level is input, it 

retains the low level. 

12) True Cell 

The True cell causes the data retention state of a memory cell to be equal to the data input from the outside 

of memory or output to the outside of memory. The True cell causes the output to be the high level when 

the high level is retained at the memory cell and to be the low level when the low level is retained. The 

same applies to write operation. 

In Figure 6-8, the memory cell connected to the word lines 2 and 4 (W2, W4) is Not cell and that connected to 

the word lines 1 and 3 (W1, W3) is True cell. The following table summarizes the I/O data state and data retention 

state of memory cell of Not and True cells. 

Table 6-3. I/O Data State and Memory Cell Data Retention State 

~ I/O Data State 
Data Retention State 

of Memory Cell 

Not Cell High level Low level 

Low level High level 

True Cell High level High level 

Low level Low level 

According to the above, even if data are destroyed without observing refresh cycle (tREF) and electric charge is 

lost from the memory cell, the data output from the inside of the memory is not always at the low level. Also, the 

high level cannot always be retained even if a high level signal is input from the outside of memory to all memory 

cells. 

The above is designed to minimize the interference between adjacent memory cells. In an actual device, the True 

and Not cells are aligned carefully, namely the True and Not cells are not always aligned alternately. See CHAPTER 
5 INTERNAL MEMORY OPERAnON for basic internal memory operation. 
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6.9 DRAM Refresh Cycles 
Various DRAM refresh cycles are shown in the table below. 

Table 6-4. Various DRAM Refresh Cycles 

Density Bit Organization DRAM with Self Refresh Function DRAM without Self Refresh Function 

1M x 1 --- 512/8 ms 

x4 

4M x 1 1,024/128 ms 1,024/16 ms 

x4 

x8 

x16 512/128 ms 512/8 ms 

16M x 1 4,096/128 ms 4,096/64 ms 

x4 2,048/128 ms 2,048/32 ms 

x8 

x16 4,096/128 ms 4,096/64 ms 

1,024/128 ms 1,024/32 ms 
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CHAPTER 7 TEST MODE 

By using the test mode, the test time can be reduced. The reason for this is that, in the case of 16M DRAM for 

example, the memory emulates the x 16-bit organization during test mode (In the case of 4M DRAM, the memory 

emulates the x 8-bit organization). 

Figure 7-1. Test Mode Set Cycle (WE, CBR Refresh Cycle) 

( CBR refresh performed with WE activated) 

Remark Address, OE: don't care I/O: Hi-Z 

(1) Setting the mode 

Executing the test mode cycle (WE, CBR refresh cycle) sets the test mode. 

(2) Write/read operation 

When either a "0" or a "1" is written to the input pin in test mode, in the case of 16M DRAM, the data 

are written to 16 bits of memory cell and in the case of 4M DRAM, the data is written to 8 bits of memory 

cell (independent data can be written to any input pin). The case of 16M DRAM is illustrated in the example 

below. 

Write Operation during Test Mode for 16M DRAM 

• x 1-bit devices: "0" or "1" input from DIN is written sequentially to all 16 bits of memory cells . 

• x 4-bit devices: "0" or "1 " input from 1/01-1/04 is written sequentially to all 16 bits of memory cells 

in four-bit units. 

Next, when the data are read from the output pin at the same address, the memory cell can be checked. 

Output = "1 ": Normal write (all memory cells) 

Output = "0": Abnormal write 

(3) Refresh 

Refresh in the test mode must be performed with read/write cycle (See 6,8 Internal Memory Operation 

During Refresh) or with the WE, CBR refresh cycle. The WE, CBR refresh cycle use the same counter as 

the CBR refresh's internal counter (See 6.3 Refresh Operation). 

(4) Mode Cancellation 

The test mode is canceled by executing one cycle of ROR cycle or CBR refresh cycle. 
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CHAPTER 8 BYTE CONTROL 

Concerning DRAMs with x 16 bits or more, controlling I/O data in byte (8 bits) units is called byte control. 

The byte control mode can be used for read, write, or read modify write operation. 

8.1 Byte Read/Write Mode 
It is possible to read and write in byte units. Byte control is executed by the following two CASso 

• LCAS (LOWER CAS) : Controls read/write operations for 1/01 to 1/08 (Lower I/O) . 

• UCAS (UPPER CAS) : Controls read/Write operations for 1/09 to 1/016 (Upper I/O). 

Figures 8-1 and 8-2 show examples controlled by LCAS and UCAS, respectively. 

Figure 8-1. Upper Byte Read Cycle 

Address 

UPPER I/O • __________________ lji;~_________________________ _tli'~ __ 
~'lI...";;';;';';";;'';;';'-J 

Remark LOWER I/O: Hi-Z 

'~ 

Ii 

Ii' 
!i 
I 

1 
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Figure 8-2. Lower Byte Read Cycle 

Address 

LOWER I/O 

Remark UPPER I/O: Hi-Z 
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8.2 Page Mode of Byte Read/Write Mode 
In the page mode, there are the following four types of control methods of I/O data according to the toggle 

operation (repeated operation of activation/inactivation) of CAS signal. 

Table 8-1. Method for Controlling Byte Read/Write Mode 

~ UCAS LCAS I/O Data Control 

(1) Toggle operation Inactive 8 bits 

(2) Inactive Toggle operation 8 bits 

(3) Toggle operation Toggle operation 16 bits 

(4) Toggle operation Toggle operation 8 bits 

(1) UPPER I/O Control 

The UCAS is toggled while LCAS is inactive to control the UPPER I/O 8-bit data. 

(2) LOWER I/O Control 

The LCAS is toggled while UCAS is inactive to control the LOWER I/O 8-bit data. 
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(3) All I/O Control 

The UCAS and LCAS are toggled simultaneously to control UPPER I/O and LOWER I/O (all I/Os) 16-bit data. 

(4) Mixed Control of UPPER I/O and LOWER I/O 

The UCAS and LCAS are toggled in a mix to control each a-bit data of UPPER I/O and LOWER I/O (No altemate 
control is required). 

Remark In the page mode, read, write, and read modify write can be used in a mix by continuing CAS signal during 

the same RAS cycle. 



CHAPTER 9 INITIALIZING 

After turning on, the state of internal DRAM circuits is not known. It is therefore necessary to initialize thern to 

ensure normal operation. 

When turning on power, allow a 1 OO-tLS or longer pause (RAS signal inactive) and then be sure to execute eight 

or more ROR or CBR refresh cycles as dummy cycles to initialize the internal circuits. 

Figure 9·1. Initializing 

4.5-5.5 v·····.· ... · .. · ...... .... J' .. -------------

Power supply 
voltage 

Input signal 

Pause of 100,us 
or longer 
(RAS signal inactivel 

Dummy cycle of 
8 cycle or more 

Guaranteed 
operation 
period 

Remark This dummy cycle of 8 cycles or more is just a dummy cycle and does not guarantee refresh operation. 

Unless initializing is executed accurately, the memory may not operate properly even during guaranteed operation 

period. 

I 
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CHAPTER 10 LOW VOLTAGE OPERATION 

DRAM are divided into 5.Q-Voperation devices and low-voltage operation devices. The main differences between 

5.0-V and low-voltage operation devices are shown in Table 10-1 using 16M DRAM (X 16-bit device) as an example. 

Table 10-1. Main Differences between S.O-V and Low-Voltage Operation Devices 

5.0-V Operation Devices Low-voltage Operation Devices 

Part number JlPD42S16160-60 JlPD42S16160L-A60 

Power supply voltage 5.0 V ± 10 % 3.3 V ± 0.3 V 

(4.5 V to 5.5 V) (3.0 V to 3.6 V) 

Input voltage VIH = 2.4 V to Vee + 1.0 V VIH = 2.0 V to Vee + 0.3 V 

VIL = -1.0 V to +0.8 V VIL = -0.3 V to +0.8 V 

Output voltage VOH = 2.4 V/VOL = 0.4 V VOH = 2.4 V/VOL = 0.4 V 

Operating current 100 mA 90 mA 

CBR self refresh current 250 JlA 150 JlA 

(data-retention current) 

Pin configuration Same 

The 5.Q-V operation devices of 16M DRAM all adopt an internal voltage-drop circuit. The internal voltage-drop 

circuit causes the power supply voltage (5.0 V) supplied to the memory externally to be dropped inside the memory 

and 5.0-V operation devices also operate on 3.3 V inside the memory. Therefore. there is almost no difference 

between the current consumption of the 5.0-V operation device and that of the low-voltage operation device. The' 

low-voltage operation device of 16M DRAM does not adopt any internal voltage-drop circuit. 
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CHAPTER 11 CURRENT CONSUMPTION CALCULATION 

The following examples explains an approximate current consumption calculation according to timing. 

(11 Example 1 

RAS/CAS operation Standby Refresh operation Standby 

tRP(MINJ 

tR 

In the example 1, after RAS/CAS operation (read, write, or read modify write cycle) is executed first, refresh 

(ROR) is executed. When the RAS precharge time (tRPIMIN.)) exceeds the specification (tR > TRPIMIN.)1. standby 

current is applied. 

(21 Example 2 

opera Ion Page mode operation 

----. 1,--)-

1\ tRPINN.l 

If 

The example 2 executes the page mode. In the first CAS cycle, RAS/CAS operation is applied and the page 

mode is applied from the second CAS cycle or thereafter. The RAS precharge time (tAP IMIN.)) when the page 

mode ends becomes the precharge of RAS/CAS operation. Therefore, the RAS/CAS operation is obtained 

by merging the first RAS active period and the RAS precharge period when the page mode ends. 
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When the timing shown in the example satisfies the conditions shown in Table 11-1 (extracted from data sheet). 

each current consumption (per unit time) is added. 

Table 11·1. PPD4216160 DC Characteristics 

Parameter Symbol Test Condition MIN. TYP. MAX. Unit 

Operating current Icc1 RAS. CAS Cycling tRAC = 50 ns 110 mA 

tRC = tRC IMIN.! tRAC = 60 ns 100 

to=OmA tRAC = 70 ns 90 

tRAC = 80 ns 80 

Standby current Icc2 RAS. CAS;:: VIH IMIN.I. 10 = a mA 2 mA 

RAS. CAS;:: Vcc - 0.2 V. 10 = a mA 1 

RAS only refresh current Icc3 RAS Cycling. CAS;:: VIH IMIN.I tRAC = 50 ns 110 mA 

tRC = tRC [MIN.!. 10 = a mA tRAC = 60 ns 100 

tRAC = 70 ns 90 

tRAC = 80 ns 80 

Operating current Icc4 RAS $ VIL IMAX.I. CAS Cycling tRAC = 50 ns 100 mA 

(Fast page mode) tpc = tpc [MIN.!. 10 = a mA tRAC = 60 ns 90 

tRAC = 70 ns 80 

tRAC = 80 ns 70 

CAS before RAS Icc5 RAS Cycling tRAC = 50 ns 110 mA 

refresh current tRC = tRC [MIN.! tRAC = 60 ns 100 

10 = a mA tRAC = 70 ns 90 

tRAC = 80 ns 80 

Input leakage current Ii ILl VI = a to 5.5 V -10 +10 JJA 
All other pins not under test = 0 V 

Output leakage current 10 ILl Vo = 0 to 5.5 V -10 +10 JJA 
Output is disabled (Hi-Zl 

High level output voltage VOH 10 = -2.5 mA 2.4 V 

Low level output voltage VOL 10 = +2.1 mA 0.4 V 

Current consumption varies depending on operating conditions (See CHAPTER 12 MAIN DRAM CHARACTER· 

ISTICS for the details). Appendix A shows the ratio and compensation which is required for each operating condition. 



CHAPTER 12 MAIN DRAM CHARACTERISTICS 

12.1 Current Consumption Waveform Diagram 
In DRAM, as its name implies, consumption current flows more dynamically as compared with other memories. 

There is actually a peak current as shown in Figure 12-1. 

Figure 12-1. Current Consumption Waveform Simplified Diagram of RAS/CAS Cycle 

Period 

a 

b 

c 

Guaranteed value of 
current consumption 

-----b 

Signal State 

RAS/CAS = inactive 

-------- ----- -----c b a 

Current Consumption 

Almost 0 

RAS/CAS = from inactive to active or vice versa Peak current 

RAS/CAS = inactive Slight 

When RAS changes from inactive to active state, the sense amplifier becomes active and hence current 

consumption is maximized at that instant (peak current). The guaranteed value indicates an average current 

consumption and hence the peak current may exceeds the guaranteed value. 

As RAS/CAS cycle becomes longer, the average current consumption becomes smaller. 
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12.2 Current Consumption Dependence on Power Supply Voltage 

Figure 12-2. Current Consumption - Power Supply Voltage Characteristics' 

Large 
·_···_·····,70 ·C 

·1 -- O·C 

§ 

~ 

~ 
Small 

Power supply voltage 

Current consumption decreases when the power supply voltage is reduced, and increases when the ambient 

temperature decreases. As ambient temperature decreases, resistance decreases and internal memory operation 

speeds up, resulting in increase in current consumption. The current consumption should be roughly estimated when 

the power supply voltage is higher (the worst case). 

12.3 Access Time Dependence on Power Supply Voltage 

Figure 12-3. Access TIme - Power Supply Voltage Characteristics 

Slow 
.. -._--, 70 ·C 

-- O·C 

Fast 

Low 
Power supply voltage 

High 

The access time is slower when the power supply voltage decreases, and is faster when the ambient temperature 

decreases. The access time should be roughly estimated when the power supply voltage is lower. 
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12.4 Current Consumption Dependence on RAS Cycle 

Figure 12·4. Current Consumption· Cycle Time Characteristics 

Large 

§ 
"K 
E 
::J 

'" c: 
8 
c 
~ 
'5 
u 

Small 

10" 

\ 
RAS pulse width = fixed 

1\ 
[\ 

i'--
100 10' 10' 

Cycle time 

The current consumption per unit time is reduced as the cycle time becomes slower. 

Figure 12·5. Average Current Consumption on Fixed RAS Pulse Width 

RAs pulse ~idth = fixed 

Average value of 
current consumption ,t?r········· ....................... __ ...................... __ . 

Average value of 
current consumption 

RAs pulse ~idth = fixed 

Fixing the RAS pulse width and increasing the cycle time result in increasing the RAS precharge time. As the 

RAS precharge time becomes longer. the inactive time of RAS is extended and hence the average current 

consumption is reduced. 
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12.5 Current Consumption Dependence on RAS Pulse Width 

Figure 12-6. Current Consumption - RAS Pulse Width Characteristics 

Large 
c o 
'R 
E 
" Ul 
c 
8 
c 
~ 
:; 
u 

Small 

10-' 

Cycle time = fixed 

1/ 

./" 
......... V 

~ 

10' 10' 
RAS pulse width 

As the RAS pulse width becomes longer, current consumption per unit time increases_ 

Figure 12-7. Average Current Consumption in Fixed Cycle Time 

CAS 

Average value of 
current consumption 

Average value of 
current consumption 

__ ~~_C~y~c_le_ti~~~e_=_f_ix_ed ______ __ 

Cycle ti~e = fixed 

Fixing the cycle time and increasing the RAS pulse width result in reduction in the RAS precharge time_ As the 

RAS pulse width is increased, the inactive time of RAS decreases and hence the average current consumption 

becomes larger. 
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12.6 Refresh Time Dependence on Ambient Temperature 
Figure 12-8 shows the duration for which a high level can be read, supposing that the high level has been written 

and no refresh operation is performed. 

Figure 12-8. Refresh Time - Ambient Temperature Characteristics 

10' 

". Vee = 5.5 V 

~" 
V,HN'L = 2.4 VlO.8 V 

.... 
'" 

"' ~ .s 
i 

:" .15 "-.1 CD 
103 E .;: 

..c: 
'" ~ , 
;; ,: 
a: 

10' i i 
-20 0 20 40 60 80 100 

Ambient temperature (0C) 

Remark The data were obtained by measurement using a sample extracted from a specific lot and do not 

indicate entire characteristics (they are not the assured values). Use them only for designing 

reference. 

As ambient temperature rises, the leak in the capacitor tends to increase. In Figure 12-8, all memory cells 

(16,777,216 cells for 16M DRAM) are targeted rather than only one memory cell. 

Therefore, the above figure indicates a point out of all memory cells where one or more data are destroyed. 

, 

II 
1 

551 



552 

CHAPTER 12 MAIN DRAM CHARACTERISTICS 

12.7 Soft Error Rate (SER) 

A memory can fail in the following two ways: 

(1) The memory itself (hard) breaks due to application of some kind of stress. 

(2) Data (soft) retained in the memory cell breaks. 

Generally, a memory failure is due to (2) above. 

Such a failure is called a soft error. Data are broken by alpha rays in the physical world. Data breakdown due to 

specification violation (anyone of specifications listed in the data sheet is violated) is not included in category 2. 

The soft error rate (SER) indicates the extent that data are broken under the above conditions and is normally 

expressed by FIT (Failure In Time). The FIT indicates the probability for failure per unit time, and 1 FIT is equal to 

1 x 10-9 failures/time. 

The FIT is a predicted value and varies depending on the memory usage conditions such as power supply voltage 

and access time and used environment such as ambient temperature. 

Figure 12-9. Power Supply - SER Characteristics (S.O-V device) 

10'E~~~~ tile = 220 ns 
tRAS = 120 ns 

10°L-----~------~----~----~------~----~ 
3.5 4.5 5.5 6.5 

Power supply voltage (V) 

Remark The data were obtained by measurement using a sample extracted from a specific lot and do not 

indicate entire characteristics (they are not the assured values). Use them only for designing 

reference. 
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Figure 12-10. Power Supply - SER Characteristics (3.3-V device) 
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Power supply voltage (V) 
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tRC = 220 ns 
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Remark The data were obtained by measurement using a sample extracted from a specific lot and do not 

indicate entire characteristics (they are not the assured values). Use them only for designing 

reference. 
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Figure 12-11. RAS Cycle Time - SER Characteristics IS.O-V device) 
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Figure 12-12. RAS Cycle Time - SER Characteristics 13.3-V device) 
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Remark The data were obtained by measurement using a sample extracted from a specific lot and do not 

indicate entire characteristics (they are not the assured values). Use them only for designing 

reference. 



APPENDIX A DRAM DATA COLLECTION 

The following shows the main characteristics of DRAM using 16M DRAM as an example. 

The data were obtained by measurement using a sample extracted from a specific lot and do not indicate entire 

characteristics (they are not the assured values). Use them only for designing reference. 

Normalization indicates the ratio of a value with a certain another value as 1.0. 

A.1 Current Consumption Dependence on Power Supply Voltage 

Figure A-1. Icc1-Vcc Characteristics (3.3-V device) 

1.6r---~.---r----.....,..--~-...,....---.-., 

• 
-- 0 °e, 25 °e, 85 °e 

, ........................... 1 .............. , ............ + ............ ;. ............. + ............................ 1 tRc:130ns 

~ 1.3 • /" ! . ~+-........ ..;-............ 1 

·'.i510· ~. & . ~ i pLI ............... ; ............... I ............. , ............. f ........... -+ ............ l 

§0.7r--~--r-~--t--~--+--~~ 
z 

• 

.. 0.4 '--------'---'---'---'----'----'---' 
2.7 3.0 3.3 3.6 3.9 

Power supply voltage Vee IV) 

555 

i 

I 

I 

I 



556 

APPENDIX A DRAM DATA COLLECTION 

Figure A-2. lea-Vee Characteristics (3.3-V device) 
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Remark Standby refers to the memory condition where no operation is possible (RAS/CAS inactive). Because. 

in the case of DRAM, refresh is required for retaining data. data cannot be retained in the standby mode. 

Figure A-3. 1CC3-VCC Characteristics (3.3-V device) 
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Figure A-4. ICC4-VCC Characteristics (3.3-V device) 
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Figure A-S.lccs-Vcc Characteristics (3.3-V device) 
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Figure A-6.1CC6-VCC Characteristics (3.3-V device) 
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Figure A-7. 1CC7-VCC Characteristics (3.3-V device) 
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Figure A-S. Icc1-Vee Characteristics (S.O-V device) 
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Figure A-9. 1CC2-Vee Characteristics (S.O-V device) 
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Remark Standby refers to the memory condition where no operation is possible (RAS/CAS inactive). Because, 

in the case of DRAM, refresh is required for retaining data, data cannot be retained in the standby mode. 
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Figure A-10. ICC3Ncc Characteristics 15.0-V device) 
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Figure A-11. ICC4-Vcc Characteristics 15.O-V device, fast page mode) 
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Figure A-12.ICC4-VcC Characteristics (S.O-V device, hyper page mode) 
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Figure A-13. lee5-Vee Characteristics (S.O-V device) 

c: 
~ 
'5 
u 

.<:: 
Ul 

~ 

2.0 r--""!'----,--~--..---'""-__r---r--, 

I .... · .. · .. ···i .............. + ........... ·+· .... ·· .. ··+ .. · ...... · .. i-· .... ·· .. · .. t· .. · .. ·· .... ·i· .......... .. 

~ 1.0~--~----t---~----+----+----+---~----~ 
0: 
co 
U 
." 

.§ 

'" E 
o z 

1 .......... · .. ·; .. · .... ·· .. · .. + .... · ...... · .. + ........ · .... 1· .. ·· .. · .. · .. , .. · ....................... , ........... .. 

O~-~-~-....I..--~~--~~~--~--~ 
4.0 4.5 5.0 5.5 6.0 

Power supply voltage Vee (V) 

-- 0 'C, 25 'C. 85 'C 

561 

I. 
I 

I 

I 



562 

APPENDIX A DRAM DATA COLLECTION 

Figure A-14. ICC6-Vcc Characteristics (5.O-V device) 
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Figure A-15.lcC7-VCC Characteristics (5.0-V device) 
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A.2 Access Time Dependence on Power Supply Voltage 

Figure A-16. Vcc-tRAcCharacteristics (3.3-V device) 
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Figure A-17. Vcc-tcAcCharacteristics (3.3-V device) 
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Figure A-18. Vcc-tAA Characteristics (3.3-V device) 

1.6r--r--"'-~---"'-""'!""-..,....-"'--r---;-..., 

--.--.~--.. --.. -.- .. ----.----~ .. -.-.-.. -. ----o---o··i--···_·_·_· .-...... -.. ~.-.-----.. ..... ---.-+------.. --

~ 1.4 r--+----,.!I---+, --f--+----t---+-, --t--+------I 

'~ :\ .. ;r:.:······· ........... L ................... ; ..................... ·f .................... i-........ .. 
g 1.2. : 
ctI " ...... ;: 

~ .... =~ .. -........ :.! .. .--.... ~ .... -.... -. ............ -_._-_ .. _-- -... ----.-~-.. --.-.-- --------_ . .,.... __ .-... . ., ,', .•... ' 

I'o~~~~~:± 
oO,S, ~'_ ' , 

z ........................................ ~::::: ... ::::::=;::::::::::r::::::::::F:::::::: 
0.6 

2.5 2,7 3.0 3.3 

Power supply voltage Vee (V) 

3.6 3.9 

--ooe 
-_.- 25°e 
" ... _ ...... S5°e 

Figure A-19. Vcc-tAcp Characteristics (3.3-V device) 
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FigureA-20. Vee-toEA Characteristics (3.3-V device) 
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Figure A·21. Vcc-tRAcCharacteristics (5.o-V device) 
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The 5.0-V operation devices of 16M DRAM all adopt an internal voltage-drop circuit. 

The internal yoltage-drop circuit causes the power supply voltage (5.0 V) supplied to the memory externally to 

be dropped inside the memory and 5.0-V operation devices also operate on 3.3 V inside the memory. Therefore. 

there is almost no difference between the current consumption of a 5.0-V operation device and that of a low-voltage 

operation device. The low-voltage operation device of 16M DRAM does not adopt any internal voltage-drop circuit. 
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Figure A-22. Vcc-tCAC Characteristics (S.O-V device) 
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Figure A-23. Vcc-tAA Characteristics (S.O-V device) 
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Figure A-24. Vcc-tAcp Characteristics (5.0-V device) 

1.6r----,----,------,----,----,---r-----. 
: ; ; 

Q) 
··------··---i------···---- ------------+._----------- _._.------_._+------------ ---------···-t-------------

e' 
~ 1.4r----+----~----+_--~----~----+---~----~ 
() 

~ c. .. ------- .. --.--------.--.- ···_-------.. r---··---··--- --.-.. --.---.~-.-.--.--.---. -------------r---··--···_--

I~ 1.2r----+----+----+----1----+----1---~----1 
E 

.,g --···_·------t---------·_-- .--.----.----~-.-----.----- -----_._-----+_ .... _------- -------------t-----_·_---_· 

.~ 1.0 ............. L............ . ........... 1.. ........................ 1... ........................ l ............ . 
~ 

~ :~,-.~:;;;:::::.:: ... :::::::::::::;:::::::::::::. ":::::::::::1=::::::::::' .::.::::::::::::::::::::::::: 
~ 1---====~~~F===~====9P====k====F====~===9 jM~ j 

-;;; j 
E ···························1·············+············-j--........... , ................ + .............. , ............. j 
~ j 

0.6 ....... --------''----'----'"---'----'---'----' 
4.0 4.5 5.0 5.5 6.0 

Power supply voltage Vee (V) 

---O·C 
_._.- 25·C 
··············85 ·C 

Figure A-25. Vee-tOEA Characteristics (5.O-V device) 
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A.3 Current Consumption Dependence on Cycle Time 

Figure A-26. Icc1-tRc Characteristics (S.O-V device) 
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Figure A-28. 1CC4-tPC Characteristics IS.O-V device) 

] 
~ 

'" ~2.0r-~--+-~~~--~-+~rr~~~--+1~H+H 
o \ 

~ 
E ........................... ~ .................................................. . 

:g, ·.l·'~ 
! \ ..... ~ 
.~ 1.0 t-1--tltt111t-";··~·· ::M~ml;;t;±tb11:m (6 I ....... 0r--- . ,__ . . 
§ 
o 
Z 

", ... 
.-_-... -.. " .. -... -.--. "._ .. --._--.. _--_._ ... - .... ::::=::::::::.::::::.:::::::!! 

~0'2 10" 10° 10' 

Page mode cycle time tpc (,us) 

--oDe 
_._.- 25 DC 
· .. · ........ ··85 DC 
Vee = 5.5V 

Figure A-29. 1CC4-tHPC Characteristics IS.O-V device) 

................ ~ ............................................................ . 

_u
" 1.6 \\\\ 
u \\ c ................. \~ ......................................................... . 
~ 1.3 00 

~ _._.e_."._. ____ ..•. 1 ... _______ .. ____ . ___ ._ .... ___ .. _____ . ____ .. ___ .. __ .. __ " 
'0 o 
E 1.0 1--1f-+--1f-tlm!+--+-++-++++++--+-++-++HH-I 
:g, 
~ ... _------_ .. _-_._----- .. ~.--... ---.--.... ---- .. -----.----.------.. -.----. 

] 0.7 •• ~~ 
~ .............................. ::~~~ .................................. . 

zO.4 "~ ". , ' .. 
~ ~::::::~: . 

Page mode cycle time tHpe (,us) 

--oDe 
_._.- 25 DC 
........ · .... ·85 DC 

Vee = 5.5 V 



APPENDIX A DRAM DATA COLLECTION 

Figure A-30. lCC6-tRc Characteristics (5.0-V device) 
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Figure A-32. 1CC3-tRAs Characteristics 13.3-V device) 
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Figure A-34. lCC6-tRAS Characteristics (S.O-V device) 
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A.4 Current Consumption Waveform 
When RAS is activated, the sense amplifier is also activated and hence current consumption is maximized at that 

instant (peak current). 

The data in Figures A-l through A-34 indicate the average current consumption. In reality, however, there is a 

current consumption peak, as shown in Figure A-35. 

Figure A-35. RAS/CAS Cycle Current Consumption Waveform 
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1. BASIC PRINCIPLES OF RELIABILITY/QUALITY CONTROL SYSTEM 
NEG's reliability/quality control of semiconductors is based on the thorough integration of the reliable management 

in market analysis, development and design of the products meeting users' needs, and manufacturing process design, 

on one hand, and, quality control in materials and parts supply, each and every manufacturing process, direct and 

reliable assurance of thorough examination and reliability test of the products, and shipment and after-sale service 

management, on the other. It is our pleasure and pride to serve our customers bestthrough a product-specific efficient 

management system to realize reliable quality and reasonable prices to the satisfaction of the users. 

As the semiconductor application fields expand and develop, the amount used in those areas is increasing 

tremendously. The needs of our customers for higher and higher product quality are inevitable results of the 

development of the electronic industry. 

To meet such users' needs, the NEG concentrates on the following three key points: 

(1) Master design of key aspects of the product characteristics 

(2) Quality control system built in the manufacturing process 

(3) Removal of fault products through inspection of the products 

The followings are our routine practices assure high quality products: 

(a) Standardized designing practices to built reliability in to the developed products. 

(b) Thorough examination of potential factors that may cause fault products at the design examination stage. 

(c) Exhaustive and thoroughgoing evaluation of the characteristics and reliability test of the test products. 

(d) Automated manufacturing equipment to reduce variability in the product quality. 

(e) Quality control at each and every manufacturing process meeting the process-specific requirements. 

(f) Built-in learning process to increase workers' awareness of the importance of the product quality through 

small group activities such as the ZD (Zero-defect) groups or QG circles. 

(g) Product-specific screening, inspection, and reliability tests. 

(h) Analysis of quality information, including the field data, and feed back/forward of the analysis results. 

Through these effective measures, we believe that NEG can satisfy users' needs for its high quality products. 

It is not, however, the end of our efforts: we still try our best to improve the quality of our products. 

Figure 1 diagrammatically describes, our quality (Q) and reliability (R) control. 
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2. MANUFACTURING PROCESS QUALITY CONTROL 
NEC manufactures and sells its semiconductor products under the management policy of "Reliability Quality 

Control" based on an accurate understanding of customers' needs and operating conditions realized in the product 

designs. 

To secure the intended reliability and quality in the product design, possible causes of off-grade products in the 

manufacturing processes must be eliminated in each step of the production line through qualified manufacturing 

management. 

For the purpose, we carefully control the quality of the parts, materials and related goods, manufacturing equipment 

and environment. In addition, inspection processes are inserted in the manufacturing process to check the semifinal­

final products by referring to key control items at proper sampling frequency. 

The above-described quality control system is explained in detail referring to the flow chart Fig. 2 - Fig. 6. 

The following is a brief explanation of the material/parts control system. 

First, parts, materials, chemicals, highly pure gases, and other related goods are purchased from specific 

manufacturers authorized by NEC. 

The results of the inspection are monitored and, when necessary, corrective measures are requested to the 

identified suppliers or the plants are audited by the purchase division to maintain quality of the purchased items. 



Fig. 2 Manufacturing Process Control Flow Chart: 

Example of Plastic Molded DIP, SOP, SOJ and QFJ (PLCC) 

Process Control Item Control Purpose 
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1 1 
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1 AI thickness Securing film thickness I Reception Inspection Metallization I AI 
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(all pieces) electrical characteristics 
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Fig. 3 Manufacturing Process Control Flow Chart: 

Example of Plastic Molded QFP and TSOP 

Process Control Item Control Purpose 
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Fig. 4 Manufacturing Process Control Flow Chart: 

Example of PPGA 

Process Control Item Control Purpose 
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Fig. 5 Manufacturing Process Control Flow Chart: 

Example of Ceramic DIP (CERDIP) 

Process Control Item Control Purpose 
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AI thickness Securing film thickness I Reception Inspection Metallization I AI Appearance Etching quality evaluation 

• I Wafer sorting I Electrical characteristics Elimination of off-grade 

+ 

(all pieces) electrical characteristics 
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Fig. 6 Manufacturing Process Control Flow Chart: 

Example of Ceramic DIP (SEAM WELD). Ceramic QFN (LCC). and Ceramic PGA 
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3. RELIABILITY TEST 
NEC's reliability test is conducted periodically, considering various standards such as JIS C 7022, MIL-STO-

883, and other standards. 

The following, section 3.1 describes an example of the reliability test, and section 3.2, fault evaluation criteria in 

the reliability test. 



3.1 DESCRIPTION OF THE RELIABILITY TEST 

Reliability Test: Example of Plastic Packages 

Sample Equipment Test Method 
Test Item Test Condition Size JIS C 7022 MIL-STD-883 

Resistance to Soldering Soak the product in melted solder at 260 ±5 °C with 18 A-I -
Heafl no flux from 10 seconds. 1.6 ±0.8 mm deep from Condition A 

the product or its tab-stud. 

Temperature Cycle Soak the product in a low temperature (T", min.) A-4 1010 

bath for 30 minutes then another 30 minutes in a Condition C 

high-temperature (T,t, max.) bath. Repeat this 

cycle 10 times. 

Thermal Shock Soak the product in a prescribed liquid at 100 °C A-3 1011 

for at least 5 minutes. Then, within 10 seconds, Condition A Condition A 

soak it in a prescribed liquid at a °C for at least 5 Method II 

minutes. Repeat this cycle 15 times. 

Solderability Soak the device in noncorrosive flux up to 1.27 mm 5 A-2 2003 

deep from the product for 5 to 10 seconds then in 

flux of melt solder at 230 ±5 °C with a soaking 

speed of 25.4 ±6.3 mm/s, again up to 1.27 mm 

deep from the device for 5 seconds. Wash away 

the flux in alcohol and examine the soldered area of 

the device. 

Terminal Bending'l Apply a weighf2 to the lead of the product in a 5 - 2004 

Strength vertical direction of the axis of the lead without Condition 

causing twist in it until the lead bends by 90 B2 

degrees, then release it. Repeat this operation 

three times. Apply this operation separately to 3 

randomly chosen terminals. 

High-Temperature Conduct the left test in an environment atmosphere 18 B-3 1008 
Storage at 150 °C for toOO hours. 

High-Temperature Bias In an environmental atmosphere at 125 °C, apply 24 B-1 1005 

the upper limit supply voltage of the recommended Condition 

operating conditions for 1000 hours to conduct the A,B, and C 
bias life test. 

High-Temperature/ Conduct the life test in an atmosphere with relative 26 B-5 -
Humidity Storage humidity of 85 % at temperature of 85 °C for toOO Condition B 

hours. 

PCT Expose the device to vapor having a pressure of 18 - -
2.3 x 105 Pa (2.3 barometric pressure) in an 
atmosphere at 125 °C for 96 hours. 

*1) PLCC is not subjected to this test. 

*2) The DIP and PPGA weight 250 grams; the SOP, QFP and QUIP weight 125 grams each. 

587 



588 

Reliability Test: Example of Ceramic Packages 

Sample Equipment Test Method 
Test Item Test Condition Size JIS C 7022 

Resistance to Soldering Soak the product in melted solder at 260 ±5 'c with 18 A-l 
Heat'3 no flux from 10 seconds. 1.6 ±0.8 mm deep from Condition A 

the product or its tab-stud. 

Temperature Cycle Soak the product in a Jow temperature (T". min.) A-4 

bath for 30 minutes, then another 30 minutes in a 

high-temperature (T.to max.) bath. Repeat this 

cycle 10 times. 

Thermal Shock Soak the product in a prescribed liquid at 100 'c A-3 

for at least 5 minutes. Then, within 10 seconds, Condition A 

soak it in a prescribed liquid at 0 'c for at least 5 Method II 

minutes. Repeat this cycle 15 times. 

Variable Frequency Fix the product on a vibrator and apply sine wave 18 A-l0 

Oscillation oscillation in the X, Y, and Z directions that 

logarithmically changes in the range between 10 to 

2000, then 2000 to 10Hz in 4 minutes, with a peak 

acceleration of 20 G. 

Mechanical Shock Mount the product on a shock tester and subject it A-7 

to a shock of 1500 G (500 G'1) in acceleration and Condition F, D 

0.5 ms in the pulse width, in the X, Y, and Z 

directions 3 times each. 

Constant Acceleration Fix the product on the tester and subject it to a A-9 

centrifugal acceleration of 20000 G (5000 G'2) is Condition C, A 

applied in the X, Y, and Z directions for 1 minute in 

each. 

Solderability Soak the device in noncorrosive flux up to 1.27 mm 5 A-2 

deep from the product for 5 to 10 seconds, then in 

flux of melted solder at 230 ±5 'C at a soaking 

speed of 25.4 ±6.3 mm/s, again up to 1.27 mm 

deep from the device for 5 seconds. Wash away 

the flux in alcohol and examine the soldered area of 

the device. 

Terminal Bending'3 Apply a prescribed weight to the lead of the product 5 -
Strength in a vertical direction of the axis of the lead without 

causing twist in it until the lead bends by 90 ±5 

degrees, then release it. Repeat this three times. 

Apply this separately to 3 randomly chosen 

terminals. 

High-Temperature Conduct the life test in an environmental 18 B-3 

Storage atmosphere at 150 'c for 1000 hours. 

High-Temperature Bias In an environmental atmosphere at 125 'c, apply 24 B-1 

the upper limit supply voltage of the recommended 

operating conditions for 1000 hours to conduct the 

bias life test. 

*1) Glass-windowed products. *2) Glass-windowed products and products with heat sink. 

*3) The LCC is not subjected to this test. 

MIL-STD-883 

-

1010 

Condition C 

1011 

Condition A 

2007 

Condition A 

2002 

Condition B, A 

2001 

Condition A 

2003 

2004 

Condition 

B2 

1008 

1005 

Condition 

A,B, and C 



3.2 FAULT EVALUATION CRITERIA IN RELIABILITY TEST 

Example of Plastic Package Product 

Testing Item Fault Evaluation Criterion 

Resistance to Soldering Heat' Within tolerance of the electrical characteristics 

Temperature Cycle 

Thermal Shock' 

High-Temperature Storage 

High-Temperature Bias 

High-Temperature/Humidity/Storage 

PCT 

Terminal Strength (Bending)' Lead appearance 1 No breaking/Loosening 

Solderability Lead appearance I Above 95 % Solder Coverage of Tested Surface 

'The PLCC is not subjected to this test. 

Example of Ceramic Package Product 

Testing Item Fault Evaluation Criterion 

Resistance to Soldering Heat' Within tolerance of the electrical characteristics 

Temperature Cycle 

Thermal Shock 

Variable Frequency Oscillation 

Mechanical Shock I 

Constant Acceleration 

High-Temperature Storage 

High-Temperature Bias 

Terminal Strength (Bending)' Lead appearance I No breaking/Loosening 

Solderability Lead appearance I Above 95 % Solder Coverage of Tested Surface 

'The LCC is not subjected to this test. 
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