






























































































































































































































































































































































































































































































































































































































































































































































































MITSUBISHI LSls 

M58657P 

1400-BIT (IOO-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM 

PIN DESCRIPTION 

Pin Name 

1/0 I/O 

VM Test 

VSS ChIp substrate voltage 

VGG Power supply voltage 

CLK CIOCIe mllU! 

C,-C3 Mode control input 

VGND Ground voltage 

OPERATION MODES 

C, C2 C3 

H H H 

H H L 

H L H 

H L L 

L H H 

L H L 

L L H 

LI L L 

7-10 

Functions 

In the accept address and accept data modes. used for input. 

In the shift data output mode. used for output. 
In the standby, read. erase and write modes. thIs pm IS in a floating state 

Used for testing purposes only It should be left unconnected during normal operatron. 

Normally connected to+5V 

Normally connected to -30V 

14kHz tlmmg reference RequIred for all operating modes High-level Input IS possible dunng standby mode 

Used to select the operation mode. 

Connected to ground (OV) 

Functions 

Standby mode: The contents of the address registers and {he data register remain unchanged The output buffer IS held 

in the floatIng state 

Not used. 

Erase mode The word stored at the addressed locatIon IS erased The data bits after eraSing are all low-level 

Accept address mode Data presented at the I/O pin IS shifted into the address registers one bit with each clock pulse The 

address is deSignated by two one-of-ten-coded digits 

Read mode: Ttle addressed word is read from the memory into the data register 

Shift data output mode· The output driver is enabled and the contents of the data register are shifted to the I/O pin one bit 

with each clock pulse. 

Write mode: The data contaIned in the data register IS written into the location designated by the address registers 

Accept data mode: The data register accepts senal data from the I/O pin one bit with each clock pulse 

registers remain unchanged 

• MITSUBISHI 
..... ELECTRIC 
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MITSUBISHI LSls 

M58657P 

1400-BIT (IOO-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

VGG Supply voltage 

V, Input voltage With respect to Vss 

Va Output voltage 

Tstg Storage temperature range 

Topr Operating free-air temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta = - 10 -70'C unless otherwise noted) 

limIts 
Symbol Parameter Unit 

Mm Nom Max 

VOO-VSS Supply voltage -32.2 -35 -37.8 V 

VSS-VONO Supply voltage 4.75 5 6 V 

V,H High-level Input voltage VSS-l Vss+0.3 V 

V,L Low-level Input voltage Vss-6.5 Vss-4.25 V 

lImits Unit 

0.3- -40 V 

0.3- -20 V 

0.3- -20 V 

-40-125 'C 

-10-70 'C 

Note 1: 
The order of VSS VGG with on or off. 
With on, VGG is turned on after VSS is done, 
With off, VSS is turned off after VGG is done. 

ELECTRICAL CHARACTERISTICS (Ta = -10-70'C VGG-VSS = -35V + 8 % VSS-VGNO =5V :::2~~. unless otherWise noted) -

Limits 

Symbol Parameter Test conditions 
Min Typ Max 

--
V,H High-level Input voltage VsS-l Vss +0.3 

V,L Low-level Input voltage Vss-6.5 VSS-4.25 

I,L Low-level Input current V,-VSS= -6 .5V ± 10 

IOZL Off-state output curren\. low· level voltage applied VO-Vss=-6.5V ± 10 

VOH High-level output voltage 10H = - 200"A VSS-l 

VOL low-level output voltage 10L ~ 10"A VGNo+0.5 

IGG Supply current from VGG 10 -;O"A 5.5 8.8 

Note 2: TYPical values are at Ta~25 C and nominal supply voltage 

TIMING REQUIREMENTS (Ta= -10-70'C, VGG-Vss= -35V ± 8 %, VSS-VGNO= 5V::: 250~. unless otherwise noted) 

Alternative 
Symbol Parameter 

symbols 
Test conditions 

M'n 

f(¢) Clock frequency f¢ 10 

D(¢) Clock duty cycle D<P 30 

twlW) Wnte time tw 16 

twlU Erase time te 16 

tr tf Risetlme. fall,tlme tr, tt 

tsu(c-¢) Control setup time before the fall of the clock pulse tcs 0 

th(¢-c) Control hold time after the rise of the clock pulse tCH 0 

SWITCHING CHARACTERISTICS (Ta= -10-70'C VOG = -35V+ 8 % unless otherwise noted) -

Symbol Parameter 

ta(c) Read access time 

ts Unpowered nonvolatile data retention time 

NEW Number of erase/write cycles 

NRA Number of read access unrefreshed 

tdv Data valid time 

Alternative 

symbols 
Test conditions 

tpw CL = 100pF 
VaH~Vss-2V 

VOL ~VGND+l.5V 

Ts NEW= 104 
twlw)=20ms 

tw IE) =20ms 

Ts NEW= 105 
twlw) =20ms 

twlE) =20ms 

Nw 

NRA 

tpw 

• MITSUBISHI 
~ELECTRIC 

Min 

10 

1 

105 

109 

limits 

Typ Max 

14 17 

50 55 

20 24 

20 24 

1 

limits 

Typ Max 

20 

20 

Unit 

V 

V 

"A 

"A 

V 

V 

mA 

Unit 

kHz 

% 

ms 

ms 

"s 

ns 

ns 

Unit 

"S 

Year 

Year 

Times 

Times 

"s 
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M58657P 

1400-BIT (IOO-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM 

TIMING DIAGRAM 

Accept Data Mode 

CLK 

I/o "L.J _________________ U _________________ _ 

Note 3: The address is designated by two one-of-ten-coded digits The figure shows 
designation of the address 99. 

Read Mode 

CLK 

1 CLOCK CYCLE 

Write Mode 

CLK Jl.J1JlJ"lMIUl 
C, ~.~, ---II 

:: If+------E -'----'.-t:;(W) ~r 
Erase Mode 

CLK Jl.J1JlJ"lMIUl 

C21 
0 I 

IE 
n 

.1 C3 tW(E) 

7-12 

Shift Data Output Mode 

CLK 

C, 

I/O 

talc) 

14 CLOCK CYCLES 

Accept Data Mode 

CLK JlfUlJUU1J1JlJlf1.flJlJL 
C, I~ ___ --I""I-__ ~I 
C21 r--

L...... ----IIt---l 

c31 I~ 

I/O !--I __ --I:I:_~I 
10: 14 CLOCK CYCLES ."I 

• MITSUBISHI 
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MS8657P 

l400-BIT (100-WORD BY l4-BIT) ELECTRICALLY ALTERABLE ROM 

• The difinition of clock duty cycle, D (</» 

I I I 
IE 

I~ T(L) 

:1 T(¢) 

• Timing of data input and mode control inputs 
Mode control inputs, C1 , C2 , C3 and input signal my 
change, when clock is 'H' level. 

CLOCK 

D(0)=T(U/ T (¢) 

MAY CONTROL LINES C 
CHANGE STABLE 

__ --J ":-__ -'':-_____ -' 

INPUT 
(ADDRESS/DATA) 

• Timing of data output 

CLOCK 

C, 

C2 

C3 

DATA 
(OUTPUT) 

ADDRESS DR DATA 
STABLE 

The 1 st bit of output data is output after access time of 
talC) from the mode control transition. And other bits are 
output after talC) from positive edge of clock. 

H 

n 

\~ 

• MITSUBISHI 
..... ELECTRIC 
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M58657P 

1400-BIT(100-WORDBY 14-BIT) ELECTRICALLY ALTERABLE ROM 

• Operating sequential flow 

7-14 

(a) Read Sequence (b) Erase/write Sequence 

STANDBY MOOE IWITH CLOCK) STANDBY MODE IWITH CLOCK) 

ACCEPT ADDRESS MODE 120 CLOCK} ACCEPT ADDRESS MODE 120 CLOCK) 

STANDBY MODE IWITH CLOCK) 

STANDBY MODE IWITH CLOCK) 

SHIFT DATA OUT MODE 114 CLOCK} 

STANDBY MODE IWITH CLOCK) 

'MITSUBISHI 
.... ELECTRIC 

STANDBY MODE IWITH CLOCK) 

STANDBY MODE IWITH CLOCK) 

ACCEPT DATA MODE 114 CLOCK) 

STANDBY MODE IWITH CLOCK) 

STANDBY MODE IWITH CLOCK) 
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M58658P 

320-BIT (20-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

DESCRIPTION 

The M58658P is a serial input/output 320 bit electrically 
erasable and reprogrammable ROM organized as 20 words 
of 16 bits, and fabricated using MNOS technology, Data 

and addresses are transferred serially via a one-bit bidirec­

tional bus_ 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Word-by-word electrically alterable 
• Non-volatile data storage __ , ______ ,10 years (min) 
• Write/erase time, , ____ , __ , ______ 20ms, word 

• Typical power supply voltages ___ , __ ,-30V, +5V 

• Number of erase-write cycles, ______ 105 times (min) 

• Number of read 'access unrefreshed_ , _109 times (min) 

• 5V I/O interface 

APPLICATION 
• Non-volatile channel memories for electronic tuning 

systems and field-reprogrammable read-only memory 

systems 

FUNCTION 
The address is designated by two consecutive one-of-four 
coded' digits_ Eight modes-accept address, AD accept 

address, accept data, shift data output, erase, write, read, 
and standby-are all selected by a 3-bit code applied to C1 , 

C2 , and C3, Data is stored by internal negative writing 

pulses that selectively tunnel charges into the Si0 2 -Si3 N4 
interface of the gate insulators of the MNOS memory 
transistors, 

BLOCK DIAGRAM 

15VI Vss 

(-30VI VGG 

NC 

cs 

NC 

CLOCK INPUT ClK _ 

MODE CONTROL 
INPUT 

C,-

VMINC) 

(OV) VONO 

DATA INPUT; 

OUTPUT 

NC 

NC 

~C3 

} MODE CONTRO 
INPUTS 

-C2 

Outline 14P4 NC: NO CONNECTION 

I
-··--~·---, 

I Vss(5V) 

2 VoGi-30V) 

MEMORY 
TRANSISTOR 

ARRAY 
(IOO·WORD BY 

14·81TI 

READ 

WRITE 

ERASE 

• MITSUBISHI 
"ELECTRIC 

Cll C2 MODE CONTROL INPUTS 

C3 

CHIP SELECT 

6 ClK CLOCK INPUT 
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M58658P 

320~BIT (20-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

PIN DESCRIPTION 

Pin Name Functions 

In the accept address AD accept address and accept data modes, used for input. 

1/0 110 In'the shift data output mode. used for output 
In the standby, read. erase and write modes, this pin is in a floattng state 

VM Test Used for testing purposes only It should be left unconnected during normal operation 

VSS Chip substrate voltage Normally connected to+5V 
--

VOO Power supply voltage Normally connected to -30V 

CLK Clock input Required for all operating modes, when CS is low. 

C,-C3 Mode control input Used to select the operation mode 

VOND Ground voltage Connected to ground (OV) 

CS Chip select Used for chip selection in "L" 

OPERATION MODES 

C, C2 C3 Functions 

H H H 
Standby mode The contents of the address registers and the data register remam unchanged The output buffer IS held 

in the floating state 

Additional data (AD) accept address: Data presented at the liD pin is shifted into the AD address registers one bit 

H H L with each clock pulse. The address is designated by two one-of-four coded digits. 4-word address is assigned in this 
mode. 

H L H Erase mode The word stored at the addressed location IS erased The data bits after erasing are all low· level 

H L L 
Accept address mode Data presented at the I/O pin is shifted into the address registers one bit with each clock pulse The 

address is"designated by two one-of-four-coded digits. 16-word address is assigned in this mode. 

L H H Read mode: Tile addressed word is read from the memory into the data register 

L H L 
Shift data output mode The output driver is enabled and the contents of the data register are shifted to the 1/0 pin one bit 

with each clock pulse. 

L L H Write mode The data contained in the data register is wntten into the location designated by the address registers 

L L L 
Accept data mode: The data register accepts senal data from the 1/0 pin one bit with each clock pulse The address 

registers remain unchanged ' 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

VOO Supply voltage 

V, Input VOltage With respect to Vss 

Vo Output voltage 

Tstg Storage temperature range 

Topr Operating free·alt temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta - - 10-70"(; unless otherWise noted I -

Symbol Parameter 

VGO-VSS Supply voltage 

VSS-VOND Supply voltage 

V,H High-level Input voltage 

V,L Low·level Input voltage 

7-16 

Limits 

Min Nom Max 

-32.2 -35 -37.8 

4.75 5 6 

VSS-1 Vss+O.3 

Vss-6.5 VsS-4.25 

• MITSUBISHI 
.... ELECTRIC 

Unit 

V 

V 

V 

V 

Limits Unit 

0.3- -40 V 

0.3- -20 V 

0.3- -20 V 

- 40- 125 "(; 

-10-70 "(; 



MITSUBISHI LSls 

M58658P 

320-BIT (20-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

+20% 
ELECTRICAL CHARACTERISTICS ITa = - 10 -70"(;. VGG-VSS = -35V ± 8 %, Vss VGNO =5V - 5 % unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

V,H High-level input voltage Vss -1 Vss +0.3 

V,L Low-level input voltage Vss-6.S Vss-4.25 

I,L Low-level input current eLK, C1, C2, C3, I/O VI- V ss=-6.5V -10 +10 

R, Input pull-up resistance, CS 30 

IOZL Off-state output current, low-level voltage applied VO-VSS = -6.5V -10 +10 

VOH High-level output voltage IOH = - 200" A Vss -1 

VOL Low-level output voltage IOL = 10"A VOND+O.S 

lOG Supply current from VGG 10 = O"A 5.5 8.8 
0 

Note1: TYPical values are at Ta '" 25 C and VGG-VSS = -35V 

+20% 
TIMING REQUIREMENTS I Ta= - 10 -70"(;. VGG-VSS= - 35V ± 8 %, Vss- VGNO= 5V - 5 %. unless otherwise noted) 

Symbol Parameter Test conditions 
Min 

TLI¢) Negative clock pulse width 30 

TH(¢) Positive clock pulse width 33 

T(¢) Clock period 

tw Write time 16 

tE Erase time 16 

t r , tf Risetime, fall time 

tsu Control setup time before the fall of the clock pulse 1 
1-----

th Control hold time after the rise of the clock pulse 0 

tss Clock control setup time before the fall of CS 1 

ths Clock control hold time after the rise of CS 1 

SWITCHING CHARACTERISTICS ITa = - 10 -70"(; VGO ~ - 35V + 8 % unless otherwise noted) -

Symbol Parameter 

ta(e) Read access time 

ts Unpowered nonvolatile data retention time 

NEW Number 01 erase/write cycles 

NAA Number of read access unrelreshed 

tdv Data valid time 

Alternative Test conditions 
symbols 

CL ~ 100pF 
VOH=Vss-2V 

tpw 
VOL = VOND + 1 

Ts NEW= 10' 
twew)=20ms 

tw eE) =20 ms 

TS NEW= 105 . 
twew) =20ms 

tweE) =20ms 

Nw 

NAA 

tpw 

• MITSUBISHI 
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.5V 

Min 

10 

1 

105 

109 

Limits 

Typ Max 

300 

20 24 

20 24 

1 
-

Limits 

Typ Max 

20 

20 

Unit 

V 

V 

"A 

kQ 

"A 

V 

V 

mA 

Unit 

,,5 
,,5 
,,5 
ms 

ms 

,,5 
f.J.s 

,,5 
,,5 
,,5 

Unit 

,,5 

Year 

Year 

Times 

Times 

,,5 
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M58658P 

320-BIT (20-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

TIMING DIAGRAM 

Accept Address Mode (8 clock) CS L 

CLOCK 
H 

L 

I/O 

H 

L 

H 

L 

H 
L 

H 

L 

~~ __________________ ~r--
I I 
----~ 

I A30 I A20 I AlO I Aoo AI I Ao I 
I MOST SIGNIFICANT DIGIT I LEAST SIGNIFICANT DIGIT I 

EO: ,;: Eo ~ 

Note 2' The addresses from Aoo to AJ) are designated by two one-af-four coded digits. The above figure shows 

designation of address An (decimal address 15). 

AD Accept Address Mode (8 clock) CS L 

7-18 

CLOCK ~ 

I/O 

H 
L 

H 
L 

H 

L 

H 

L 

~~------------------~~ 

Ao 

MOST SIGNIFICANT DIGIT LEAST SIGNIFICANT DIGIT 

Note 3: In the AD accept address mode, the higher four are set high, and the lower four digits are designated 
by one of the four coded digits. This address mode allows designation of addresses from Ao to A). 
Each address has a 16 bits. The above figure shows designation of address A 3 . 

• MITSUBISHI 
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M58658P 

320-BIT (20-WORD BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

Erase Mode CS : L 

H ~~ CLOCK 
L 

H II C, 
L 

C2 
H 

L I II I 
H I~ C3 
L l~ ~I Te 

Write Mode cs: L 

H ~1.JLn.n CLOCK L 

~I 

Read Mode (1 clock) CS: L 

H 

ruLJlJ CLOCK 
L 

C, 
H L-.r-L 

H C2 
L 

H 
C3 L 

Accept Data (16 clock) 

CLOCK 
H 

L 

C, 
H -, 
L 

C2 
H I L 

C3 H 

I L 

I/O 
H I L 

IE 

CS: L 

tl 

It 

(t 

: 
16 CLOCK CYCLE 

• MITSUBISHI 
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I 
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M58658P 

320-BIT (20-WORD·BY 16-BIT) ELECTRICALLY ALTERABLE ROM 

Shift Data Output Mode (16 clock) CS: L 

/ 1 / 2 / I 4 1------/ 11 I 12 I 13 / 14 I 15 I 16 I 
CLOCK H 

L 

Cl H 
L 

C2 H 
L 

C3 
H 
L 

~~----------~I--------------------~r--
I i 

~+_--------~~~--~--------~r--
I/O H 

L 

Timing of clock, C1 , CZ , C3 , and data input 

H 
CLOCK 

L 

H 

AND DATA 
FIXED DATA AND MODE 

INPUT L 

Note 4: C 1 - C3 and accept data (AD accept data) are interchnageable while the clock is set high. 

Timing of clock, C1 , CZ , C3 , and data input 

7-20 

CLOCK 
H 

L 

H 

L 

SHIFT DATA 
OUTPUT 

/ \~_;I 

SHIFT DATA OUTPUT MODE 

----j- '-f---
ta 
__ ' BIT_--+--, 

. • . MtTSUBISHI 
"ELECTRIC 

\~---J/ 

2 BITS 
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M58658P 

320·BIT (20.WORD BY IS.BIT) ELECTRICALLY ALTERABLE ROM 

Operation flowchart 

Rewriting flowchart 

07TU'Li1i ~ CLK 

ACCEPTiADDRESS 
lAD ACCE~T ADDRESS) 1/11 //1/ A STANDBY x 

I/O j t=tss ( ADDR~S DATA ) 

CS 

CLK -.IV 

I/O 

Note 5: One or more clock are required for standby between modes. 
6: Set CS to the low level after the lapse of tss and elK has been set high and C1 - C) have been set to 

the standby mode. 
7: Keep elK to the high level and C 1 - C, to "standby" from the time when CS is set high to the lapse 

of ths. 

Read Flowchart 

CS 

WZlJiI/~ CLK 

Cl-C3 JJii §i21i.i1 
I/O j 

I 

I LJl.JL.JLf 
STANDBY X 

k." ( 

ACCEPTliADDRESS 
lAD ACCEPT ADDRESS) , 
ADDREJ~ DATA 

~ 

• MlTSUBISHI 
..... ELECTRIC 

STANDBY 

) 

SHIFT DATA OUTPUTJ-­
~-----!J--

( DATA OUTPUT ~ 
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M58658P 

320·BIT(20·WORD BY 16·BIT) ELECTRICALLY ALTERABLE ROM 

Power-on/off Conditions 
With power-on, VGG is applied after Vss has been applied. 
With power-off, VSS is cut after VGG has been cut. For 
power-on and off, hold CS in Vss or floating state. The re­
commended timing chart for power-on and off is as follows. 

>j 5L 
I~ oL~ • t 

~I ~~~~--~----------------------------~~------------------~--~~~ -:: 

7-22 
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MSG1400P A 
~~ II U lAOO-BIT (lOO-WORO BY lA-BIT) ELECTRICALLY ALTERABLE ROM 

DESCRIPTION 
PIN CONFIGURATION (TOP VIEW) 

The M5G 1400P is a serial input/output 1400-bit electri­

cally erasable and reprogrammable ROM organized as 100 
words of 14 bits, and fabricated using MNOS technology. 
Data and addresses are transferred serially via a one-bit 
bidirectional bus. 

(OV) VSS VM(NC) 

FEATURES 
• Word-by-word electrically alterable 
• Non-volatile data storage: •..•.•••....•. .-. 10 years (min) 
• Write/erase time: ............................. 20ms/word 

• Single 35V power supply 
• Number of erase-write cycles: .••••••..••• 105 times (min) 

• Number of read access unrefreshed:····l0· times (min) 
• Interchangeable with Gl's ER1400 in pin configuration 

and electrical characteristics 

( -35V) VGG 

NC 

NC 

NC 

CLOCK INPUT CLK_ 

MODE CONTROL C,-
INPUT 

NC 

DATA INPUT/ 

OUTPUT 

NC 

NC 

+-C3 
\ MODE CONTROL 

+-C2 
IINPUTS 

APPLICATION Outline 14P4 NC: NO CONNECTION 

• Non-volatile channel memories for electronic tuning 
systems and field-reprogrammable read-only memory 
systems 

FUNCTION 
The address is designated by two consecutive one-of-ten­
coded digits. Seven modes-accept address, accept data, 

shift data output, erase, write, read, and standby-are 

all selected by a 3-bit code applied to C" C2 , and C3 . Data 

is stored by internal negative writing pulses that selec­
tively tunne.1 charges into the Si02-Si 3N4 interface of the 

gate insulators of the MNOS memory transistors: 

BLOCK DIAGRAM 1----------, 
I 1 VSs(OV) 

MEMORY 
TRANSISTOR 

ARRAY 
!lOO-WORD BY 

14-BIT} 

READ 

WRITE 

ERASE 

• MITSUBISHI 
.... ELECTRIC 

e l
] e2 MODE CONTROL INPUTS 

e3 

6 eLK CLOCK INPUT 
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MSG1400P 

1400·BIT (IOO·WORD BY 14.BIT) ELECTRICALLY ALTERABLE ROM 

PIN DESCRIPTION 

Pin Name 

I/O I/O 

VM Test 

VSS Chip substrate voltage 

Vaa Power supply voltage 

eLK Clock input 

0,-03 Mode control input 

OPERATION MODES 

01 02 03 

H H H 

H H L 

H L H 

H L L 

L H H 

L H L 

L L H 

L L L 

7-24 

Functions 

In the accept address and accept data modes, used for input 
In the shift data output mode. used for output 

In the standby, read, erase and write modes, this pin is in a floating state. 

Used for testing purposes only It should be left unconnected during norma,' operation. 

Normally connected to ground. 

Normally connected to -35V. 

14kHz timing reference. Required for all operating modes. High-level input is possible during standby mode. 

Used to select the operation mode. 

Functions 

Standby mode" The contents of the address registers and the data register remain unchanged The output buffer is held 

in the floating state 

Not used 

Erase mode: The word stored at the addressed location is erased The data bits after erasing are all low-level. 

Accept address mode Data presented at the ilO pin is shifted into the address registers one bit with each clock pulse The 
address is designated by two one-of-ten-coded digits. 

Read mode: The addressed word is read from the memory into the data register 

Shift data output mode: The output driver is enabled and the contents of the data register are shifted to the I/O pin one bit 

with each clock pulse. 

Write mode: The data contained in the data register is written into the location designated by the address registers. 

Accept data mode: The data register accepts serial data from the I/O pin one bit with each clock pulse. 

registers remain unchanged. 

• . MITSUBISHI' 
.... ELECTRIC 
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MSG 1400P 

l400-BIT (lOO-WORD BY l4-BIT) ELECTRICALLY ALTERABLE ROM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

VGG Supply voltage 

V, Input voltage With respect to V ss 

Vo Output voltage 

Tstg Storage temperature range 

Topr Operating free-alT temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta= -10-70"C unless otherwise noted I 

limits 
Symbol Parameter Unit 

Min Nom Max 

VGG Supply voltage -32.2 -35 -37.8 V 

Vss Supply voltage (GND) 0 V 

V,H High-level Input voltage Vss-l Vss+0.3 V 

V,L Low-level Input voltage Vss -15 VsS-8 V 

Limits Unit 

0.3- -40 V 

0.3- -20 V 

0.3- -20 V 

-65-150 "C 

-10-70 "C 

Note 1: 
The order of Vss VGG with on or off. 
With on, VGe IS turned on after Vss IS done. 
With off, Vss is turned off after VGG is done. 

ELECTRICAL CHARACTERISTICS (Ta= -10-70"C. VGG = -35V+ 8 %. unless otherwise noted I -

Symbol Parameter Test conditions 
Min 

V,H High-level input voltage VSS-l 

V,L Low-level Input voltage Vss -15 

I,L Low-level Input current V,=-15V 

IOZL Off-state output current. low-level voltage applied VO=-15V 

VOH High-level output voltage 10H = -200pA VSS-l 

VOL Low-level output voltage IOL=10pA 

IGG Supply current from V GG IO=OpA 

Note 2: TYPical values are at Ta=25°C and nominal supply voltage. 

TIMING REQUIREMENTS (Ta=-10-70"C VGG=-35V+ 8% unless otherwise noted I -

Alternative 
Symbol Parameter 

symbols 
Test conditions 

Min 

f(¢) Clock frequency f¢ 11. 2 

D(¢) Clock duty cycle D¢ 30 

tw(w) Write time tw 16 

tW(E) Erase time te 16 

tr. 11 Risetime, falltlme tr. tl 

tsu(o- ¢) Control setup time before the fall of the clock pulse tos 0 

th( ¢-e) Control hold time after the rise of the clack pulse tCH 0 

SWITCHING CHARACTERISTICS (Ta= -10-70"C VGG=-35V+ 8 % unless otherwise noted) -

Symbol Parameter 

ta(e) Read access time 

ts Un powered nonvolatile data retention time 

NEW Number of erase/write cycles 

NRA Number of read access unrefreshed 

tdv Data valid time 

Alternative Test conditions 
symbols 

tpw CL= 
VOH =Vss -2V 

VOL =Vss-8V 

Ts NEW=10' • 
tw(W)= 20ms 

tw (E) =20 ms 

Ts NEW=105 • 
tw(W) =20ms 

tW(E)=20ms 

Nw 

NRA 

tpw 
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Min 

10 

1 

105 

10' 

Limits 
Unit 

Typ Max 

Vss +0.3 V 

Vss -8 V 

± 10 pA 

± 10 pA 

V 

Vss -12 V 

5.5 8.8 mA 

Limits 
Unit 

Typ Max 

14 16.8 kHz 

50 55 % 

20 24 ms 

20 24 ms 

1 ps 

ns 

ns 

Limits 
Unit 

Typ Max 

20 ps 

Year 

Year 

Times 

10' Times 

20 ps 

7-25 
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APPLICATION OF 64K-BIT DYNAMIC RAM 
Technology 
Since the introduction of the 1 K RAM in 1970, the devel­
opment of dynamic RAM devices has progressed at a rate 
which has seen capacities multiplied by four in approxi­
mately two years, the latest stage of development being the 
64K RAM_ 

Today's modern RAM devices take the user into con­
sideration, and 64K dynamic RAMs which operate off a 
single 5V power supply are common. 

We will describe here the new technology which made 
possible the development of a highly integrated, high­
performance 64K RAM which operates from a single 5V 
supply. 

1. Cell Structure and Process Technology 
The M5K4164AP 64K RAM makes use of the same two­
level n-channel polysilicon gate process and one-transistor 
cell structure used in the triple power supply 16K RAM 
(M5K4116P/S) which has been used in large quantities. 

To achieve a high-density RAM, the masks are manu­
factured using electron beam technology. 

In addition, the geometries on several critical levels of 
the M5K4164AP are 2.5 - 3.0Mm, necessitating the use of 
positive photo-resist (for resolution and delineation con­
trol) as well as dry-plasma processing at these critical levels. 

Fig. 1.1 shows the cross-section of the cell structure with 
Table 1.1 summarizing a comparison of the basic para­
meters of the device with the 16K RAM. 

POLY Si 2 AI WORD LINE 

'7-----------------1.-­

N+ p+ 

I· Hi-C REGION 

P-TYPE SUBSTRATE 

Fig. 1.1 H i·C structu re memory cell cross-section 

Table 1.1 Main parameters 

Parameter 16K RAM 64K RAM 
Memory cell area 350" m2 143" m2 

Chip area 16_ 3mm2 23.9" m2 

Available channel length 4" m 2"m 
Gate oxide film 850A 400A 
Diffusion layer depth l.O"m 0.4" m 
Diffusion layer width 4.0" m 2.5" m 
Aluminum width 4.0" m 3.0.u m 

(MSK4164AP,MSK4164ANP) 

2. Substrate Bias Circuit 
In order to facilitate the operation from a single 5V supply, 
the M5K4164AP makes use of an on-chip substrate bias 
circuit. This bias circuit consists of a ring oscillator, driver 
circuit, charge pump circuit, and decoupling capacitors. 
The circuit supplies a bias to the substrate of approximately 
-3.5V for Vee = 5V (Refer to Fig. 1.2) 

The substrate bias circuit has the following functions. 
1) It prevents destruction of storage data and disturbance 

of bipolar transistor operation caused by input under· 
shoot which causes an injection of electrons from the 
input terminals to the substrate. 

2) A reduction in the capacitance of the pn junction 
formed by the substrate and internal circuit nodes 
enables an increase in circuit operation speed. 

3) The transistor threshold voltage (VTH) modulation due 
to a bias substrate is reduced, resulting in increased 
circuit operating speed and stability. 
As shown in Fig. 1.3, the substrate bias for high values 

of Vee is lower than for the standby mode due to the 
effect of increased impact ionization current. Adequate 
margin, however, is maintained against a value of VIL min 
of -2V. 

CHARGE PUMP CIRCUIT 

j---! , ri ~ SUBSTRATE DRIVER . BIAS 

, I DECOUPLING L ____ J CAPACITOR 

Fig. 1.2 Substrate bias circuit 

-7 

2: 
ro 

-6 
ro 
> 
(JJ -5 
« 
ro 
w -4 
f-« 
a: -3 
f-
(JJ 

ro 
:0 -2 (JJ 

-1 

SUPPLY VOLTAGE Vee (VI 

Fig. 1.3 Substrate bias vs supply voltage 
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3. Reduced Power ConsUmption and Noise 
For operation from a 5V supply, it is necessary to reduce 
the transistor threshold voltage, VTH' This, however, invites 
error operation due to noise. For this reason, circuits 
required to operate from low voltages only make use of 
transistors with a low VTH, while those requiring noise 
immunity are implemented with transistors having a high 
value of VTH . This scheme insures stable operation. 

To lower the peak circuit current, a significant problem 
in memory system design, and provide for high-speed opera­
tion, the ratioless driver circuit shown in Fig. 1.4 was used. 

With this circuit, the current flowing in transistors 0 1 

and O2 for changes in the output waveform is practically 
zero. Fig. 1.5 shows the peak current waveforms. The figure 
shows that the peak currents are kept less than 100mA 
irrespective of transition on RAS and CAS. 

Fig. 1.4 Driver circuit 
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POWER SUPPLY CURRENT VS 
TIME MANUFACTURER 

Vcc=5.5V, Ta=25"C 

RAS 

CAS 

60 

40 
Icc (rnA) 

20 

0 

60 

Icc (rnA) 40 

20 

o 

TIME t 50ns/DIVISION 

TIME t 50ns/DIVISION 

Fig. 1.5 Peak current waveforms 
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4. Soft Error Reduction 
Reduction pattern sizes and lower supply voltages for 64K 
RAM devices which result in smaller storage charges also 
result in a higher susceptibility to alpha particles causing 
soft errors. 

These soft errors are caused by alpha particles from 
minute amounts (ppm order) of uranium and thorium 
which are present in the IC package and decay. These 
particles cause the formation of electron-hole pairs in the 
substrate which collect on the surface and can destroy data. 

All floating nodes of dynamic circuits are susceptible 
to such radiation-induced errors and for RAM operation, 
errors can occur when such phenomena occur in the 
memory cells and bit lines (including the sense amplifier). 

To prevent such soft errors, three approaches are pos­
sible. 
1) Increase the stored charge in the memory cells. 
2) Increase the sense amplifier sensitivity and the bit line 

signal level. 
3) Prevent alpha particles from reaching the chip circuits. 

As described below, the M5K4164AP makes use of these 
techniques to reduce the effects of alpha radiation. 

(1) Bootstrapped Word Line Voltage 
Designs of 64K dynamic RAM devices which must operate 
on 5V supplies must strive to write data into memory with 
the voltage Vee as well as increase the charge stored in the 
memory cells in order to reduce the effects of soft errors. 
This in effect means raising the word line voltage to above 
the value of Vee + VTH for write and read operations. 

Previously, this increase in voltage was accomplished by 
means of the coupling capacitance between the word line 
and the delay circuit. However, the increased capacitance 
resulted in a slow risetime of the word line voltage to Vee, 
as well as increased power consumption. To eliminate these 
problems a circuit design such as that shown in Fig. 1.6 is 
used. The transistor Q 2 is kept off until the word line 
voltage reaches Vee. This has the word line charge capa­
city. C2 is then charged by means of transistor Q 3 after 
which Q 2 is turned on to connect the word line and C2 • 

The use of this circuit enables increase of the word line 
voltage without sacrificing operating speed and power 
consumption, thereby cutting soft error rates by 90%. 

(2) High-Capacity (Hi-C) Memory Cell 
The increase of memory cell stored charge requires an 
increase in the memory cell capacitance Cs. Limited chip 
area, however, places restrictions on the size of the memory 
cell itself. For this reason the Hi-C structure shown in Fig. 
1.1 was used. This cell structure makes use of the normal 
silicon oxide layer and the P+ and n+ junction capacitance. 
The process for Hi-C memory cell structure requires two 
additional ion implantation steps and involves the risk of 
deterioration of the refresh time, an important charac­
teristic of a dynamio RAM device. By selecting the ion 
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implantation level properly, the junction capacitance can 
be increased without deterioration in the refresh time 
characteristic. For H i-C structured cells, a portion of the 
minority carriers formed in the P+ layer are recombined, 
resulting in an effective reduction in soft errors. Such ion 
implantation has achieved a 30% increase in the memory 
cell capacitance and a reduction in soft error rate to 1/12 
of the error rate of a normally structured cell, as shown in 
Fig. 1.7. 

WORD LINE 
SIGNAL 
GENERATION 
CIRCUIT 

DELAY 
CIRCUIT 

¢ WL WORD LINE 

Fig. 1.6 Bootstrapped word line voltage generation circuit 

106 241 Am 8.4~Ci RADIATION SOURCE 

DISTANCE TO SAMPLE: 5mm 

CYCLE TIME: 1~s 

105 

w la' 
::;; 
1::: 
e-
iii 

103 
a: 
0 
a: 
n: 
w 

102 

10 

4 9 

Vee (V) 

Fig. 1.7 Soft error rate dependency on supply voltage 
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(3) Sense Amplifier Circuit 
Increasing the sensitivity of the sense amplifier circuit is 
another effective method of reducing soft errors. Fig. 1.8 
shows part of the sense amplifier circuit used by Mitsubishi 
Electric. High sensitivity with respect to the control signals 
¢1, ¢2, and ¢3 plays an important role in this amplifier's 
operation. After the data read from the memory cell is 
passed to the sense amplifier, the ¢3 signal is controlled 
to separate the bit line and cut off the noise that is present 
on the bit line when sensing begins. Smooth sensing begins 
with the signal ¢1 applied so that the minute potential 
difference is amplified. Next, ¢2 is applied and amplified 
at high speed. By careful adjustment of the timi ng of the 
three control signals ¢1, ¢2, and rj>3, detection of the poten­
tial differences as low as 30m V can be achieved without 
sacrificing speed in this sense amplifier circuit. 

WORD LINE 

~ 

I 

'--------v----­
MEMORY CELL 
~ 
SENSE AMPLIFIER 

Fig. 1.8 Sense amplifier circuit 

(4) 128 Refresh Method 

WORD LINE 

~ 

I 

~ 

MEMORY CELL 

When the sense and amplifier sensitivity (offset) and other 
factors are considered, it is clear that it is important to 
maximize the read voltage applied from the memory cell 
to the bit line, The electrical charge, 0, read from the 
memory cell determines the voltage change I::, V by the 
following relationship 

I::,V "" O/CB (for CB »Cs) 

where CB is the bit line and Cs is the memory cell capa­
citance. 

From this relationship it is seen that to make I::,V large 
CB must be made small. To satisfy this condition the 128 
refresh method is used to implement a single bit line with 
64 memory cells, a technique which reduces the length of 
the bit line. Fig. 1.9 shows the chip layout. The memory 
cells are broken into 64x256 bit units which are narrow, 
long blocks. The column decoders are located in three 
blocks totalling 256 decoders at the end of the bit line. 

Using this arrangement, the bit line capacitance can be 
minimized. 
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(5) Mold regin 
In addition to circuit and device structure improvements 
aimed at reducing soft errors, the design goal of 10-6 I 
(device hours) requires further improvements. 

When this is done, however, alpha particles emitted 
from the mold regin material itself cause errors, making 
material selection critical. The mold resin chosen exhibits 
an alpha radiation level of 0.05alcm2 (hour), below the 
measurement sensitivity of an ion chamber. This is low 
enough that the resulting alpha particle generation level 
is 1/10 or less that of old material itself. 

System evaluations of the M5K4164AP treated in such 
a manner indicate that the design goal of 1O-7 /(device 
hours) for soft error has been achieved. 

256 COLUMN DECODERS 

I 64x256 MEMORY CELLS 0 if) 
W Z 
a: if) " « 
IL a: j ". w W a: 
a: 0 

64x256 MEMORY CELLS 
0 

~..J 0 f-
a:o u « 
wa: W a: 
ILf- 0 256 COLUMN DECODERS W 
IL Z Z 
°0 ;;: W 

"'u 0 64x256 MEMORY CELLS CJ 
if) a: 

CJ if) 
<0 W 
'" 

Z 
a: N ~ 0 
0 64x256 MEMORY CELLS f: « 

256 COLUMN DECODERS 

Fig. 1.9 M5K4164AP Chip arrangement 
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Functional Description 

The M5K4164AP is a 64K-bit dynamic RAM which oper­
ates off a single 5V supply and has a refresh function built 
in at pin 1_ It can be used in a wide range of applications 
from large mainframes to microcomputers. 

This section presents a functional description of the 
M5K4164AP and examines how it can be used in design 
of a memory system. 

1. Block Diagram 
Fig. 1.10 shows the block diagram of the M5K4164AP. 
To preserve the refresh cycle used for 16k dynamic RAM 
devices, two 32k blocks (of 128 rows (refresh address) x 
256 columns each) were arranged one on top of the 
other. 

In the center of each block is located 256 sense ampli­
fiers making a total of 512 amplifiers in all. 

On one end of each of these two array blocks is located 
one row decoder. 

To prevent crosstalk between the column address lines 
and bit lines, the column decoders are located at the ends 
of the bit lines opposite to the sense amplifiers. A total 
of three rows of column decoders are used. 

The central column decoder is used commonly by the 
two blocks. 

DATA INPUT 

WRITE CONTROL INPUT W 
COLUMN ADDRESS -­

STROBE INPUT CAS 
ROW ADDRESS RAS 
STROBE INPUT 

REFRESH INPUT REF 

ADDRESS INPUTS 

Fig. 1.10 Block diagram 
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2. Memory Cell 
As shown in Fig. 1.11, the memory cell consists of one 
transistor and one capacitor. Data is stored as a one or 
zero depending upon the amount of electrical charge 
stored in the capacitor through the transistor Q. 

Because leakage current would result in the stored 
charge of the cell being reduced with time, the data must 
be refreshed within 2ms. 

BIT LINE 

WORD LINE 

Fig. 1.11 Memory cell 

f-a:: 
:JUJ 
Q.LL 
f-LL 
:::J:J 
Den 

Vee (5V) 

Vss (OV) 

Q DATA OUTPUT 
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3. Clock Timing 
The M5K4164AP has four clock inputs: RAS, CAS, W, 
REF. Among these, RAS and CAS are the basic clock 
inputs for the memory operation. The RAS input is 
generally used for memory cell data amplification and 
refresh operation while the CAS is used for data read 
and write operations only. 

To enable the design of a memory system with a large 
timing margin, it is necessary to know the timing relation­
ships between these two clock inputs and the internal 
clock signals generated by these clocks. 

Fig. 1.13 shows the timing parameters of the RAS and 
CAS clocks while Fig. 1.14 and 1.15 show their relation­
ships to the internal clock timing. 

For read or write operations, RAS goes low after which 
the falling edge of CAS initiates the cycle. 

After the read or write is completed, both signals return 
to a high level and the precharging operation is performed 
for the next cycle. 

For this timing relationship to work, the external RAS 
clock must follow the changes of the internally generated 
RAS clock. To simplify the setting of the timing relation­
ships of the external RAS and CAS clocks, the internal 
CAS clock <PCAS, <PCAS is controlled by the external RAS 
clock. Fig. 12 shows the internal RAS and CAS clock 
generating circuit. 

tW(RASLl 

RAS ~ 
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"1" with normal cycle from refresh control circuit 

,.-______ ~ ¢ RAS 
(ACTIVE) 

»_---¢RAS 
RASo--~.q (PRECHARGED) 

,.-_____ ¢ CAS 

CAS o----~===L./ 

(ACTIVE) 

»--_¢CAS 
(PRECHARGED) 

¢OD 

(OUTPUT DISABLE) 

Fig. 1.12 Internal RAS and CAS clock generating circuit 

twCRASH) 

I 1 

( 
td(RAS-CAS) th(CAS-RAS) tW(CASH) 

CAS 

Fig. 1.13 RAS, CAS timing 
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(1) CAS Falling Edge Timing (Fig. 1.14) 
The memory system design must be such that the falling 
edge timing of CAS does not critically affect the access 
time. In other words as shown by the solid line in Fig. 1.14, 
the internal ¢CAS phase is prevented by the delay phase ¢l 
from approaching td(RAS.CAS) max. This type of operation 
is referred to as gated CAS. 

This gated CAS feature permits CAS to be activated at 
anytime between the minimum and maximum value of 

td(RAS.CAS) without affecting access time. 
For gated CAS operation, if the generation of internal 

clock phase ¢CAS is delayed, the effective pulse width of 

¢CAS is reduced. For this reason, the rising edge of CAS 

is specified by th(RAS.CAS) which· is reference to RAS 
rather than twiCASL). This applies to the column address, 
Wand 0 inputs hold time as well. 

As shown by the dotted line in Fig. 1.14, if CAS falls 

to a low level after td(RAS.CAS) max, the ¢CAS phase is 
generated upon the falling edge of CAS. 

The minimum and maximum values of td(RAS·CAS), 
the delay time RAS to CAS, are specified for the 

M5K4164AP. Operation within the td(RAS.CASI max limit 
ensures that the access time for the device is guaranteed. 

This value may be exceeded without causing data storage 
or reading errors but the access time will be increased. 

td(RAS-CAS)max 

td(RAS-CAS)min 

RAS 

CAS 

Fig. 1.14 The timing relationship of RAS and CAS 
falling edges to internal clock signals 
(gated CAS operation) 
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(2) CAS Rising Edge Timing (Fig. 1.15) 
As shown in Fig. 1.15, the internally generated CAS circuit 

precharge signal !PC AS is generated with a timing that is 
related to the relationship between RAS and the CAS 
rising edge. 

For a CAS rising edge occurring before the RAS rising 
edge, !PC AS is generated with the CAS rising edge as a 
reference point (as shown in Fig. 1.15 as a solid line). 
If however the CAS rising edge occurs after that of RAS, 
!PCAS is generated with the RAS rising edge as a reference 
(shown as dotted line in Fig. 1.15). 

However, the data in the output buffer is cleared upon 
the occurrence of the rising edge of CAS regardless of 
the state of RAS. The required pulse width for clear is 

tw(CASH)· 
In this manner, the output data can be maintained for 

a iong period while the internal precharge width is made 

large. 
As described above, if the CAS rising edge occurs after 

that of RAS, the internal CAS pulse width becomes not 

tw(CASL) but th(CAS.RAS). Consideration should be given 
to this point in circuit design. 

RAS 

CAS 

~ CAS 

INTERNAL CAS 

Fig. 1.15 Relationship of RAS and CAS rising edges 
to internal clock timing 
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4. Address Timing 
Addressing of anyone of the 65,536 memory cells of the 

M5K4164AP requires the internal latching of two 8·bit 
multiplexed address (Ao to A7) by means of clocks RAS 
and CAS. First, the row address is latched by the falling 
edge of RAS. This selects 512 memory cells from the 
total of 65,536 memory cells. Fig. 1.16 shows the timing 

relationships for this operation. 

Fig. 1.16 Row address latching timing relationships 

The setup time tsu(RA.RAS) and holdtime th(RAS-RA) 
are specified with the RAS falling edge as a reference point. 

The falling edge of CAS latches the column address. 
This selects one cell from among the 512 cells selected by 
RAS. Fig. 1.17 shows the timing relationships for this 
operation. The setup time tsu(CA-CAS) and the hold time 
th(CAS-CA) are specified with the falling edge of CAS as 
a reference, while the hold time th(RAS-CA) is specified with 
the falling edge of RAS as a reference point. 

For these operations two timing parameters must be 
considered. One is the column address setup time 

tsu (CA-CAS) which is specified as minus 5ns, minimum. 
This means that the column address may be input anytime 
up to 5ns after the CAS falling edge. 

RAS 

Fig. 1.17 Column address latch timing 

The other parameter is the column address hold time 

th(RAS.CA)' For the previously described gated CAS oper­
ation, if RAS to CAS delay time td(RAS-CAS) is set between 
the specified minimum and maximum values, the time 
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from RAS, th(RAS-CA) and time from CAS, th(CA5-CA) 
must both be satisfied as the column address hold time. 
This appl ies to both the Wand D signals to be described 

later. 
The time required to switch from row address to column 

address is referred to as the multiplex time (tMUX)' This 
timing is shown in Fig. 1.18. 

Fig. 1.18 Address multiplex timing 

The multiplex time tMux is given by the following 
expression: 

tMUX = td(RAS-CAS) - tT - th (RAS-RA) -
tsu(CA-CAS) .......................... (1) 

As long as the access time, ta(RAS) from RAS does not 
exceed the maximum value, the following expression 
determines the maximum value of tMUX is achieved by the 
following conditions. 

td(RAS-CAS) = maximum 

ta(RAS-RA) = minimum 

tsu(CA-CAS) = minimum 

Table 1.2 shows actual values of tMUX maximum for 
tT = 5ns. 

Table 1.2 Maximum multiplex time 

If. the timing is set to satisfy the above described, opera­
tion is guaranteed for both read and write functions. To 
simplify the following description, the timing parameters 
for address inputs has been eliminated unless absolutely 
required. 
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5. Read Cycle 
Fig. 1.19 shows the timing parameters for the read cycle. 

RAS 
V ,H 

V,L 

CAS 
V ,H 
V,L 

W 
V ,H 

V,L 

Q VOH 
VOL ta{RAS) 

Fig. 1.19 Read cycle timing 

In this read cycle, RAS and CAS are made active, and 

the W input is set to a high level. The setup time, tsu(R-CAS) 
before CAS, resulting in output of the data stored in the 
memory cell at pin Q. The time for the falling edge of RAS 
and CAS to the output is defined as the RAS access time 

ta(RAS) and the CAS access time ta(CAS) respectively. 
The RAS access time depends on the RAS to CAS delay 

time, ta(RAS) and td(RAS-CAS)' 
As can be seen from this figure, by setting td(RAS-CAS) 

before td for gated CAS operation, ta(RAS) does not 
depend on the value of td(RAS-CAS) and is constant. 

For td(RAS-CAS) set after td, ta(RAS) depends upon the 
value of td(RAS-CAS). For this condition, ta(RAS) is given by 
the following expression. 

ta(RAS) = td(RAS-CAS) + ta(CAS) ................ (2) 

Equation (2) expresses only the electrical characteristics 
of the RAM device, the guaranteed access time being given 
by the following expression. 

ta 

min 

, INTERNAL CAS 
GENERATION 

Fig. 1.20 Dependency of ta(RAS) on td(RAS-CAS) 
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taiRAS) ~ td(RAS-CAS) max + ta(CAS) max ........ (3) 

In equation (3), for a value of td(RAS-CAS) greater than 
the maximum value (ta(RAS)) increases by the increased 
amount only. 

During a read operation when the output is active, 
inputs RAS and W have no effect on the output. Only 
raising CAS to a high level will put the output in the high­

impedance state. 
The time from the rising edge of CAS until the output 

goes into the high-impedance state is defined as the output 

disable time (tdis(CAS)). This time, tdis(CAS) is the period 
for the RAM output to go to the open state and should be 

distinguished from that time the output states to go to 

VOH and VOL· 
If the pulse width tw(CASH) is satisfied for CAS, oper­

ation is guaranteed for any arbitrary timed rising edge after 
the next cycle, simplifying the design with respect to CAS 

timing. 

The read cycle parameters th(CAS-R) and th(RAS-R) 
determine the read cycle ending time. Operation is guar­
anteed if either of these parameters are satisfied. 

6. Write Cycle 
Three types of write cycles are specified; early write, read 
write and read modify write. 

(1) Early Write Cycle 
Fig. 1.21 illustrates the timing relationship for this cycle. 

This cycle is selected for applications such as 1/0 com· 
mon applications in which the output is held at high 
impedance during the writing of data into the memory cell. 

This cycle is executed by causing the W input to fall 

before CAS. 
The Wand D inputs are latched by CAS, then the data 

write is executed, the Wand D input timing parameters 

tsu(W-CAS), tsu(D-CAS), th(CAS-W), and th(CAS-D) are 
determined by the falling edge of CAS as a reference point. 

Two points here are worthy of consideration. First is 

the write pulse setup time tsu(W-CAS). This parameter is 
specified as minus 10ns, minimum. 

The significance of this is that W inputs may occur 
anytime within before 10ns of the falling edge CAS. 

However, should the W input falling edge occur after 

CAS, the rising edge of W is determined not by th(CAS-W), 

but by tw(W). 
The other point for consideration is setting td(RAS-CAS) 

between the minimum and maximum values. For this con­
dition, gated CAS operation requires that as hold time the 

time from RAS for the Wand D input, th(RAS-W) and 

ts(RAS-D) and time from CAS, th(CAS-W) and th(CAS-D) 
both must be satisfied. 
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V'H 
RAS V'L 

th(RAS~W) 

CAS 
V'H 
V'L 

tSU(W-CAS) thCCAS-W) 

tw<w) 

W V'H 
V'L 

thCCAS-O) 

D V'H DATA 
V'L 

Q 
VOH 
VOL 

Fig.1.21 Early write cycle timing 

(2) Read Write Cycle Timing 

thCRAS-O) 

HIGH 

This cycle is used in applications where data is to be read 
out of memory while new data is being written into a 

memory cell. 
The timing parameters for this read write cycle are 

shown in Fig. 1.22. 
For this type of cycle, the W input signal falls after 

td(RAS-W} min and td(CAS-W) min. 
The data read timing is the same as the read cycle. 

Since the read data is latched into an output buffer, W 

RAS 

td(RAS-W) 

CAS V'H 
V'L 

tdCCAS-W) 

V,H 
W 

V'L 

V'H 
D 

V'L 

ta(CAS) 

VOH 
Q 

VOL 

taCRAS) 

Fig. 1.22 Read write cycle timing 

IMPEDANCE 

input can be made active without disabling the output. 
Since the D input is latched by the falling edge of the 

W input, the W input falling edge is determined as a refer­
ence point for the D input setup time tsu(D-W) and hoid 

time th(W-D). 
Data is written into the memory cell between the time 

the W input signal falls and RAS and CAS rise. This time is 

specified as th(W-RAS) and th(W-CAS) and both of these 
must be satisfied. 

twCW) 

thCW-D) 

VALID DATA 

VALID DATA 
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(3) Read Modify Write Cycle 
This cycle is used in applications such as ECC (see section 
on ECC) on which memory cell data is read and verified for 
correctness, the correct data being written into the cell if 
an error is detected. Fig. 1.23 shows the timing parameters 
of the read modify write cycle. 

The RAM operation is the same as the previously des­
cribed read write cycle except that after the data is read, 
data is written so the cycle is slightly extended. 

The minimum time for the read modify write cycle is 
given by the following expression. 

tCRMW min = ta(RAS) max + tMOD + th(W-RAS) min 
+ tw(RASH) min + 3tT ............ (4) 

V,H 
RAS 

V'L 

V,H 
CAS 

V,L 

tsu( R-CAS) 

V,H 
W 

V'L 

D 
V,H 

V'L 

taCRAS) 

Q 
VOH 

VOL 

Fig. 1.23 Read modify write cycle timing 
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In equation (4), tMOD is the time required for incorrect 
data to be rewritten correctly, and is a function of system 
design. In the device specifications tCRMW min is specified 

for tMOD = O. 
As previously described, the M5K4164AP write cycle 

mode is determined by the W input falling edge timing. 
This falling edge timing does not limit the operation of the 
RAM but merely controls the output state. If the Iii input 
falling edge does not satisfy the conditions described for 
the three write modes, data will be writen but the output 
state will be indeterminate. 

tCRMW 

tWCRASH) 

VALID DATA 

VALID DATA 
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7. Page Mode Timing 
Page mode operation is successive memory operations at 
multiple column locations within the same row address. 

As with normal operation, page mode operation can be 
carried out in the read, early write, read write or read 
modify write modes. The timing parameters particular to 
the page mode of operation are shown in Fig. 1..24. The 
other parameters are the same as for normal cycles. 

To perform page mode read and write operations, the 
RAS low-level pulse width, tw(RASL) must be increased, the 
maximum value being lOMS. The high-level CAS pulse 
width, tw(CASH) is specified separately for the normal 
mode cycle and page mode. For the page mode, the pulse 
w'idth must be increased. For details refer to the specifica­
tions. 

For page mode operation the hold time th(CAS-RAS) 
must be satisfied for even the last cycle, as shown in Fig. 
1.24. This applies to W as well. 

Fig. 1.24 Page mode cycle timing 

8. Refresh 
Referring to the block diagram of Fig. 1.10, for each RAS 
cycle, one word line is selected for each of the upper and 
lower blocks, enabling access to 512 memory cells. Next, 
the 512 sense amplifiers operate to amplify and refresh the 

cell data. Address signal A7 (ROW) has no connection with 
this refresh operation since it is used as a block select 
address for data read and write operations. 

RAS 
V,H 
V'L 

CAS 
V,H 

V'L 

Ao-A7 
V,H 

V'L 

Iii V,H 

V'L 

Q 
VOH 

VOL 

Fig. 1.26 Hidden refresh timing 
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9; RAS Only Refresh Timing 
RAS only refresh is performed by setting CAS to high 
which sets the output to high-impedance while refresh is 
performed. 

B-oth distributed and burst mode refresh can be per­
formed. 

Fig. 1.25 shows the timing parameters for RAS only 
refresh operation. 

V,H -rrrr.n. Ir­

Ao-A6 V'L .:..L..LI...i."~-:::==~~'''-'-''..L.t.J..LJ..L.I..I...LLLI...i.'..L.t.:.t.L. 

Q vVOH---H'GH-'MPEDANCE STATE----­
OL 

CAS=V'H W, A7, 0= don't care 

Fig. 1.25 RAS-only refresh timing 

10. Hidden Refresh Timing 
Hidden refresh is accomplished by setting CAS to low after 
a read cycle to hold the data in the valid state while refresh 
is performed. 

Both distributed and burst mode refresh are possible. 
Fig. 1.26 shows the timing parameters for hidden refresh 
operations. 

Data latched in the output buffer by the read cycle is 
.refreshed during the hidden refresh cycles by RAS. There­
fore output data is held indefinitely as long as hidden 
refreshing is continued. 

Timing design is simplified because the W signal may be 
changed in any state during hidden refreshing. 

tdls<CAS) 

VALID DATA 
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11. Refresh Operations Using Pin 1 
To simplify the refresh operation, a function absolutely 

essential to dynamic RAM operation, two special refresh 
functions easier to use than the conventional RAS clock 
refresh have been provided. 

These functions are automatic refresh and self refresh. 
These special functions are implemented by an on-chip 

refresh counter, address multiplexer, and timer, along 
with the associated control circuity. The following is an 
operational description of these circuits_ 

TIMER 
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(1) Refresh Control Circuit 

Fig. 1.27 shows a block diagram of the refresh circuit which 
makes use of Pin 1. The control circuit controls not only 
the refresh counter, address multiplexer and timer as shown 
in Fig. 1.27, but RAS and CAS circuits as well. 

Pin 1 refreshing is controlled externally by the REF 
input and internally by the RAS signal which is generated 
by the refresh control circuit. 

During pin 1 refresh operations, the CAS circuit with 
the exclusion of the output buffer is inhibited to prevent 
data writing and reading. 

REFRESH 
REQUEST 

I CONTROL 
SIGNAL 

REF 

RAS 

CAS INHIBIT 
SIGNAL 

CAS 

Fig .. l.27 Refresh circuit block diagram 

CONTROL 
REFRESH SIGNAL REFRESH 
CONTROL ADDRESS 
CIRCUIT COUNTER 

I 
I 

MULTIPLEX 
SIGNAL 

REFRESH 
AOORESS 
17-BITI 

~ 

REFRESH 
COMPLETED SIGNAL 

RAS SIGNAL """'"'0-
I 

~ 
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(2) Refresh Counter circuit 
The M5K4164AP on-chip refresh counter consists of a 7 -bit 
toggle-type counter, the individual counter output being 

used as the refresh address bit. 
For automatic refresh operations, the refresh counter 

counts up synchronized to the internal clock signal ¢w 
which is synchronized in turn to the REF input, 128 REF 
pulses required to cycle to the original state. For self 
refresh operation, the refresh counter is free-running with 
a period of from 12 to 16j.ls, counting up in synchronous 
to the refresh request signal REF REO (described after­
wards). A complete cycle and return to the original state 
requiring that the REF input be held low for 16j.ls x 128 
(approx.) = 2ms. 

The above described counting operation is performed 
approximately in synchronous with the refresh operation 
completion. The output of the refresh counter, 0 0 to 0 6 

(refresh address) is held until the next refresh cycle, forming 
the address for the next cycle. 

The refresh counter outputs are initialized by approx­
imately 8 dummy cycles of RAS, RAS/CAS, or REF. 

Ao 
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Therefore, no special initialization is required for this 
refresh cou nte r. 

However, the contents of the counter, that is the toggle 
counter flip-flop states, cannot be reset or preset externally 
during power up or dummy cycles. 

For this reason, using both normal RAS and pin 1 
refresh wi II cause the specified refresh ti me to be exceeded, 
and therefore should be avoided. 

(3) Address Multiplexer 
Fig. 1.28 shows the M5K4164AP on chip address multi­
plexer. 

The address multiplexer consists of two MOS transistors 
at the address buffer inputs and the associated control 
signals (MUX, MUX). 

During a normal cycle, MUX is high and MUX is low, so 
that only the external address Ao to A6 is input. 

For pin 1 refresh operations, MUX is low and MUX is 
high so that the refresh counter output signals 0 0 to 0 6 
only are input to the address buffer. 

MUX MUX 

"--- Ao 

.£r-~ Ao 

Al o--.--~--~----------------~~ 
"--~AI 

.-0-_ Al 

A6 o---~~--------~----------~ 

MUX 

1. 
To 

MUX--~---I To 00 TI 01 

Fig. 1.28 Refresh address counter and multiplexer circuits 
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(4) Timer Circuit 
Fig. 1.29 shows the timer circuit block diagram while Fig. 
1.30 illustrates its timing. 

In the circuit of Fig. 1.29, the oscillator provides the 
substrate bias as well. The other circuits are active when 
REF is low. 

When REF goes low, transistor Q 1 turns on, Q2 turns 

off and the charge stored in C2 passes through the rec· 
tifying circuit CI and Q 1 to discharge upon the falling 
edge of the oscillator output signal. The charge for one 

cycle of the oscillator output is proportional to the ratio 
of the capaci tance of C 1 and C2 . 

The ratio of C1 to C2 is chosen such that the voltage 
across C2 for an oscillator repetition period of 12 to 16J.Ls 
is approximately equal to the threshold voltage of the next 

gate. When the C2 voltage reaches VTH, the refresh request 
signal REFREQ goes active, causing the RAM refresh 

operation similar to the automatic Refresh external signal 
REF. When C2 is charged by REFREQ, REFREQ goes 
low, causing a repetition of the above described timer 
operation. 

As long as the REF signal is kept low, this operation 
will automatically continue refreshing all memory cells 
every 2ms. 

Fig. 1.29 Timer circuit block diagram 

(a) Multiple pulse 

RAS 

_ V,H -
REF V,L -

RAS 

REF 

TIMER 

REFREQ 
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--lr------~g~-----1"r----~'­

~Ji{ f~ 
~~~ 

------------~f~~~------
INTERNAL RiiS\ r-\ r-\ r-\ 
RAS· '-----J ~(----J '--iF--' '---

Fig. 1.30 Timer circuit timing 

12. Automatic Refresh Timing 
Automatic refresh is accomplished in the same manner as 
RAS only refresh but without providing the refresh address 

data. 
Fig. 1.31 shows the timing of the automatic refresh 

operation. 
Automatic refresh begins when REF is set to low 

td(RAS-REF) after RAS goes high. 
Shortly after the refresh cycle begins the internal RAS 

signal begins to operate to strobe the refresh counter out· 
put and perform the refresh. 

The REF input is internally latched. When the refresh 

operation is complete an internal refresh complete signal 
causes the chip to be precharged. Therefore, it is not 
necessary to use the REF input to determine the precharge 
time greatly simplifying the timing design of REF. 

It is also possible to perform hidden refreshing by 
holding the CAS input low after a read cycle. The timing is 
very similar to the RAS hidden refresh operation timing. 
For details refer to the specifications. 

(b) Single pulse 

RAS V,H -
V'L - tsuc REF-RAS) 

REF 

Fig.l.31 Automatic refresh timing 
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13. Self Refresh Timing 

Self refresh is generally used for battery backup of memory 

contents. 
Fig. 1.32 shows the self refresh timing relationships 

from which it can be seen that they are quite similar to 
those of automatic refresh. Self refresh begins when REF 

is set to low td(RAS-REF) after RAS is set to high. 
Shortly after the beginning of the refresh cycle, the 

internal RAS signal begins to operate to strobe the refresh 
counter and perform the refresh operation. 

As long as RAS is high and REF is low, the RAM will be 

RAS 
V,H -

V'L -

V,H -
REF 

V'L -

Fig. 1.32 Self refresh timing 

14. Notes on the Use of Pin 1 
(1) When pin 1 is not to be used to refresh the chip, it 

should be handle.d in the following manner. 
Since pin 1 refresh.is inhibited by setting the REF 

input to high, the input should be set between VIH 
min and VIH max. (The pin 1 input leakage current 

for VIN = 6.5V is guaranteed to be below 10IlA.) 
(2) When the above method is not possible, pin 1 should 

be left open. Since as shown in Fig. 1.33 as MOS 
transistor is used to connect a pull-up resistor between 

the input terminals and Vee, the terminal will be held 

to a high level (Vec! when left open. 
However, when the input is set low in order to per­

forma refresh operation, a current flows from Vee to 
the input terminal. This resistance is made a very high 

value (approximately 3Mrl) in order to guarantee the 
specified leakage current of 10llA maximum for V IN 
=OV. 
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automatically refreshed. This operation is repeated with a 
period of from 12 to 161ls. After 2ms, the refresh counter 
has gone through all of the row address, refreshing aH of 
the memory cells. Self refresh ends when REF is set to high 

but setting REF to high may not terminate the internal 
operation of the circuit (refer to Fig. 1.30) so that one 

cycle time of td(REF-RAS) is required between setting REF 
to high and RAS to low. 

As with automatic refresh, hidden refreshing is possible. 
For details refer to the specifications. 

tW(REFL) 

This high resistance results in pin 1 being susceptible 
to the effects of external noise so that if pi n 1 is to be 
left open, such noise should be considered carefully. 

Veep --i 
> Vee+VTH 

REF TERMINAL 

STRAY 1 PROTECTIVE 
CAPACITANCE RESISTANCE 

2pF I 5000 

Fig. 1.33 REF input equivalent circuit 

Vee 

~~~L-UP i 

""" i~ I ~:~ACITANCE 1 
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M5K4164AP Bit Map 
To facilitate the generation of worst-case pattern checking 
and the optim i zation of test sequences, it is necessary to 
know the internal topology of a memory device. This sec­
tion will examine the internal topology of the M5K4164AP. 

1. Memory Array 
Fig. 1.34 shows the dual in-line package as viewed from 
above with pin 1 to the upper right. It illustrates the 

memory cell layout. 
The row decoder is located to the left of the memory 

cells while the column decoder is located parallel to the 

cells. 

ROW ADDRESS 
,~'----... 

A7 A5 A3 Al 
Ao A4 A2 A6 

0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 1 
0 0 0 0 0 0 1 1 3 

16384-BIT 

0 0 0 0 0 0 1 0 2 

I I 256 SENSE 

0 1 1 1 1 1 0 0 16384-BIT 

< ~116K MEMORY ARRAyl 

g D8L16K MEMORY ARRAY I 
~ 1N 

:s:116K MEMORY ARRAYltc 

~116K MEMORY ARRAyl 

Fig. 1.34 Memory array location 

MEMORY ARRAY 

DATA 

l 
AMPLIFIER CIRCUITS 

\ 

MEMORY ARRAY 

0 1 1 1 1 1 0 1 --
0 1 1 1 1 1 1 1 127 
0 1 1 1 1 1 1 0 126 

A7 o 1 1 
A6 0 0 1 
Al 0 0 0 

COLUMN A2 0 0 0 
ADDRESS A3 0 0 0 

A4 0 0 0 
A5 0 0 0 
Ao 0 0 0 

1 0 0 0 0 o. 0 0 128 
1 0 0 0 0 0 0 1 
1 0 0 0 0 0 1 1 
1 0 0 0 0 0 1 0 

I I 
1 1 1 1 1 1 0 0 
1 1 1 1 1 1 0 1 
1 1 1 1 1 1 1 1 255 
1 1 1 1 1 1 1 0 254 

Fig. 1.35 Address decoder location 

0 0 1 
1 0 0 
0 1 1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

DATA 

0 1 1 0 
0 0 1 1 
0 0 0 0 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 

16384-BIT MEMORY ARRAY 
--
DATA 

256 SENSE A~PLlFIER CIRCUITS 

16384-BIT MEMORY ARRAY 

DATA 
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0 
1 
1 
1 
1 
1 
1 

1 1 0 
0 1 1 

1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 

/ 

~/ 
65535 

65534 

Pin 1 
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2. Address Decoder 
Fig. 1.35 shows the address decoder. To optimize pattern 
layout, the decoder is arranged as shown in Fig. 1.35. For 
this reason, with Ao (row) as the least significant bit and 
A7 (column) as the most significant bit, sequential binary 
addresses will not address adjacent cells in order. 

For the arrangement of Fig. 1.35, Table 1.3 shows 
the addresses that will be accessed for sequentially incre· 
mented binary addresses if A6 (row) is the least significant 
bit and Ao (column) is the most significant bit. 

Table 1.3 Address coding 

Column Row 

(MSB) (LSB) 
Cell No Ao A5 A4 A3 A2 Al A6 A7 A7 Ao A5 A4 A3 A2 Al A6 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

32767 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

65535 1 1 1 1 1 1 1 1 1 1 1 l' 1 1 1 1 

3. Bit Topology 
For the purposes of simplified explanation, we have as­
sumed thus far that the memory cells are located in an 
orderly fashion in a matrix. For actual devices, however, 
techniques required to increase the density on the chip 
dictate that an arrangement such as shown in Fig. 1.36 is 
used. 

For this reason, this layout must be considered care­
fully when designing tests which detect interference between 
adjacent cells. 
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4. Data Polarity 
Because the sense amplifiers are located in the center of the 
bit lines of the M5K4164AP, half of the data matrix is 
stored in inverted form. While this has absolutely no effect 
on actual operation, it must be considered if a test is to be 
devised which will test all cells in the charged state. This 
bit inversion pattern is given in Table 1.4. 

Table 1.4 Data polarity arrangement 

A7 Ao Input Memory Output 

(rowl (rowl data cell data data 

1 1 1 
0 

0 0 0 
a 

1 0 1 
1 

a 1 a 
1 a 1 

0 

1 
a 1 0 

1 1 1 
1 

a a a 

Write operation Read operation 
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COLUMNS 
r~,;:;~,<:jl WORD LINE BO B1 B2 B3 

I\\S"I GATE o BIT LINE 

WO~~~~+-~~~~~~~~~~~~~ 

W2 

W3 

(/) 

3: 
0 
ex: 

W4 

W5 

I I 
I I 

I I 
I I 

I I 
I I 

[ 

[ 

[ 

The area represented here is physica!ly located in the upper left hand corner of the array. 

Fig. 1.36 Simplified internal bit topology 
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Memory System Design Considerations 
New memory systems designs are making use of dynamic 
RAM, static RAM, EPROM and other semiconductor 
memory devices. All of these devices have some general 
design considerations in common. This application note 
will examine some of the delicate timing considerations 

involved in the design of a dynamic RAM board. 

1. Power Distribution 
Fig. 1.37 shows the current waveform of an M5K4164AP 
dynamic RAM. Note that when RAS and CAS go low, the 
row or column address latch and buffer are charged, and 
that when RAS and CAS go high, the row or column 
address latch and buffer are precharged, resulting in a 
transient current waveform. The 60 to 80mA current pulse 
of approximate width 50ns and a risetime of 10 - 20ns 
represents the risetime which is observed at 50ms per 
division. With rise and fall times of this magnitude harmo· 
nic noise components above 10MHz are generated. It is 
therefore necessary when designing the board power dis· 
tribution to suppress such noise and provide the device with 
a clean supply voltage. Decoupling capacitors should be 
used which are capable of charging a small loop. 

Fig. 1.38 tal shows the lumped constant equivalent 
circuit for a PC board. Ls and Rs represent the PC board 
inductance and resistance respectively. If we let the Lx and 
Rs of a 10mil wide 2·ounce copper pattern be 10nH/inch 
and 4mQ/inch, then the generated spike voltage is given by 

the following expression. 
di 80mA 

LS'di:=10nHX10X 10ns=800mV 

Rs' i=4mQ Xl0X80mA=3.2mV 

Since the effect of the series resistance Rs compared to 

that of the series inductance is very small, it may be neg· 
lected. The series resistance of Ls is frequency dependent, 
increasing with increasing frequencies. 

To reduce the level of the spike voltage, as shown in 
Fig. 1.38 (b), a decoupling capacitor is used to decrease 
the series resistance. This is done by shortening the PC 
board current loop. 

For a 0.1!lF capacitor value used with a 250ns cycle 
RAM, the spike voltage is given by the following expres· 
sion. 

1 j. 80mA 
V=C 110dt=O. 1ILP X50ns=40mV 

This yields an acceptable value of spike voltage. 
It is recommended that ceramic capacitors with good 

high frequency characteristics are used as the decoupling 
capacitors in memory arrays. The decoupling capacitor is 
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connected between the memory Vee and the ground with 
as short a lead dressing as possible. In addition, as bulk 
decoupling a solid tantalum capacitor is required. This type 

of capacitor has a better transient response than other large 
value capacitors and can be used with one capacitor per 

16-memory devices between Vee and the ground. 
The power supply traces for a memory array should be 

made as wide as possible and it is recommended that they 
be arranged in a grid. Fig. 1.39 tal shows an example of 
such an arrangement. 

As another method, the use of mUlti-layer boards is 

possible, and is an effective method in simplifying power 
distribution. 

~ RAS 
.J! 

[, 
CAS 

.2 
(f) 
f- 100 z 80 w 
0: Icc 60 
0: 

(mAl 18 ::J 
u a ::; 
0. 100 0. 
::J Iss 

80 
(f) 60 

(mAlig 
a 

50ns/DIVISION 

TiME 

Fig. 1.37 Supply current vs time RAS/CAS cycle 
RAS-only cycle 

Rs Ls 

Vce 

Fig. 1.38 (a) PC board trace equivalent circuit 
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LlO 

Vee 

Fig. 1.38 (bl PC board trace equivalent circuit with 
decoupling capacitors 

GND Vee GND Vee 

Vee -- - -------
GND- - -- - ----

Vee - -
GND-

GNDVee GNDVee 

Vee - - ------ - ------ - ------
GND- ------- ------ ------

---memory surface ----- soldered surface 

Fig. 1.39 (al Gridded power distribution and decoupling 
capacitors 

Fig. 1.39 (bl Printed board pattern 
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2. Signal Distribution 
The next most important consideration in the design of a 
memory system is the design of memory signal (address, 
data, and control signals) distribution. 

For the case of the M5K4164AP dynamic RAM, two 
types of chip enable signals exist; RAS and CAS. If these 
are to be driven by TTL circuits, it is very important to 
keep the drivi ng TTL device as close as possible to the RAM 
array. This minimizes the transmission line impedance 
mismatch between the RAM array loaded line and the TTL 
driver. Another technique is the use of a damping resistor 
located close to the driver. The value of this resistor is 
selected to provide a good waveform at the RAM input, the 
usual values being in the range 10 to 50n. This technique 
brings the output impedance of the driver close to the line 
impedance which minimizes waveform overshoot and 
undershoot. 

To eliminate crosstalk from RAS and CAS, the RAS and 
CAS signal I ines should be kept at 90' to the traces for 
other signals. If this is impossible, they should be kept as 
far as possible from traces of other signals. In addition the 
address and data signal traces should be kept as short as 
possible. Fig. 1.39 (b) shows an example of a printed board 
pattern for a 128K-bite memory system. 

3. Logical Considerations 
Far memory systems with critical timing, it is necessary to 
consider the propagation delay to surrounding ICs. To 
minimize signal delay, gate selection and the use of the 
same IC package for related signals are effective in reducing 
the difference in delays between signals. To reduce the 
capacitive loading on drivers, it is necessary to limit the 
number of drivers per memory array. For RAS and CAS, 
8 memorie!j/driver and for address 16 memories/driver are 
recommended. 

~ Oecoupling capacitor 
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M5K4164AP Refresh Methods 
The refreshing of the M5K4164AP cell matrix requires the 
refreshing of 128 row addresses at least every 2ms. In addi­
tion to the previously available RAS-only refresh method, 
the M5K4164AP provides REF (pin 1) automatic refresh· 
ing, and self·refreshing. This section will cover the applica­
tion of REF refresh operations. 

1. Automatic Refresh 
Automatic refresh begins after RAS precharge (RAS-V IH) 

upon setting REF (pin 1) to low. This method is quite 
similar to the RAS·only refresh with the refresh address 
counter output present as a 7-bit word for automatic reo 
freshing the refresh counter being automatically incre· 
mented at the end of the refresh cycle. Fig. 1.40 shows the 
automatic refresh timing. 

(a) Multiple pulse 

RAS 

REF V'H-

V'L -

(b) Single pulse 

RAS 
V'H-

V'L-

V'H-
REF 

V'L -

tsu( REF-RAS) 
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td( REF-RAS) 

Limits 

Symbol Parameter 
Alternative 

M5K4164AP-12 M5K4164AP-15 Unit 

tCIREFJ Automatic refresh cycle time 

td( RAS-REF ) Delay time, RAS to REF 

tWIREFU REF low pulse width 

t W ( REFHJ REF high pulse width 

td( REF-RAS! Delay time, REF to RAS 

tsu( REF RAS) REF setup time before RAS 

Fig. 1.40 Automatic refresh timing 
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IFe 220 

tRFD 90 

IFP 60 

IF' 30 

tFSR 30 

tFRD 250 
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Automatic refresh has many advantages over the RAS· 
only refresh method generally used previously. As shown in 
Fig. 1.41, RAS·only refresh generally requires logic cir· 
cuitry. This consists of the row·address, column·address 
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IADDRESS 
i INCREMENT . : L ______________________ J 

Fig. 1.41 Address multiplexer and refresh address counter 

By decoding RAS, one bank of a complex memory 
system may be selected, while for RAS·only refresh RAS is 
fed to all portions of the memory requiring the decoder as 
shown in Fig. 1.42 (a). With automatic refresh, RAS is used 

A17 

A16 

REF 

RAS 

'sao 
}:>-'"-A/v-- RAS3 ( BAN K 3) , , , 

! 
l:>--'Wv--RASO(BANKO) 

Fig. 1.42 (a) RAS decoder in RAS·only refresh 
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and refresh address multiplexer and refresh address counter. 
With automatic refresh, the dotted area shown in Fig. 1.41 
may be eliminated. 

-
~ a: 

UJ 
U. 
u. 
:::J 

:c{> 
en 
UJ 
a: 
0 
0 
< -

A3 
A2 
AI 
Ao 

during the memory cycle and REF for the refresh cycle 
independently so that the gate shown in Fig. 1.42 (b) can 
be eliminated. 

All 

A16 

B 
S139 
A 

____ I , , 
---- I 

S32 
P----'VVv--- RAS3 ( BAN K 3) 

~---'H)'-Wv--RASO (BANK 0) 

RAS--------' 

Fig. 1.42 (b) RAS decoder using REF pin 

'MITSUBISHI 
..... ELECTRIC 8-25 



Another feature of automatic refresh is that the timing 
of the refresh controller is simplified. The timing for RAS· 
only refresh and automatic refresh is shown in Fig. 1.43 (a) 
and Fig. 1.43 (b) respectively. 

REFRESH~ 
CYCLE 

START 
ADDRESS 
Ao-A6 

REFRESH ADDRESS 

I 
RAS 

Fig. 1.43 (a) RAS-only refresh timing 

REFRESH I I, 
CYCLE ~ L-

i~A~ , 

REF ~'--____ {I*", __ t-,-3 --...1 

Fig. 1.43 (b) Automatic refresh timing 

-- V'H-RAS 
V'L-

td(RAS~REF) 

- V'H- ~-
REF V'L -
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For RAS-only, the controller disables the address multi­
plexer upon entering the memory cycle while it enables 

the refresh counter output. Next, after a delay time of tl 
(required because of the address buffer delay time and row 

address setup time tsu(RA-RAS), RAS is set to low. The 
refresh cycle ends at the time t2 that RAS is precharging. 

In contrast to this, the automatic refresh controller sets 
REF to low simultaneously with the beginning of the 
refresh cycle, and after the RAS precharge time t3, the 
refresh cycle ends. For this reason, there is no necessity 
to consider the settling time for address selection. 

2. Self Refresh 
Self refresh, similar to automatic refresh, sets REF low 
after RAS precharge occurs, beginning the internal refresh 
cycle. This method of refresh ignores all other inputs as 
long as RAS is high and REF i~ low, making use of an 
internal timer to automatically refresh the row addresses 
every 12 - 16,(1s which enables all cells to be refreshed 
within 2ms. The rising edge of REF terminates the refresh 

operation and after one cycle (td(REF.RAS»a normal read· 
write cycle is entered. Fig. 1.44 shows the timing for the 
self refresh cycle. Self refresh is an extremely effective 
method of providing memory backup by means of a 
secondary power supply. As shown in Fig. 1.45, most of 

the required functions are implemented within the chip for 
the RAS-only refresh with a simplified external circuit. This 
results in low power consumption and a long life for the 
secondary power supply. 

td( REF-RAS) 

tW(REFL) 

r 
Limits 

Symbol Parameter 
Alternative M5K4164AP-15 M5K4164AP-20 Unit 

td( AAS-REF) Delay time, RAS to REF 

tW(REFU REF low pulse width 

td( AEF-RAS) Delay time, REF to RAS 

Fig. 1.44 Self-refresh timing 

8-26 

symbol 
Min 

tRFD 90 
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As described above, self refresh may not be used in the 
RAS·only refresh mode. In designs using two refresh 
counters (internal and external) which operate independ· 
ently, guaranteeing the refresh (2ms) time is difficult. 

<J) 

::0 
tD 

:;; 
W 

RAM 

Ii; MEMORY 
>­
<J) 

a: 
o 
a: 

~ 
w 
U o 
a: 
C>­
O 
a: 
u 
~ 

* 

Note 1. ~ block shows the device which should be backed up during power down. 
2. * block can be powered down using REF (PIN1). 
3. During self-refresh, REF driver and controller have to be backed up. 

Fig. 1.45 Typical dynamic RAM system with battery back up 
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3. Design Example 
The design example shows the increased effectiveness of 
REF (pin 1) refresh when the M5K4164AP is used as the 
memory for a microprocessor. This design example illus· 
trates the interface between the M5K4164AP and the 

microprocessor. 
When using REF for the microprocessor memory in 

interface, two methods are possible. One is asynchronous 
refresh and the other involves synchronously refreshing the 
memory. The former tech nique is not affected by the 
microprocessor status (i.e., reset, wait state, DMA, and CPU 
clock). However, control logic is somewhat complex. While 

ADDRESS BU S 

11 
BOOT STRAP 

t:-ROM 

11 
<===! 

DATA 
BUS 

BUFFER 
DATA BUS 

RAM z ... 
ROMINH 

INHIBIT I-> ~ 
LOGIC « 

a: 

CPU 
SERIAL OUT 
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the second method makes use of simple control logic, the 
microprocessor must satisfy the refresh operation timing 

conditions. 
Fig. 1.46 through 1.48 show the block diagram, sche· 

matic diagram, and timing deiagram for the asynchronous 
refresh example. For this example, the refresh cycle counter 
refresh request (R EF REO) starts the refresh cycle independ· 
ently of the microprocessor operation. The arbiter deter· 
mines whether the microprocessor (RAMREO) or refresh 
cycle counter (REFREO) has access to the RAM. 

ADDRESS MULTIPLEXER 
Ao~A7 

ROW 

Ie Ao~A7 Ao~A7 

COLUMN 
A8~A15 S M5K4164APX8 

MEMORY ARRAY 

64K Byte 

I 
D'N 

DouT - -
RAS CAS W REF 

MPXCNT 

WR 

L 
AND WRITE COMM 

READ COMMA 
MEMORY CYC 

--- MEMORY 

CPU TIMING 
CLOCK 

CPU READY 

NO 
LE 

ADDRESS RAMREQ 
DECODER 

ARBITOR 

REFRESH REFREQ 
COUNTER 

Fig. 1.46 Block diagram of the design example (Ansynchronous) 
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Fig. 1.47 Design example of microprocessor interface (Ansynchronous) 

Note 1. C::J indicates the logic for REF function. 
2. CPUCLK 3MHz MAX. Minimum frequency should be selected 

not to exceed the refresh memory cycle. 
(128 cycles within 2ms interval.) 
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Note 1. If the microprocessor attempts to access the RAM during this period, it must wait until the refresh is over. 

Fig. 1.48 Memory and refresh timing (Ansynchronous) 
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A bootstrap ROM, commonly used in this type of . 

memory system, is shown in the example. This is used to 
load the initial program of a RAM·based system into RAM 

from disk, for system initialization. In this example, the 
SOD (Serial Out Data) of the M5LaOa5AP is used to select 
either the bootstrap ROM or RAM as shown in Fig. 1.49. 

Fig. 1.50 and 1.51 show the schematic diagram and 
timing for the synchronous refresh example. In this 

FFFF16 

800016 
7FFF16 

ROM 
07FF16I 
000016 _ ENABLE 

RAM 

ENABLE 

DISABLE ENABLE 
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example a zao microprocessor is used with synchronous 
refresh. As shown in Fig. 1.51, after the zao fetch instruc­
tion, the refresh operation is performed (T 3 and T 4 state). 

In this manner refresh is performed synchronously with 
microprocessor operation. As mentioned previously, this 
type of operation involves a variety of limitations which 
must be considered carefully when designing such a system. 
(i.e., wait state, DMA, reset and CPU clock cycle) 

RAM RAM 

ENABLE 

ROM 

DISABLE DISABLE ENABLE 

(a) After hardware RESET (SOD"" lowl (b) Transfer Bootstrap program in the ROM 

to upper RAM area (SOD = lowl 

(c) inhibiting ROM by using the Bootstrap 

program in the RAM area. (SOO = high) 

Fig. 1.49 Start-up procedure of the memory-overlapped system 

-- .... 
RFSH .... 531 

CPU 
- -<j) WR I-<n-++-----H] 531P--'M---' 

CLOCK 

'" 
1 

RD -<j) 537 

Fig. 1.50 Design example of microprocessor interface (Synchronous) 
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Fig. 1.51 OP code fetch and refresh timing 
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STATIC RAM TECHNOLOGY 

Introduction 
Static RAM, though inferior to dynamic RAM in density of 
integration, is used for a wide variety of applications. It is 
easy to use as it does not reguire clocks, refresh operation 
or related controlling peripheral ICs. In addition, static 
RAMs are available for equipment requiring high-speed 
operation or battery backup in case of power failure. 

1. Classification of Static RAM 
Static RAMs are classified into the following: 
(1) medium-speed NMOS for easy use and economy 
(2) ultra-high speed NMOS for computer application 
(3) CMOS for battery backup. 

Mitsubishi Electric Corporation provides the following 
lineup of static RAM. 
(1) Medium-speed NMOS 
(2) Ultra-high-speed NMOS 
(3) CMOS 

M5B725P 
M5M2167S/P, M5M2168S/P 
M5M5116P, M5M5117P, 
M5M5118P, M5M5165P 

2. History of Mitsubishi Memory Cells 
The history of Mitsubishi memory cells is illustrated in Fig. 
2.1. Mitsubishi Electric began producing 256-bit E/E type 
memory cells and later shifted over to high resistive load 

E/E TYPE E/D TYPE 

BITS 256 lK 

E/E Elo 

.~'~ M5L2102AP 

MEMORY 
CELL 

N CMOS 

MSL5101LP 

Fig. 2.1 History of Mitsubishi cells 
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types, diminishing cell area and cutting power consumption 
of memory cells. A high resistive load, which is available up 
to 100MU has reduced the cell current to as low as 10nA/ 
cell. CMOS was started at 1 K bits, developed into 4K bits 
and then to 16K bits. The standby supply current con­
sumed in the cells and in periferal circuits is as low as the 
leakage current. The specified value is 20llA, but the typical 
value is less than lilA, enabling long term battery buckup 
operation. CMOS, however, has suffered the disadvantage 
of poor production costs due to its larger cell area. In the 
past, either economical NMOS or low power CMOS had to 
be selected to match the application. But, the situation 
has somewhat changed with the appearance of 64K bit 
memories, incorporating NMOS and CMOS technology. 
The mixture of high resistive load NMOS cells and CMOS 
peripherals, realized the hybrid which has the economy of 
NMOS and the low power of CMOS. Mitsubishi has pro­
vided the M5M5165P fabricated by this technology. The 
technical factors resulting in the development of this 
product are as follows: i) limit of large power consumption 
and ii) technology of fabricating high resistance of several 
tens of GU enabled low standby current which is enough 
for battery backup applications. 

HIGH RESISTIVE TYPE CMOS TYPE 

4K 16K 64K 

Elo H.I~H 
/ RESI~'¥tVE I , RESISTIVE, 

LOAD LOAD 

MSL2114LP MSS72SP MSMS16SP 
MST4044P 

.'~"~ MSM2168S 

CMOS CMOS 

MS8981P MSMS116P 
MSMS117P 
MSMS118P 
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3. Methods of Power Saving 
Power consumption has become a major problem as 
memory capacity has increased. The solution lies in 1) the 
use of CMOS for peripheral circu,its, 2} the division of cell 
array and 3) the employment of internal synchronous 
circuits. 

Method (1) has been employed in the 64K CMOS 
M5M5165P. 

Method (2) is aimed at decreasing the number of 
memory cells selected by the word decoder in order to de· 
crease the current that flows into cells from the bit line. 
Fig. 2.2 shows examples of dividing the cell array. With 1 K 
and 4K bit RAM, all the bit lines are activated, while 1/2 
of the b.it lines are activated with 16K and only 1/4.are 
designed to be activated with 64K. (d) is called thedevided 
word line method (DWl), dividing the memory cell array 
into arbitrary lines, which is considered to be an important 
method to deal with RAMs of greater capacity in the 
future. The internal synchronous circuit (3), designed to 
cut DC current, lowers the average current greatly by the 
employment of a dynamic circuit. In previous asynchro· 
nouse circuits, DC current was constantly running while 
chips were in the active state. 

A problem with the internal synchronous circuit is pro· 
viding a standard clock. Unlike dynamic RAM, static RAM 

r-- ffif----
Q 
0 

I/O 
u w I/o Q 

1-2 z 
::;; 3-4 
::J 
..J 
0 
U 

(a) ALL SELECTION 
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-ffi 
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1-8 
::J 
..J 
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U 

(b) 1/2 SELECTION 

16K 

M58725P 
M5M5116P 

Fig. 2.2 Examples of memory cell array 

Fig. 2.3 Circuit diagram of internal synchronous circuit 
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is not given an external clock and must generate the clock 
by itself. As the memory cycle of static RAM starts with an 
address change, the internal synchronous circuit makes use 
of changes in the address signal and generates an internal 
clock. In this circuit, the charging current of internal mode 
capacitance runs at the peak rate at the beginning of the 
cycle and no current runs after the access is finished. As the 
average current can be decreased to 1/10 of the conven· 
tional one (at 1 MHz), this device is most suitable for 
battery·operated equipment such as hand held computers. 

4. Package 
The more the capacity, the more the number of pins. (4K 
has 18 pins, 16K, 24 pins and 64K, 28 pins). On the other 
hand, a smaller package is required for the high density 
mounting. Available packages which meet these require· 
ments are fait package, chip carrier (LCC), ZIL (zigzag in· 
line), or shrink pack (lead spacing is 2/3 of the normal 
type). 

Mitsubishi provides the 16K CMOS RAM M5M5116FP 
series using the flat package. Fig. 2.4 shows the outline 
difference between the DIP and flat package. The flat 
package is approximately half the size of DIP. 
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FLAT PACKAGE 

Fig. 2.4 Comparison of package outlines 
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OPERATION OF STATIC RAM 
The timing of static RAM is simple and operation modes 
are very easily understood because of its asynchronous 
operation that does not require strobe signals to take in 
clock signals or external signals. 

In this chapter, basic operation of static RAM and func­
tions of various input signals are illustrated using the 
M58725P 16K static RAM as an example. 

Fig. 2.5., 2.6., 2.7. are the block diagram, pin configu­
ration and function table of M58725P. 
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A7 -+ ~ ~ vee (5V) 
A6 -+ ~ Il? +- As ) ADDRESS 
A5 -+ L.l. al< +- A9 INPUT 

r. """ ~. -w 'WRITE CONTROL 
ADDRESS A4 -+ Li s::: ~ -

INPUT A3 -+ rs U1 tro +- OE OUTPUT EN1~~MT 
Q) INPUT 

A2 ...... ~ ~ g +- ~IO ADDRESS INPUT 

Al ...... ~ "tJ ~ +-, S CHIP SELECT INPUT 

Ao -+~ ~ ... DOs 
DATA {DOl - 9 16 ... DOl DATA 
INPUT/ D02 -: ffiO ~ ... DOs INPUT/ 

DUTPUT D03'" 11 !l; ... D05 OUTPUT 

(OV) GND .1'"'-___ ---1""13 ... 004 

Outline 24P4 

Fig. 2.6 Pin configuration of M58725P 

S OE W Modes DO,-DO. Icc 

H X X High impedance S,andby 

L L H Read mode DouT Active 

L X L Write mode D'N Active 

L H H - High impedance Active 

Fig.2.7 Function table of M58725P 
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Fig. 2.5 Block diagram of M58725P 
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1. Functions of input signals 

(1) Address signals (Ao~Al0) 
Address signals select one random bit out of the memory 
matrix. Read/write memory operation is made to the cell 
which selected by address signal. 
(2) Chip select signal (S) 

When S = L, RAM is in the active state, enabling read/write 
memory operation. When S = H, RAM is in the non-selec­
tive state, disabling memory operation. In this case, the 
output is in the high impedance state, easily expanding 
memory capacity with other memorys by DR connection. 

In addition the supply current is in standby state and is 
reduced to one tenth of the normal level which contri­
butes to the power saving of a large memory system. 
In most cases, like M58725P, the chip select signal is in 
negative logic (chip is selected when signal is L) but it is 
noted that S2 of M5M5165P is in positive logic (chip is 
selected when signal is H). 
(3) Write control signal (W) 
The W signal controls operation modes of read and write. 
The low level W enables the write mode and the high level 

W enables the read mode. When the write mode is enabled 
the data input/output (DO) terminal is in high impedance 

state. 
(4) Dutput enable signal (OE) 
The DE signal controls the output stage directly at high 
speed. When DE = L, the DO terminals are in the output 
mode, and when DE = H, they are in the high impedance 
state. When write operation is enabled and DE is set to H, 
the DO terminals are in high impedance state and, thus, 
clash of RAM data output and data input, so called data 
bus contention, is avoided. When read operation is enabled, 
DE must be L so that DO terminals may be in the output 
mode. 

2. Read operation 
Fig. 2.8 shows the timing diagram of the read cycle. When 
Sand OE and Land W is H, the read mode is enabled and 
the memory cell data selected by the address signal is read 
at the DO terminal. There are three kinds of read cycle 
timing, as showen in Fig. 2.8. They are defined as (a) 
address access time talA), (b) chip select access time tatS), 
and (c) DE access time ta(OE)' 

(a) is applied when Sand DE have already been set to L 
long before the address change. (b) is applied, contrary to 
(a), when S is set to L simultaneously or after the change 
of the address signal. In this case, DE must be L before 
the address change, as well as in the case of (a). 

(c) is applied when the DE signal has been set to L well 
after the change of the address signal or the chip select 
signal. The DE signal controls the output buffer circuit 
directly at a high speed, so the high speed access time of 
nealy one-half of that of (a) or (b) is available. When DE is 
set L faster than the timing of talA) - ta(OE) or tAtS) -
ta(OE), (a) or (b) is applied. 
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(a) ADDRESS ACCESS TIME talA) 

ADDRESS SIGNAL 

OE 

DO 
DATA OUT 

S=L 
W=H 

PREVIOUS DATA VALID 

(b) CHIP SELECT ACCESS TIME ta(S) 
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teCR) 

DATA VALID 

te(R) 

ADDRESS SIGNAL -i--~-------

OE 

DO 
DATA OUT 

W=H 

(c) OUTPUT ENABLE ACCESS TIME ta(OE) 

ADDRESS SIGNAL 

OE 

DO 
DATA OUT 

W=H 

Fig. 2.8 Read cycle timing 
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3. Write operation 
Fig. 2.9 shows the timing diagram of the write cycle. Write 
operation is excuted when Sand Ware both L. When either 
5 or W goes to H, the data of the DQ terminal is written 

into the memory cell. Therefore, for the rise of W or S, 
data setup time tsu(A) and data hold time th(D) must be 
maintained. Address setup time tsu(A) and write recovery 

(a) WRITE CYCLE 1 (Vi CONTROL MODE) 

S 

w 

OE 

DO 
INPUT 

DO 
OUTPUT 

tSU(AO) 

tsu'(oe) 

»»»»»»»» 
(b) WRITE CYCLE 2 (S CONTROL MODE) 

S 

w 

DO 
INPUT 

DO 
OUTPUT 

tpzx(S) 

tc(w) 

tsu (5) 

tsuCo) 

DATA STABLE 

tclw) 

ISUIS) 

IsUlo) 

DATA STABLE 

OE=L Note" When the falling edge of Vii is prior to the falling edge of S, the output is maintained in high impedance state. 

Fig. 2.9 Write cycle timing 
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time twr are defined in order to avoid writing into a cell 
designated by previous or following cycles. 

At the write cycle, the data bus contention problem 
is a matter of concern. The subject is discussed in detail 
in later chapters. 

4, Standby Mode 
When Sis H, the chip becomes non-selective mode and the 
supply current is in the standby mode. The Supply current 
decreases to one tenth of the normal operation level, which 
contributes to power saving in systems that use many 
memory devices. Fig. 2.10 shows the supply current wave­
form for M58725P. 

In the case of CMOS RAM, the stand by current is as 
low as the leak current and, the memory cell data can be 
held at a Vee of 2V, enabling battery backup applications. 

APPLICATION OF STATIC RAM 
To explain the application of static RAMS, two examples 
are used; M58725P, which has OE input, and M5M5118P, 
which has no OE inputs. 

1. Application of M58725P 
Fig. 2.11 is an example of an M58725P application. The 
8085A is used for the CPU. The chip select signal is gated 
by ALE output of 8085A. Therefore, the chip select signal 

turns to low, synchronously with the" fall of ALE. W is 

ADDRESS DECODER 

A15 ~ 
LS138 

A14 ] ):>-c E, n 8085A A13 rr c 
A12 y 4 
All 

B 
A U ALE E3 

101M ~ I 
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80 

\8 

ICI.> 
60 

'< 
E 40 

i\ J 

() 

.E 20 

a 
l lf '----

t lOOns/div. 

Fig. 2.10 Power saving by S 

connected to WR and OE is connected to the RD output 
of the CPU. The RAMs which have OE input can avoid the 
data bus contention problem by use of R 0 output as an 
OE signal. 

~ WR I l l l l l l J J b AD READ COM MAN 

OE CE 

A15-Aa 
ADDRESS BUS 

~E~ h AlO 

Ao 
AD7 J A7 M58725P or M5L2716K 

I o Q~ 
ADo LS373 

OE Ul U2 U3 U4 U5 U6 U7 

07 

~ Address (Hex) 
DATA BUS I 

0 No. 

U 1 0OOO-07FF vcc~ 
Vpp/WR 

2 0800-1FFF ri\ !':w (~ r!J r:u r!J r!W I I 

3 IOOO-17FF I I I I j I I I I I I I J 
I 

If,i 1'1,: \1',1 lti t1~1 l'1-! I I 
4 1800-1FFF \ -' ' ... Jl \.; \ ... ' \'. I \) \ .... J 

WRITE COMMAND WI W2 W3 W4 W5 W6 W7 

U 

U 

U 

-U5 2000 27FF 
JUMPER SWITCH TO SELECT RAM OR EP-ROM 

U6 2800-2FFF 

U7 3000-37FF 

U8 3800-3FFF 

Fig. 2.11 Application circuit of M58725P 
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-s \ :/ 
1\ j 

-w \ If 
~ J 

~X;rr-____ :~z~W) tpzx(w) tpxz(s) 

00-07 Hi-Z Hi-Z [/"--------\ , \ 

RAM OUTPUT DATA OUT r, DATA OUT" r\'- _______ ~ ~ _______ J 

OE IS FIXED TO LOW 

ADo-AD7 ADDRESS DATA ~ CPU OUTPUT 

-
OE=H 

Fig. 2.12 Write cycle timing 

2. Application of M5M5118P 

WRITE DATA 

I 
I 
I 
I 
I 

"H": 
I 

"L'~ 
I 
I 
I 

MEMORY 

DATA BUS 

The M5M5118P offers easy memory expansion or battery 
backup due to its two chip select signals, but because of the 
lack of DE input, the data bus contention problem must be 
taken into consideration during system design. Fig. 2.12 
illustrates the timing diagram of the circuit shown in Fig. 
2.11. In this system, S is synchronous with ALE and Sis 
set to low before setting to W. Therefore, when a RAM 
without an DE terminal, like M5M5118P, or a RAM whose 
OE terminal is fixed to low is used, data input/output 
terminals are in the output state during the period shown 
by broken lines, causing contention of RAM and CPU out· 
puts, making a large current flow through each output 

transistor. Output bus contention should be considered 
only at the beginning of the write cycle, the period shown 
by cross hatching but is no longer a concern once write is 
completed because both outputs have the same phase. But 
data bus contention can be avoided when Sis turned to low 
simultaneously with W or right after W. This is because, 
when Sand Ware turned to low simultaneously, the output 
buffer circuit remains in high impedance state. This timing 
can be obtained by adding WR and RD as a condition of 
generating the chip select signal as shown in the application 
example in Fig. 2.14. 

Fig. 2.13 Data bus contention 

• MITSUBISHI 
.... ELECTRIC 

MITSUBISHI LSls 

STATIC RAM 

CPU 

8-41 



MITSUBISHI LSls 

STATIC RAM 

ADDRESS DECODER 
LS138 

8085A 

ALEr-~------~+-----~ 

IOiM 

W SI 

Aa-AI5 1----------'-------1------.---;.01 M5M5118P 

E 

ADo-AD7~-----,----~D 

Power Fail 

Fig. 2.14 Circuit diagram for preventing data bus contention (Application circuit of M5M5118P) 

3. Precaution against Noise 

DATA 
OUTPUT 

Vee 

GND 

r 
If/ 

ft 

A 

OUTPUT CAPACITANCE 

:::::30pF 

I 

VHARGING CURRENT T 200 (rnA) 

100 

~ ~ o 
~ISCHfRGI~G j,~RRE~T 1 

~ f/\ 
o 

00 

When memories which have power saving function by chip 
selection shift from standby mode to operation mode, 
the supply current shows a change of several 10mA. In the 
read cycle, the discharging and charging currents for the 
output load capacitance run as peak currents to Vee and 
GND. The current increases with the number of output 
terminals, hence, for a static RAM of xB structure, the 
current is considerable. Fig. 2.15 shows the supply current 
waveform of the M5M5165P. Noises generated by large 
current changes narrow operating margins or induce faulty 
operation. Less consideration has been give to SRAM 
compared to DRAM in the past. Now, due to its con· 
siderable improvement on speed, SRAM has become 
susceptible to noise. Adequate consideration, therefore, 
must be given to the pattern design of the circuit board. 
To absorb noise, a O.1,uF ceramic capacitor is recommended 
to be placed between each device. 

Fig. 2.15 Waveform of supply current (M5M5165P) 
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APPLICATION OF CMOS RAM 

1. Power Down Characteristics 
The conditions that set supply current in the standby state 
are different from product to product. Fig. 2.16 shows 
differences of input circuits. M5M5116P has two chip select 
inputs with the power savirig function which is assigned 
only to 52' When 5;" is set to Vee level, the minimum 
standby is obtained. But 52 is not set to Vee level penitrate 
current runs into the first stage inverter of the 52 input 
buffer, as shown in Fig. 2.17. Therefore, in the case of 
system power failure, 52 must quickly be set to the Vee 
level to prevent the penitrate current and accompanied 
faulty operation. For the other inputs, there are no limita' 
tions on the input level, because all of the 9ther input 
circuits are controlled by S;. 

M5M5118P has two chip select inputs, 51 and 52, and 
when either of them is set to the Vee level, the device is 
set in the ~ompletestandby state. 

The M5M5165P has two chip select inputs, 51 and 52, 
both of which have the power·cut function. As the input 
circuit of 51 is controlled by 52, the circuit is in the com· 
plete standby state when 52 = GND. But when s;: = Vee, 
52 must be set to the GND level to accomplish the com· 
plete standby state. The distribution of standby current is 

shown in Fig. 2.18. The standby current of the full CM05 
RAM is so small that it enables a very long battery backup 
operation. (several 1 DOnA) On the other hand, the current 

(a) M5M5116P (b) M5M5117P 

Fig. 2.16 Difference of input circuits 
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of the mixed CM05 RAM (NM05 cell + CM05 periferal) 
is fairly large (several 10IlA). But, it can support battery 
back operation for the short term. The chois is made 
according to purpose and application. 
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Fig. 2.17 Penitrate current of CMOS inverter 
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(a) FULL CMOS RAM (M5M5116P SERIES) (b) MIXED CMOS RAM (M5M5165P) 

Fig. 2.18 Distribution of standby current 
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NON·VOLATILE MEMORY SYSTEM 
We can relatively easily design a large non-volatile memory 
system with little additional interface logic by using CMOS 
RAMs. The block diagram of a basic computer system that 
uses CMOS RAMs is shown in Fig. 2.19, and the power 
supply on-off timing of the system are shown in Fig. 2.20. 
It is usually necessary to have advanced warning that AC 
power has been lost. This warning signal produced by the 
power-fail-detect circuit interrupts the processor, which 
stores the volatile data in the non-volatile area (CMOS 
RAMs) before the system's DC source drops. And after the 
RAMs have been protected, their Vee power source is 
replaced by VBAT, as shown in Fig. 2.20. 

I-_____ B_A_C_K~_U_P _PO_W_E_R_( V_B_A_Tl ______ ...... ot Vee VB" VSAe 

r __ ~---SY-S-T-EM~PO-W-E-R-(V-C-c)---~-~S~~~H~~~~~------, 

AC POWE R =:::> 
REGULATOR 

POWER~FAIL 

DETECT 
CIRCUIT 

POWER 
FAIL 

INTERRUPT 

SYSTEM BUS 

CIRCUIT 

MEMORY PROTECT SIGNAL 

Fig. 2.19 Non-volatile memory system 

""'--"----l~ AC INPUT 

CD 

~ / 
Vee 

@ 
RECTIFIED AC 

G) ------------ VTH . 

L-___ ~~ 
COMP~ OUT 

o 
NMI INTERRUPT _____ --:_....:;;j 

® (Power fal!) 

® 

SYSTEM RESET or MEMORY PROTECT 

CD 

Fig. 2_20 Power on-off timing 
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EXAMPLE OF CMOS NON-VOLATILE 
MEMORY SYSTEM 

Power-Failure Detection 
The power-fail-detect circuit watches a separate power 
supply point to provide an advanced warning of power 
failure_ As described before, this warning signal (power fail) 
can interrup the processor or merely protect the CMOS 
RAMs. 

SECONOARY SIDE 
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Fig. 2.23 is a simplified diagram of the power-fail-detect 
circuit. This shows that the power failure is detected from 
the secondary transformer output, which is not regulated. 
The Zener-diode voltage and RC time constant should be 
well selected to prevent AC power failure from shutting 
down the memory system. 

VOLTAGE @ TO SYSTEM POWER 

REGULATOR 1-~-=---1r---. Vee 
L-==~:....J 

r 
Fig. 2.21 Power-fail-detect circuit 

Power-Switching Circuit 
The power-switching circuit replaces the main source 
Vee by the back-up power source VBAT when Vee drops, 
and replaces the VBAT by the Vee when the Vee voltage 
rises enough to enable normal operation. 

Two types of power-switching circuit are shown in Fig. 
2.22 and Fig. 2.23. The diode-coupled circuit in Fig. 2.22 
requires the main DC supply Vee to be above the required 
"BAe voltage by the amount of drop through the diode 
(about 0.6 ~ 0.7V). Fig. 2.23 shows a transistor-coupled 
circuit, which has better performance than the circuit in 
Fig. 4. In this case it is recommended to use a transistor 
with low collector-base saturation for Q1. 

U1 M51201 L (COMPARATORI 
U2 LS123 

~ 
U2 V2 ..J L. 
U2'j, -ft' 

t): Per,jod with no AC power. 

t2: Period of power fail operation (interrupt) 

01 

02 

- BACK-UP 
VBAT l POWER SUPPLY 

Fig. 2.22 Diode-coupled switching circuit 

,-__ """" __ ,,,\TRl r ____ ---V .. BAC 

03 

Vee + 04 

-=-- VBAT 

1 
Fig; 2.23 Transistor-coupled switching circuit 
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4. Application Circuits 
Fig. 2.24 shows an example of a non-volatile memory 
system using 64K bits CMOS RAM M5M5165P. 

In this case, the memory protect signal is detected from 
the system power supply Vee. However it is safer to pro­
tect the memory by taking the signal out of the non­
regulated power supply, as shown in Fig. 2.21. Because 
protection is excuted before the fall of Vee and reset after 
the rise of Vee. 
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[Bit Map] 
To make the best use of a test pattern or to do a failure 
analysis, it is necessary to know the relationship between 
external address and the actual cell location inside the 
chips. In such a case, a bit map is used to know the topol­
ogy of the memory array. Figs. 2.25 - 2.29 show the bit 
maps of all static RAMS which are in production. 

M5M5165P-LX4 32K BYTE CMOS RAM 

S:5~~~ Vee 
SUPPLY 

ADDRESS BUS 
kJ-A12 -----:."'--:::-.-~--I 

(kJ: LSB) 

MEMW MEMORY WRITE SIGNAL 
MEMR--~M~E~M~O~R-Y-R~E~A~D~S~IG~N~A~L~----~~--4-~+-~~~-+-+~--+-~ __ ~~ __ ~-J 

DATA BUS 
~-D7 ~-~B----~-'----~~---~-+L----~~L----4-~ 

ADDRESS BUS 

A13-A15 

(A15: MSB) 

cnO:: 
cnw 
wO 
0::0 
Ou 
Ow «0 

RAMl 

RAM2 

RAM3 

RAM4 

Fig. 2.24 Application of non-volatile CMOS Memory 
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Fig. 2.25 M58725P 
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Fig. 2.26 M5M5116P/M5M5117P/M5M5118P 
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3. EPROM 

3.1 EPROM Technology 
INTRODUCTION 
With their ability to be electrically programmed and erased 
with ultraviolet light, EPROM (Erasable and Programmable 
Read Only Memory) devices have achieved high popularity 
for their ease-of-use and are retaining their position as the 
target for memory development. 

Although the EPROM was originally developed for use 
as a microprocessor system debugging ROM, the device has 
undergone significant improvements in density, reliability. 
and basic process technology as well as cost per bit which 
have extended its usefulness beyond microprocessors into 
such equipment as cash registers, point-of-sale equipment, 
household appliances, entertainment equipment, and a 
variety of other fields. Since the introduction by Mitsubishi 
Electric of a p-channel 2K-bit EPROM, the development of 
n-channel devices has enabled remarkable improvements in 
access time, and density in the form of an 8K-bit device. 
The market is now being supplied with easy-to-use, single­
power supply 16K/32K bit devices and high-speed, 
large capacity 64K/128K bit devices. This section will 
briefly outline the progress made in EPROM technology 
including a description of circuit configuration and notes 
on applications. 
The Structure and Basic Operation of a Memory Transistor 
As shown in Fig. 3.1, increasing EPROM capacity has been 
accompanied by changes in the memory transistor struc­
ture. The 2K-bit device made use of a P·channel MOS 
transistor to form an insulated single-layer polysilicon 
floating gate. In contrast to this, devices of 8K·bit capacity 
and greater make use of n-channel transistors and two-layer 
gate structure with a control gate to which a voltage may be 
applied placed over the floating gate. A capacitance 
between the control gate and the floating gate form an 
acceleration field for electron injection to the floating gate. 
Programming is performed in the following manner. For 
programming operations a high voltage is applied to the 
drain and control gate. By virtue of the control gate, 
capacitance between control gate and floating gate a 
channel is formed between the source and drain through 
which a current flows. As a result, for high drain voltages 
current induced breakdown occurs. The hot-electrons pro­
duced as a result of this breakdown phenomena exceed the 
high energy barrier and are injected into the floating gate. 
By imparting a voltage to these injected electrons the 
control gate can have higher threshold voltage than before 
injection (refer to Fig. 3.2), and the read voltage may be 
applied to the control gate while maintaining an open cir­
cuit. This ends the write operation. This applies to the 
memory transistors used in presently available EPROM 
devices of 8K-bit capacity and over. Fig. 3.3 shows the 
programming characteristics (dependency of the th reshold 
value on the write pulse width) for 16K- and 32K-bit 
memory transistors. 

The injected charge is located on the floating gate 
which is surrounded by a 1,OOOA thick silicon oxide layer 
of good insulating characteristics, and is therefore retained 
for a long period. It is the retention of this charge which 
holds the written data. A significant feature of two·layer 
gate structure is the associated increase in density. As 
shown in Fig. 3.1, whereas in the single·layer gate an 
additional row selection transistor is required, the two·layer 
memory transistor eliminates this necessity by having the 
control gate serve two functions. 

COLUMN 
ADDRESS 

SE LECJlq.~ ---1 
ROW -8-­ADDRESS 

SELECTION 
GATE I 

l __ ~ 
(a) 2K-BIT 

(b) SK-BIT 

(0) 16K-BIT AND ABOVE 

Fig.3.1 Memory transistor construction 
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Fig. 3.2 Variation in memory transistor threshold 
voltage (VGO: Read gate voltage, both 
vertical and horizontal scales are arbitrary) 
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The introduction of SK· and 16K·bit devices and greater 
was accompanied by improvements of control gate struc· 
ture. As shown in Fig. 3.1, whereas for the SK·bit device 
the side of the folating gate is completely covered by the 
control gate, this is not true of devices of 16K·bit capacity 
and greater. It should be noted that while significant im· 
provements in overall capacity has been made, chip size 
remains essentially unchanged, the 16K-bit chip size being 
merely S.2% greater than that for the SK-bit device. These 
devices have been improved to the 64K/12SK bit devices by 
decreasing the chip size vertically and horizontally. 

Erasing is done by exposing the device to ultraviolet 
light. The electrons on the floating gate receive the 
ultraviolet energy, pass through the oxide layer and escape. 
The transmittivity of ultr~violet radiation from a low 
pressure mercury lamp through polysilicon is low compared 
to silicon oxide. For this reason, the ultraviolet energy 
reaching the floating gate of 16K-bit and greater memory 
devices. using transistors without polysilicon sides is larger 
than the SK-bit structure. This results in shorter erase times 
for 16K-bit devices and over. Fig. 3.4 illustrates the change 
in threshold value by exposure of'ultraviolet energy. 

I 
f­
> 

o 

Vpp=25V 

50 

Fig. 3.3 Dependency of VTH on write pulse width (16K-bit 
and 32K-bit) 

I 
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> 
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Fig. 3.4 Variation in VTH with erasure time 
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Fig. 3.5 EPROM Block diagram 
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DATA INPUT/OUTPUT 

EPROM Circuit Configuration and Characteristics 
Circuit Configuration 

Fig. 3.5 shows the block diagram of an ultraviolet light 
erasable EPROM. Currently available devices are configured 
in S-bit words with the memory cells arranged in eight 
blocks. Input and output is performed in parallel by'means 
of the signal lines Do ~ D7 connected to these eight blocks. 
The address signals are divided into column decoder inputs 
and row decoder inputs. For a 12SK·bit EPROM, five 
address signals are input to the column decoder while 
nine address signals are input to the row decoder, the 
memory being arranged as a matrix of 2s (=32) columns 
by 29 (=512) rows. 

After decoding, the column signals are input to the 
column selection transistor gate which is connected to the 
memory cell drain. Finally, the decoder row inputs are 
connected to the memory control gates. Sense amplifiers 
and data in put/output buffers used in read and program 
operations are connected to the drains (data lines) of the 
memory cells controlled by the column selector transistors. 
Almost all of the chip area is taken up by the memory cells, 
address circuits, decoders, and data circuits, the remaining 
area being allotted to the important control circuits. 

These control circuits consist of the chip enable and 
output enable circuits. The former controls the power 
down operation or programming operations. The latter 
circuit controls the enabling or disabling of the output 
signal by means of the OEsignal. 16K-bit devices and over 
are provided with these two select/unselect control circuits. 
The two line control method is very effective for OR· 
connecting of multiple devices. If only one signal were 
allowed to control chip select and unselect, cases could 
arise where one chip is enabled for output before the 
previous chip goes into the floating state. 

8-52 
• MITSUBISHI 

.... ELECTRIC 



MITSUBISHI LSls 

EPROM 

(MSL2716K,MSL2732K,MSL2764K,MSL27128K) 

As shown in Fig. 3.6, this results in excessive current Table 3.1 Comparison of Available EPROM Devices 
flowing and the generation of power supply noise. In 
addition, data on the bus is unstable before and after 
address changes. This condition is called "the bus conten­
tion problem" and can be eliminated by using the CE as the 
chip enable and OE as the output enable signal in a two-line 
control mode. 
EPROM Operation, Characteristics, and Application Notes. 
The basic operations possible with an EPROM are program­
ming, read, and erase. These operations will be discussed 
with respect to 16K- and 32K-bit devices along with some 
precautions for use. Table 1 summarizes a comparison of 
the characteristics of EPROM devices currently available. 

(1) Programming Operations 
The normal state of all cells for an EPROM device when 
shipped or after erasure is "1", programming operations 
change the memory cell contents to O. Programming 
operations are performed in groups of 8 bits (one word). 
After applying the programming voltage to the program­
ming pin and selecting the program mode, the address data 
is set up. Next, a programming pulse of the required width 
is input. The active state of this pulse depends on the device 
(for instance, for 16K-bit devices the pulse is active high 
While for 32K, 64K and 128K-bit devices it is active 10wL 
so that care should be taken when generating this pulse. 
Although it is often thought that the higher the pro­
gramming voltage and the wider the programming pulse, 
the more effective the programming operation will be, the 
device characteristics dictate that the best programming 
will be achieved by setting these values to the central 
specification values. In perticular, the maximum allowable 
voltage for programming that may be applied to the Vpp 
pin is 26V. Care must be taken that the Vpp supply doesn't 
overshoot the 26-volt maximum specification. Programming 
for both 16K- and 32K-bit devices can be performed .in 
any arbitrary order, further simplifying the programming 
operation. 
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I Vee 
1 
I 
I 
I 
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/' 1 
1 
1 
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1 
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I 
1 L ______________ _ 

Fig. 3.6 Fighting for an OR-connected bus 

MEMORY 
CAPACITY 

(BITS) 

TYPE 

CHANNEL 
TYPE 

CHIP AREA 

ADDRESS 
ACCESS 

TIME (MAX) 
POWER 

DISSIPATION 
(MAXI 

POWER 
D I ~~'~ AB\tON 

SUPPLY 
VOLTAGES 

ADDRESS 

DATA 
OUTPUT 

2K 3K 
(256X8) (1024X 8) 

M5L1702AS M5L2708K 

p n 

14.2mm2 17 .8mm2 

1000ns 450ns 

600mW 800mW 

0.3mW 0.1mW 

+S. -9V 
+S, -S, 
+12V 

FLOATING STATE 

Fig. 3.7 Read timing diagram 

(2) Read Operation 

16K 32K 
(2048X 8) (4096X8) 

M5L2716K M5L2732K 

n n 

19.3mm 2 22.5mm 2 

4S0ns 450ns 

52SmW 787mW 

0.03mW O.02mW 

+SV +SV 

The read mode is enabled by lowering the program voltage 
and using the chip enable signal to select the chip, and the 
output control signal to enable the output of the memory 
contents at the selected address. The chip enable signal 
serves also as the power down signal, enabling an extreme 
limitation on power consumption for the non-selected 
periods, Access time is specified in terms of chip enable, 
address, and output enable access times, the power down 
feature making the chip enable access time generally the 
longest. Operating conditions and output timing should be 
carefully considered as high temperatures and excessive 
output loads have an adverse affect on access time. Fig. 3.7 
shows the read timing for 16K-bit and 32K-bit devices with 
Fig_ 3.8 and Fig. 3.9 giving the chip enable access time 
dependency on temperature and load capacitance. 
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Fig. 3.8 2716 Chip select access time temperature 
characteristics example 
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~ 
~ 400 
;:: 
<J) ----------<J) 
UJ 300 u 
u 
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(3) Erasure 
Erasure is performed by exposing the chip to ultraviolet 
light. Fig. 3.4 shows the change in memory transistor 
threshold value with relationship to ultraviolet radiation. 
The erasure time should be selected to allow for variations 
in the memory transistor characteristics. Fig. 3.10 shows 
the relationship between the ultraviolet radiation time and 
the number of bits erased. Verification of erasure by means 
of a PROM programmer should not be assumed to indicate 
that the EPROM is sufficiently erased. While the required 
erasure time depends upon factors such as the type and 
condition of the lamp used and the distance to the device 
being erased, the actual erasure procedure should be con­
tinued for a period of five times the time required to 
erase all cells as verified by a PROM programmer. General· 
Iy, for 16K· and 32K·bit EPROMs, the erasure time for a 
G L-1 0 lamp 2.5cm away from the device is between 15 and 
20 minutes. 

The erasure characteristics for 8K -bit EPROMs differs 
from those for 16K-bit and greater capacity for structural 
reasons, with the differences extending to the degree of 
influence of sunlight and fluorescent lighting on the 
inadvertent erasure of data. To prevent such long term 
ambient radiation from affecting electrical characteristics, 
the use of a seal to cut out such radiation for normal use 
is required. 

100 

~ 
80 

<J) 

r-
a; 
0 60 
UJ 
<J) 

" a:: 
UJ GL-1O AT 40 

DISTANCE OF 25cm 

Fig. 3.9 2716 Chip select access time load capacitance 
dependency 

20 
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Fig. 3.10 Erasure characteristics example for 2716 and 
2732 
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3.2 APPLICATION OF EPROMS 
EPROM control functions 

EPROM control functions are provided to simplify, inter­

face and allow full utilization of performance. A new 
generation of dual-control function EPROMs has become 

popular which has both a chip enable (CE) and an output 

enable (OE) control input. 

CE (Chip Enable, active low) 

The falling edge of CE activates the address input buffers 

and latches the address in preparation for the address 

decoders and the sense amplifiers to perform their function. 

This acts also as a power control function, allowing the 

device to enter a low-power standby mode when the CE 

input is disabled. 

OE (Output Enable, active low) 

OE controls the device's output buffer, and is used to avoid 

bus contention since the device's output can be turned on 

and off directly by the processor. The CE and OE control 

functions are ANDed inside the device. This means that 
only the simultaneous application of CE and OE will 

activate the output of the device. (When either of CE or OE 

is not active, the output buffer of the device goes into the 

high-impedence state.) 

Microprocessor interface 
As described above, EPROMs can be interfaced easily to 

microprocessors using the CE and OE functions_ A typical 

example is shown in Fig. 3.11. The address from the 

microprocessor is decoded by the bipolar PROM which 

generates the primary decoded signal CEo Next, rear! 

memory command from the microprocessor enables OE. 

This decoding method makes possible a substantial power 

saving. 

EPROM package compatibility and design technique 

As the density of EPROMs increase, more address pins will 

be needed for higher density devices. But the EPROM 

family has similar pin configurations maintain which keeps 

the compatibility with each memory size devices. The 

pinouts of the family are shown in Fig. 3.12 which have 

different signals at the dotted pinouts only. It may seem as 

though the 28-pin package is not compatible with the 24-

pin devices, but the lower 24 pins are indential to the 24-

pin package of 2716 or 2732 as shown in F ig_ 3.12. 

256X 4 bit FUSED-ROM 

W2 J~ 15 A7 B-r --, ~ 9~ 2~~ 1 A6 04 '-'I~ !'-' 
1 I ~I 2 

A5 10 f-w.-J '-- __ :.1 A15 3 
A4 03 r--

A 14 4 A3 ~ A 13 7 A2 02 
11 

A 12 6 A1 
r--' 

12Lwr, 
A11 5 01 

AO E 1 E2 

to BOB5A 13Y1~ 
101M 

101M 

ALE 
ALE CE 

AB 
T AO 

I ADDRESS BUS AO-A 10 I 
A15 A 10 

A12 2 
A 12 

MICRO-
PROCESSOf LATCH AO-A 7 ~,oc"c%0 23 

vpp/A11 

ADO ---
I ADO-AD7 

AD7 ---

RDp 
READ COMMAND ---

t vcc L...}Q-~)- l W1 

Fig. 3.11 Microprocessor-EPROM interface example 
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CE 

28 
27 

M5L2716K 
I 26 

M5L2732K 
I 

IJ-M5L2764K 

OE OE OE 

C(22 922 Y22 

EPROM W2 
TYPE Wl 

2 

2716 1-2 CLOSE CLOSE 

2732 2-3 OPEN CLOSE 

2764 2-3 CLOSE OPEN 
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The pinouts of the EPROM family enable the memory 
design to support 2K-, 4K-, and 8K-byte EPROMs, which 
require some techniques of address decoding and print 
circuit board layout. Fig. 3.11 shows now the EPROM 
family may be connected to the very popular M5L8085A 
microprocessor. The high-order microprocessor address 

2764 

2732 2716 
Vpp 

A'2 

A7 A7 A7 

A6 A6 A6 

A5 A5 A5 

A4 A4 A4 

A3 - A3 A3 

A2 A2 A2 

A, A, A, 

Ao Ao Ao 

DO Do Do 

0 , 0, 0, 

O2 02 02 

GNO GNO GNO 

Fig. 3.12 EPROM Family pinouts 

Table 3.2 PROM Address Map 

bits are fed to a 256x4 bipolar PROM for address spatial 
decoding. The PROM allows the address space to be re­
defined at any time so that various EPROMs can be used. 
The jumpers W1 and W2 are used to define the type of 
EPROM according to the table in Fig. 3.11. The address 
map of the PROM is shown in Table 3.2. 

2764 

2716 2732 
Vee 

PGM 

Vee Vee NC 

As As As 

Ag Ag Ag 

Vpp A" A" * 
OE OE/Vpp OE * 
AlO AlO AlO 

CE CE CE 

07 07 07 

06 06 06 

05 05 05 

04 04 04 

03 03 03 

!~ 
GNO 

Microprocessor's address 
W2-2 W2-1 

Decoder add A'5 A14 A'3 
. ress A7 A6 A5 A4 A3 A2 

0 0 0 L- L- L-

2716 mode 

0 0 1 L- L- 0 

0 
2732 mode 

1 

1 

0 1 0 L- 0 0 

0 1 
2764 mode 

1 0 

1 1 

0 1 1 * * * 
Not used t t ! ! ! ! 

1 1 1 1 1 1 

Note: * md~cates 0 or 1 .6. mdlcates 0 or 1 which defines the EPROM's page address 
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0 * 0 1 1 1 

1 * 1 0 1 1 

0 * 1 1 0 1 

1 * 1 1 1 0 

* * 0 1 1 1 
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Functional description of M5LB041 A-006P 

General 

M5L8041 A-006P is a slave computer LSI which is designed 
for EPROM writer control using a mask-programmed 

M5L8041 A-XXXP. The operation mode of the PRPG is 

defined by the master microprocessor. So it is programmed 

by the system's software as an I/O peripheral. 

Command description 

There are 7 commands provided for programming the 

PRPG. These commands are sent on the data bus with the 

signal CS at low and the signal Ao at high and are stored in 

the PRPG at the rising edge of the signal WR. 

The summary of PRPG's commands and status is shown in 
Table 3.3. 

PRPG Timing and interfacing 

PRPG's operation timing are triggored by the commands 

are shown Table 3.3. There are two operation modes, 2716 

mode and 2732 mode, whose timing are shown in Fig. 3.13 

and Fig. 3.14. 

Application for EPROM writer 

Introduction 

M5L8041A-006P is one of the applications for EPROM 
writer controller which can interface to microprocessors 

(e.g. 8080A, 8085A, 8086). EPROM writer design is 

simplified by using M5L8041A-006P. 

Features of the M5L8041 A-006P; 

• EPROM write controll for the 2716 or 2732 

• Fully compatible with Mitsubishi microprocessors 

• Reduces the master microprocessor's program for 
EPROM writing. 

PRPG interface and timing 

An example of PRPG interfacing is shown in Fig. 3.15. 

Using the PRPG, the design of the EPROM writer is 

simplified. M5L8243P is used for the port expander of 

PRPG. 

PRPG's operational timing is managed by the commands 

shown in Table. 3.3. There are two operation modes (i.e., 

2716 and 2732 mode) whose timing is shown in Fig. 3.13 

and Fig. 3.14 respectively. If the mode set command is not 

equal to the hardware switch to select 2716 or 2732 in the 

Fig. 3.15, the mode will not be set and the FAIL LED will 

light. 

Design example of EPROM/RAM board 

Fig. 3.16 presents the design example of EPROM/RAM 

board which is fully compatible with the proposed I E3_ 

P796 bus standard. The M5L2716K, M5L2732K or 

M5L2764K can be used in this board, and also 2Kx8 bit of 

RAM (M58725 P) can be mixed with M5L2716K. 
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Table 3.3 M5L8041A·006P (PRPG) Function Table 

I\ICOMMANDI 
STATUS 

Mode set 

Address set 

Blank check 

DESCRIPTION 

Defines the operation 
mode of PRPG 

Defines the start 
address (SPA) and the 
end address (EPA) 
of programing 
EPROM 

Checks the 
programming 
EPROM if it is erased, 

CODE 

MSB LSB Ao 

I ~ [ 0 I 0 I 0 10 I 0 IF 1 r 01 l2JCPROM Selection { 

~Iectlon of clock { 
Input 

o 

o 
o 

2716 Mode 
2732 Mode 

o 3.58 MHz 
4.194303 MHz 
6 MHz 

----' 

MSB LSB Ao MSB LSBAo 

1st byte (SPA) HIGHER i 
2nd byte (SPA) LOWER 0 

After providing Address set command, it is necessary 
to pr.ovide following 4 bytes of SPA and EPA 3rd byte (EPA) HIGHER 0 
continually. 4th byte (EPA) LOWER 0 

11111,1'[01010[01 l2J 

MSB LSB AO 

1'101'1'101010101 l2J 

LED DISPLAY 

PASS FAIL 

PASS~ON I FAIL~ON 
When mode is set correctly_ When program. med mode is 
(Mode request LE D not coincident with 

turns off.) hardware sWitch. 

PASS ~ ON 
If EPROM is erased. 
(i.e. All data are FF16 ) 

FAIL ~ ON 
1 SPA>SPB 
2 SPA EPA 

2716 :;'800" :;. 800" 
2732 ~ 1000'6 ~ 1000,6 

FAIL~ON 

If EPROM is not erased. 

NOTES 

It is necessary to provide 
mode set command after 
power on. A her mode is 
set, the operation mode is 
available until the other 

mode is set. 

A bytes commands after 

address set command 
should provide with AD 
input low-level. 

o ~-------4---------------4-------------------------------------------------------------+------------------~-----------------+------------------~ 
~ Writes the data to the MSB LSB Ao 

~ ~:~O~a;,:;c~pa~ea~~t 1, [ 0 [1 [ 0 [ 0 [ 0 [ 0 [ 0 I OJ 
8 . rerifies the written 

EPROM write data if they are 

Ul 
::0 
f--

""" In 

Verify 

Automatic 
write 

Copy 

Write data 
buffer full 

correctly programmed. 

Checks the programmed I MSB LSB Ao 

;~r~e~~yif it is written [1 [1 [ 0 [1 [ 0 [ 0 I 0 [ 0 I [2J 

Executes the 
commands 3 , 4 , 5 
automatically. 

MSB LSB Ao 

1'11101010\010101 QJ 

Transfers the EPROM'sl MSB LSB AO 

data where are difined l' l' 11 10 I 0 I 01 0 [ 0 I f1l 
seA and ECA to the U 
master CPU. 

Indicates if write 
data buffer in the 
PRPG are full or not. 

After providing Copy command, 

it is necessary to provide following 

4 bytes of SCA and ECA. 

MSB LSB AO 

\-\-\-I-I-I-Id-J GJ 

After providing this command, PRPG generates 
EPROM programming timing pulse. 

After providing this command, PRPG compares 
the programed data with the source data of 

master CPU. 

MSB LSB AO 

1st byte (SCA) HIGHER i 
2nd byte (SCA) LOWER 0 

3rd byte (ECA) HIGHER 0 

4th byte (ECA) LOWER 0 

o PRPG data buffers: full 
1 PRPG data buffers: not full 

PASS ~ ON 
When programming 
finishes completely_ 

FAIL~ON 

If it is not able to write 
correctly in the EPROM 
address. 

(SPA- EPA) 

PASS~ON I FAIL~ON 
When the programed data If the programed data are 

are equal to,the source data. not equal to the source data 

PASS ~ ON 
When theJe is no error 

in 3 and 5 command. 

PASS ~ ON 
When data transfer finishes. 

FAIL ~ ON 
When there are any errors 

in 3 and 5 command, 

FAIL ~ ON 
Same condition as 

command 2 

seA =:: start address of copy 
data 

ECA =:: start address of copy 
data 

The status is used by 

4 or 6 command. 
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! X i >+-< DATA I 
P17 
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p. I 1 

! i ADDRESS Ps I I 
Ps 
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1 I I I 
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I I· 
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I EPROM WRITE COMMAND IE 

Fig. 3.13 2716 Programming timing 
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Fig. 3.142732 Programming timing 
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VPG 

UPPER SIDE 2732 
LOWER SIDE 2716 

VZ' 2.6 - 2.8V 

VZ2 5.5 - 5.8V 

VZ 3 24.3 - 24.5V 

VPP/All I I II 90ENPP 
READ COMMAND qRD PH CS' 

'DO (0 ILSB} 01 11 
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04 I 4 DATA BUS 1 05 I 5 103 PII 3 
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Fig. 3.15 Design example of PRPG. 
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Fig. 3.16 Design example of EPROM/RAM board (1/2) 
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Fig. 3.16 Design example of EPROM/RAM board (2/2) 
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CONTACT ADDRESSES FOR FURTHER INFORMATION 
JAPAN================ 
Semiconductor Marketing Division 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telex: 24532 MELCO J 
Telephone: (03) 218-3473 

(03) 218-3499 
Facsimile: (03) 214-5570 

Overseas Marketing Manager 
Kita-Itami Works 
4-1, Mizuhara, Itami-shi, 
Hyogo-ken 664, Japan 
Telex: 526408 KMELCO J 
Telephone: (0727) 82-5131 
Facsimile: (0727) 72-2329 

HONG KONG======== 
Ryoden Electric Engineering Co., Ltd. 
22nd fl., Leighton Centre 
77, Leighton Road 
Causeway Bay, Hong Kong 
Telex: 73411 RYODEN HX 
Telephone: (5) 7907021 
Facsimile: (852) 123-4344 

TAIWAN=============== 
MELCO TAIWAN CO., Ltd. 
6th fl., Chung-Ling Bldg., 
363, Sec. 2, Fu-Hsing S. Road, 
Taipei, R.O.C. 
Telephone: (704) 0247 
Facsimile: (704) 4244 

U.S.A. ============ 
NORTHWEST 
Mitsu bishi Electronics America, Inc. 
1050 East Arques Ave. 
Sunnyvale, CA 94086, U.S.A. 
Telex: 172296MELASUVL 
Twx: 910-339-9549 
Telephone: (408) 730-5900 
Facsimile: (408) 730-4972 

NORTH CENTRAL 
Mitsubishi Electronics America, Inc. 
799 North Bierman Circle, 
Mt. Prospect, I L 60056, U.S.A. 
Telex: 270636 MESA CHI-MPCT 
Telephone: (312)298-9223~8 

Facsimile: (312) 298-0567 

Mitsubishi Electronics America, Inc. 
15612 HWY 7 #243 
Minnetonka, MN 55345, U.S.A. 
Telex: 291115MELAMTKA 
Telephone: (612) 938-7779 
Facsimile: (612) 938-5125 

NORTHEAST 
Mitsubishi Electronics America, Inc. 
200 Unicorn Park Drive 
Woburn, MA01801, U.S.A. 
Telex: 951796 MELASB WOBN 
Twx: 710-348-1229 
Telephone: (617) 938-1220 
Facsimile: (617) 938-1075 

MID-ATLANTIC 
Mitsubishi Electronics America, Inc. 
110 New England Ave. 
West Piscataway, NJ 08854 U.S.A. 
Telex: 833244 MESANJPWAY 
Twx: 710-991-8584 
Telephone: (201) 981-9256 
Facsimile: (201) 981-9256 

SOUTHWEST 
Mitsubishi Electronics America, Inc. 
991 Knox St. 
Torrance, CA 90502, U.S.A. 
Telex: 664787 MELA TRNC 
Telephone: (213) 515-3993 
Facsimile: (213) 324-6578 

SOUTH CENTRAL 
Mitsubishi Electronics America, Inc. 
3247 West Story Road, 
Los Colinas Business Park 
Irving, TX 75062, U.S.A. 
Telephone: (214) 258-1266 
Facsimile: (214) 659-9313 

SOUTHEAST 
Mitsubishi Electronics America, Inc. 
Town Ex. CTR., 6100 Glades Rd. #210 
Boca Raton, FL 33433 U.S.A. 
Twx: 510-953-7608 
Telephone: (305) 487·7747 
Facsimile: (305) 487·2046 

WEST GERMANY===== 
Mitsubishi Electric Europe GmbH 
Headq uarters: 
Gothear Str. 6 
4030 Ratingen 1, West Germany 
Telex: 8585070 MED D 
Telephone: (02102) 4860 
Facsimile: (02102) 486-115 

Munich Office: 
Arabellastra~e 31 
8000 Munchen 81, West Germany 
Telex: 5214820 
Telephone: (089) 919006-09 
Facsimile: (089) 9101399 
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FRANCE========= 
Mitsubishi Electric Europe GmbH 
65 Avenue de Colmar Tour Albert ler 
F-92507 Rueil Malmaison Cedex, 
France 
Telex: 
Telephone: 
Facsimile: 

202267 (MELCAM F) 
(01) 7329234 
(01) 7080405 

ITAL Y ============ 
Mitsubishi Electric Europe GmbH 
Centro Direzionale Colleoni 
Palazzo Cassiopea 1 
20041 Agrate Brianza I-Milano 
Telephone: (039) 636011 
Facsimile: (039) 6360120 

SWEDEN============ 
Mitsubishi Electric Europe GmbH 
Lastbilsvagen 6B 
5-19149 Sollentuna, Sweden 
Telex: 10877 (meab 5) 
Telephone: (08) 960468 
Facsimile: (08) 966877 

U.K. =============== 
Mitsubishi Electric (U.K.) Ltd. 
Centre Point, (18th Floor), 
103 New Oxford St., 
London WC1, England, U.K. 
Telex: 296195 MELCO G 
Telephone: (01) (379) 7160 
Facsimile: (01) (836) 0699 

AUSTRALIA ======== 
Mitsubishi Electric Australia Pty. Ltd. 
73-75, Epping Road, North Ryde, 
P.O. Box 1567, Macquarie Centre, 
N.S.w., 2113, Australia 
Telex: MESYD AA 26614 
Telephone: (02) (888) 5777 
Facsimile: (02) (887) 3635 
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